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Abstract: AIM: To study the optic disc and retinal vessel morphology using both indirect ophthalmoscopy and 
optical coherence tomography in children with surgically treated hydrocephalus. Methods: A cross-sectional 
study was performed with 50 children of surgically treated hydrocephalus as cases and compared them with 50 
age matched controls. All children were examined by indirect ophthalmoscopy and optical coherence 
tomography for the evaluation of optic disc and retinal vessel changes. Results: Optic atrophy was found in six 
out of the fifty children (12%) tested. In comparison with the reference group, median optic disc area was 
significantly smaller (p<0.0001) in children with hydrocephalus. There was not much difference in cup area, 
but the rim area was smaller (p<0.0001) in children with hydrocephalus. On indirect ophthalmoscopy children 
with hydrocephalus had optic atrophy and abnormal retinal vascular pattern. Conclusion: Children with 
surgically treated hydrocephalus were found to have subnormal optic disc and neuro-retinal rim areas with 
abnormal vascular pattern. The importance of diagnosis of these optic disc and retinal vessel changes in 
children with surgically treated hydrocephalus by OCT imaging and follow up at regular intervals to look for 
any additional changes can help us to prevent further damage to the optic nerve. 
Keywords: Hydrocephalus, Disc area, Rim area, Cup area, Optical coherence tomography. 

 
 

Introduction 

Hydrocephalus is a condition characterised by 
increased ventricular size due to increased 
production or reduced absorption of cerebrospinal 
fluid [1]. Systemic symptoms such as nausea, 
vomiting, headache, fatigue, irritability and 
increased head circumference are helpful to 
diagnose hydrocephalus [2]. Medical and surgical 
management are the two treatment options 
available to restore the intracranial pressure to 
optimum levels [3]. Both anterior and posterior 
visual pathways may be affected in children with 
hydrocephalus resulting in mild to marked loss in 
visual acuity [1]. The incidence of hydrocephalus 
during the first year of life is around 1 in 1000 
[4]. 
 
Ophthalmological manifestations in children with 
hydrocephalus include reduced vision, double 
vision, grey-outs, misaligned eyes and visual field 
defects [4-5]. Papilledema is one of the most 

important signs of hydrocephalus; if 
undetected, it can lead to irreversible damage 
such as optic atrophy [2]. However in infants 
and young children papilledema is rare or 
absent probably due to the open fontanelle 
permitting the head to enlarge in response to 
an increased intracranial pressure. It was 
reported that the hydrocephalus might also 
cause cognitive visual problems such as 
decreased depth perception, impaired 
recognition, impaired motion perception and 
simultaneous perception [4]. Hence, every 
individual either child or adult diagnosed with 
hydrocephalus must undergo baseline 
ophthalmic evaluation. 
 
Previous research has reported that the 
hydrocephalus affects the neural tissue 
resulting in less than normal optic disc and 
rim areas and also an abnormal vascular 
pattern, indicating a pre/perinatal influence on 
the development of neural and vascular tissues 
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in children [1]. The OCT provides an assessment 
of the optic nerve head by passing a near - 
infrared illumination (840 nm) beam into the eye 
and studying its reflectivity patterns by computer- 
assisted software [6)]. Moreover, in India, no 
population based morphometric study has been 
performed on the ocular fundus findings in 
children with surgically treated hydrocephalus. 
The present study was therefore intended to 
detect and quantify optic disc and retinal vessel 
changes in children who have received surgical 
treatment for hydrocephalus by using Optical 
Coherence Tomography. 
 

Material and Methods 

Study design and setting: This cross-sectional 
study was conducted from September 2018 to 
August 2019 at the Department of 
Ophthalmology of a Tertiary Care Hospital and 
Research Centre in Belagavi, after obtaining the 
ethical clearance from the Institutional Review 
Board. The study protocol adhered to the tenets of 
the Declaration of Helsinki and all the 
parents/guardians of the 50 children included in 
the study group and 50 children in reference 
group were briefed regarding the study in detail 
and informed written consent was documented.  
 
Study population: Children who were referred to 
the ophthalmology OPD in the age group of 1-14 
years, with head circumference > 2 standard 
deviation score (SDS)greater than body length 
SDS, enlarged ventricles present at birth, or 
developed during the first year of life who 
underwent surgical intervention were included in 
the study. Children who did not fit the above-
mentioned criteria, did not survive during or post-
surgery or whose parents/ guardian were 
unwilling to participate were excluded from the 
study. 
 
Sample size: Sample size was calculated using G* 
Power software version 3.1.9.7. Sign test 
procedure was used for sample size calculation. 
We assume the effect size as 0.2 and with 80% 
power, 5% level of significance, minimum 
samples required for the study was 49 subjects. 
 
Reference group: 50 healthy Indian children 
between the age group of 1-14 years, who 
presented to the ophthalmology OPD for routine 
ophthalmic evaluation were constituted as a 
reference group for the evaluation of ocular 

fundus morphology by optical coherence 
tomography. 
 
Study Procedure: All the consecutive 
surgically treated hydrocephalus children who 
came for follow up were included in the study 
by consecutive sampling technique. Detailed 
history regarding demographic data, clinical 
and family history of the children was 
recorded. Maternal history including date of 
last menstrual cycle, number of antenatal 
visits, gestational age, the mode of delivery, 
iron and folic acid supplementation was also 
recorded. Neonatal characteristics such as 
birth weight, head circumference, history of 
NICU admission and duration of hospital stay 
were noted by retrospective review of medical 
files (fig-1) 
 
Fig-1: Response for maternal and neonatal 
characteristics 
 

 
 
All the children underwent thorough ocular 
examination including anterior and posterior 
segment evaluation. Optic disc and retinal 
vessel evaluation was done by indirect 
ophthalmoscopy. All the children also 
underwent optic disc evaluation with the 
Optical Coherence Tomography (TOPCON) 
using the 3D disc mode in glaucoma protocol 
in standard steps [6]. Optic disc area, cup area, 
rim area, horizontal and vertical disc diameter 
were recorded. It was difficult to record OCT 
in very young children in whom we used the 
head band attached to the head rest to steady 
the head and parents were allowed to be near 
the children which increased their comfort and 
confidence to cooperate for OCT (fig-2 to 4). 
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Fig-2: Comparison of optic disc area between groups. 

 
 
 

Fig-3: Comparison of rim area between groups. 
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Fig-4: Comparison of cup area between groups. 

 
 
 
Statistical Analysis: Data is analysed using 
statistical software R version 3.5.1 and Microsoft 
Excel. Continuous variables are given in the form 
of mean ± SD/Median (Range). Categorical 
variables represented using frequency 
(percentage). Sign test used to compare the 
median values of different parameters of study 
group with reference group values. P-value less 
than or equal to 0.05 indicates statistical 
significance. 
 

Results 

Demographic data: The study population 
consisted of 50 children, 16 boys and 34 girls of 
median age 4 [1.5, 14] (in years). Strabismus was 
noted in eight out of fifty children (16%) out of 
which six had exotropia and two had esotropia.  
 
On retrospective review of the medical files, the 
mean gestational age at birth was 36.04 weeks 

with a range of 30 to 39 weeks and the mean 
birth weight was 2.19 kg with a range between 
1 to 3 kg in the study group. 20(40%) children 
in the study group had history of NICU 
admission (Table 1). 
 

Table-1: Demographic details of the case 

group 

Parameters Mean ± SD 
Median 

[Range] 

Age (in years) 5.32 ± 4.09 4 [1.5,14] 

Birth weight (in 
kg) 

2.19 ± 0.66 2.5 [1,3] 

Gestational Age 
(in weeks) 

36.04 ± 3.17 37 [30,39] 

 
Optic-nerve morphology: Optic disc variables 
for children with hydrocephalus and reference 
group are shown in Table 2.  
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Table-2: Optic disc variables for children with hydrocephalus and reference group 

Par Parameters Study Group (median) Reference Group (median) p-value 

Optic disc Area (mm2) 2.39 [1.86,3.04] 2.42 0.0012 

Cup Area (mm2) 0.31 [0.25,0.34] 0.31 0.766 

Rim Area (mm2) 2.01[1.32,2.25] 2.07 0.0002 

Horizontal Disc Diameter (mm) 1.42 [0.74,2.11] 1.66 0.0002 

Vertical Disc Diameter (mm) 2.01 [1.80,2.98] 2.04 0.0114 

 
 

Using sign test, the study gathered that the 
children with hydrocephalus had a smaller 
median optic disc area of 2.39mm2 than the 
reference group of healthy children, 2.42mm2 
(p<0.0012). Neuroretinal rim area was 2.01 
mm2in the study group which was smaller 
compared to 2.07mm2 of the reference group. 
Median of horizontal D.D. and vertical D.D. was 
1.42mm and 2.10mmin the study groupwhich was 
significantly different from 1.66 mm and 2.04 
mm in reference group respectively. It was 
observed that, there was no significant difference 
in the median value cup area of study group when 
compared with reference group (Table 2). 
 
On indirect ophthalmoscopy six out of fifty 
children (12%) showed optic atrophy and 
abnormal retinal vascular pattern like straighter 
retinal arteries and central vessel branching points 
in the study group as compared to reference 
group. 
 

Discussion 

Children with hydrocephalus were found to have 
abnormal optic disc morphology in comparison 
with the reference group, illustrated by smaller 
optic disc and rim areas with abnormal retinal 
vascular pattern. Neuroretinal rim area had a 
significant difference between hydrocephalus 
children and the reference group. These findings 
were consistent with a study by Anderson et al 
[1]. This study did not show a significant 
difference in the vertical and horizontal disc 
diameter when compared to the reference group. 
 
The smaller disc areas may reflect a reduced 
number of optic nerve axons, as indicated in other 
clinical studies [7] that the size of the disc is 
related to the number of axons. So we can 
speculate that the reduced optic disc and rim 
areas in children with hydrocephalus could be of 
a prenatal origin [1]. 

Variation in optic disc morphology has been 
suggested to be caused by a lot of other 
factors such as secondary degeneration of 
ganglion cells and their fibres (retrograde, 
transsynaptic or non-transsynaptic), defective 
trophic mechanisms or deficient myelinisation 
[1]. A study by McLoone et al showed no 
significant association between disc 
morphology and the timing of the cerebral 
insult [8]. Also in a similar study in the past, 
no correlation had been found between 
aetiology of hydrocephalus and ocular fundus 
variables [1]. The study results correlated with 
the results of the studies mentioned above. 
 
Raised intracranial pressure causes 
compressive optic neuropathy at the junction 
of lamina cribrosa and optic nerve sheath 
leading to blockage of the axoplasmic flow in 
retinal ganglion cell axons causing their loss 
resulting in pale optic disc and optic atrophy. 
Histologically optic nerve head is 
characterised by a reduction in both number of 
axons and optic nerve diameter [1].  
 
In the present study six out of fifty children 
(12%) had optic atrophy. In another study 
done by Andersson et al showed optic atrophy 
in 14% of children with hydrocephalus which 
was similar to the findings of our study [1]. 
Similar incidence of optic atrophy of 17% was 
found in the study done by Gaston [9].  
 
In another study done by Akinsola F B et al 
optic atrophy was found in 30% of children 
with hydrocephalus which was slightly higher 
compared to our study [10]. 20% of children 
with hydrocephalus had optic disc 
abnormalities in another study done by S 
Akca Bayar et al [11]. Optic disc changes in 
the form of optic atrophy was noted in study 
done on large series of 200 consecutive cases 
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by S Ghose et al [12]. The hydrocephalus was 
found to be third most frequently observed 
etiology in children < 16 years of age with 
unilateral or bilateral optic atrophy [13]. 
 
A non-specific response to the neurological insult 
was found in the form of strabismus, eight out of 
fifty children (16%) had strabismus, among 
which six had exotropia and two had esotropia. In 
study done by S Akca Bayar et al, 51.2% of 
children showed strabismus [11] which was 
similar to study done by S Andersson [1] where 
strabismus was noticied in 72% of children. 
Another study by Ozgul Altintas et al also found 
that 40% of children were having strabismus in 
his study [14].  
 
In another study strabismus was found in 68.9% 
of children with hydrocephalus treated surgically 
before 1 year of age [15] which was similar to 
another study by Andersson et al where 
strabismus was noted in 69% of children with 
surgically treated hydrocephalus [4]. All these 
studies showed a very high prevalence of 
strabismus in children with hydrocephalus who 
underwent shunt surgery which did not correlate 
with the findings of our present study. None of 
the children with hydrocephalus who presented to 
the OPD had nystagmus or epilepsy. 
 
 

Conclusion 

Hydrocephalus in children is known to affect 
neural tissues resulting in an abnormal disc 
morphology, smaller disc area, rim area and 
abnormal vascular pattern as observed in this 
study. These abnormal findings indicate pre or 
perinatal influence on neural and vascular 
tissue development in children with 
hydrocephalus. Hydrocephalus has also been 
associated with optic atrophy and strabismus 
which was noted in our study. The importance 
of diagnosis of these optic disc and retinal 
vessel changes in children with surgically 
treated hydrocephalus by OCT imaging and 
follow up at regular intervals to look for any 
additional changes can help us to prevent 
further damage to the optic nerve.  
 
The OCT imaging in these children will help 
us to correctly assess the changes in optic disc 
morphology more accurately than indirect 
ophthalmoscopy. The OCT is useful tool to 
assess the optic disc changes in children with 
surgically treated hydrocephalus. The 
ophthalmologist also has an established role 
along with paediatric neurologist and 
paediatric surgeon in the long term 
management of children with hydrocephalus if 
risk of blindness is not to be added to their 
physical disabilities. 
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ABSTRACT 
Urine cytology is used for screening of exfoliated bladder cells from voided urine but lacks sensitivity. This study aims to 
check the efficacy of 5-aminolevulinic acid (5- ALA) fluorescence cytology and establish a high sensitivity approach in 
detecting flat, in-situ and/or small lesions that are hardly visible under conventional cystoscopy. Intracellular PPIX allows 
red fluorescence detection. In this study, 5-ALA fluorescent cytology using urine was compared with conventional 
cytology in the diagnosis of bladder tumors.  In this prospective study, we compared the sensitivity and specificity 
between conventional cytology, 5-ALA fluorescent cytology and FDA approved commercially available kits (NMP-22 
and BTA). The percentage of Protoporphyrin IX facilitated by 5-ALA was amplified in cancer urothelial cells compared 
to normal urothelial cells. The sensitivity of conventional cytology and 5-ALA fluorescent cytology was 64% and 96% 
respectively, whereas the specificity was 92% and 98.67% respectively. In conclusion, 5-ALA induced fluorescent urine 
cytology demonstrated promising outcomes in the detection of bladder carcinoma cells. Furthermore, low grade and low 
stage tumor cells as well as flat lesions were also positively and accurately interpreted using 5-ALA fluorescent cytology.  
 

Keywords: Bladder cancer, Non-invasive diagnosis, 5-Aminolevulinic Acid, Nuclear Matrix Protein, Bladder Tumor 
Antigen. 
 

1. INTRODUCTION  
Bladder cancer is one of the most common urological 
cancers. Bladder cancer is generally diagnosed by 
urethra-cystoscopy, which permits direct imagining of 
tumours and confirmation by biopsy and pathological 
analysis [1]. Nevertheless, Cystoscopy and voided urine 
cytology are effective diagnostic methods for 
investigation of superficial bladder cancer. Flexible 
cystoscopy being an invasive procedure has made 
cystoscopy more acceptable to patients [2]. Voided urine 
cytology remains the method of choice for the non-
invasive detection of bladder cancer, yet whilst it has a 
specificity of 93%, its sensitivity is only 25-40%, 
especially for low-grade and T-stage tumours. Bladder 
cancer in males is 7th most common carcinoma as of 
2020, and it has affected around 8.5 males and 3.2 

females in every 100000 cases, around the globe. The 
bladder invariably comes in contact with the environment 
making it sensitive to environmental carcinogens and 
inflammation. Tobacco smoke containing aromatic 
amines, which when hydroxylated, lead to DNA damage 
[3]. 
Environmental carcinogens have been implicated in BC 
with a rising trend in the past decade due to increase in 
smoking habits. About 70-80% of the BC is diagnosed as 
non-muscle invasive (NMIBC) and 20-30% as muscle 
invasive (MIBC). An early diagnosis and detection of 
recurrence is of utmost importance as 10-30% of NMIBC 
progress to MIBC [4]. Cystoscopy and biopsy remain the 
gold-standard tests for the diagnosis of bladder cancer 
and enable the urologist to identify and resect all visible 
tumors. Cystoscopy has an overall sensitivity of 62-84% 
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and specificity of 43-98%, is cost-intensive, invasive and 
operator-dependent and has limited ability to pick small 
papillary tumors, low-grade urothelial neoplasms 
(LGUN) and in-situ tumours (CIS) [5]. The clinical 
spectrum at present can be divided into those with (i) 
non-muscle invasive bladder cancer, (ii) muscle-invasive 
bladder cancer, and (iii) metastatic disease. The muscle-
invasive bladder cancer has a high recurrence rate of 50-
70% as it reoccurs despite conservative measures such as 
transurethral of bladder tumor (TURBT) and intravesical 
therapy. However, screening individuals who are at high 
risk for bladder cancer, with a history of tobacco, 
occupational exposure, cyclophosphamide exposure, or 
pelvic radiation, may be helpful for the early detection of 
bladder cancer [6]. 
A wide range of alternative procedures and markers have 
been proposed and studied for the detection of recurrent 
bladder tumours. These include 5-Aminolevulinic Acid 
(5-ALA) cytology [7], nuclear matrix protein 22 (NMP-
22) [8], BTA test [9] etc. The European Association of 
Urology in 2006 approved in using 5-Aminolevulinic 
Acid (5-ALA) for photodynamic diagnosis (PDD) of 
bladder tumor by cystoscopy as an effective procedure in 
detection and treatment for various cancer such as skin 
tumor, brain tumor, and oesophageal tumors. The 
principle behind 5-ALA fluorescence cytology is based on 
the metabolism of heme biosynthesis. 5-ALA being the 
precursor of heme metabolism will selectively get 
accumulated as protoporphyrin IX (PPIX) in tumor cells. 
The accumulation of ALA mediated PpIX was earlier 
reported to be 17 times higher than in normal mucosa. 
Moreover, ALA is impermeable through lipid bilayers 
and the metabolism of heme occurs both in cytosol and 
mitochondria, hence the efficacy of ALA dependent PDD 
is limited by cellular uptake of ALA and additional 
accumulation of photosensitizer PpIX [10, 11]. This 
occurrence is due to the numerous facts such as increased 
uptake of ALA in tumor cells, mitochondrial properties, 
and modification of enzyme activity in enzymes such as 
porphobilinogen deaminase and ferrochelatase activity 
and storage of PPIX in malignant cells. The sensitivity of 
PDD with 5-ALA for Transurethral resection of bladder 
tumor (TURBT) is higher compared to routine white 
light cystoscopy [12]. 
However, cystoscopy with 5-ALA has a higher false-
positive rate than white light cystoscopy. In contrast, Use 
of Aminolevulinic Acid provides great benefits compared 
to conventional cytological procedures. Previous reports 
have investigated the feasibility and usefulness of urine 

base tests taking advantage of ALA-fluorescence [13]. 
Furthermore, the detection modalities are based on 
fluorescence cytology, fluorescence spectrophotometry, 
and flow cytometry. However, detection modalities such 
as spectrophotometry and flow cytometry require 
cumbersome procedures and costly equipment. In the 
search for a highly specific, sensitive, and objective 
method for detection for urothelial tumor cells, we have 
utilized the ability of fluorescence using 5-ALA for the 
diagnosis of urothelial tumor cells [14]. 
For quantitative analysis, FDA approved commercial test 
were used which follows the principle of enzyme linked 
immunoassay. First test include NMP-22, it is a nuclear 
mitotic apparatus protein is present in the nuclear matrix 
of all cell types and located in the mitotic spindle during 
mitosis is involved in the proper supply of chromatin to 
daughter. In bladder cancer, NMP-22 is twice as sensitive 
as cytology in detecting early T-stage cancers, and up to 
90% sensitive and 99% specific [15]. Similarly, BTA has 
been identified as a human complement factor H related 
protein (hCFHrp), which is produced by bladder tumour 
cells in cell cultures and not by any other epithelial cell 
lines. BTA is released into the urine of patients with 
bladder cancer as the tumour invades the stroma. Initial 
reports indicated that BTA test had higher sensitivity and 
lower specificity than cytology [16]. The present study 
aimed to detect urothelial bladder carcinoma using 5-
ALA and its comparison with conventional cytology, 
NMP-22 and BTA TRAK quantitative test to estimate 
activity in the urine of the patients with bladder cancer in 
a trial to assess their value in the detection of the tumours 
and to find a reliable non-invasive technique for the 
diagnosis of cancer bladder. Sensitivity and specificity of 
these tumour markers was compared to conventional 
cytology in bladder cancer. 
 
2. MATERIAL AND METHODS 
2.1. Patients 
The study was conducted between September 2019 and 
February 2022 at the Urology clinic in a tertiary care 
centre of South India. The study was reviewed and 
approved by the institutional ethics committee 
(KAHER/EC/20-21/001/05). A total of 250 patients 
with 128 Bladder carcinoma (Cases) and 122 non-
cancerous (Controls) were studies. Patients with signs or 
symptoms suggestive of bladder cancer and patients 
followed up for a past history of treated bladder cancer 
were included in the study. Furthermore, patients with a 
history of renal involvement (e.g. calculi, nephritis or 
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renal cancer); as these conditions may affect bladder 
cancer antigen detection; recent trauma of the bladder 
(e.g. cystoscopy, vesical washing, biopsy, or surgery); 
radiotherapy in the last 3 months; systemic chemotherapy 
in the last month; gross haematuria in the sample and 
urine infection formed the control group. 
 
2.2. Collection of voided urine sample 
Pre-operative urine sample of 150 cc was collected and 
samples were divided into four different groups, and the 
following procedures were performed within 1 h for 
pathological examination. We separated these samples for 
the conventional cytology [18], ALA-induced fluorescent 
cytology [10], NMP-22 and BTA-TRAK (Fig. 1). 
 
2.3. Evaluation of ALA based cytology 
Two ml of Minimum Essential Medium (MEM 
11095080, GibcoTM, Thermo Fisher Scientific, 
Waltham, MA, USA) was added to the urine sediment. 
5-ALA (5-Aminolevulinic Acid Hydrochloride, Sigma-
Aldrich, ©Merck KGaA, Darmstadt, Germany, 2020) 
was added to the cell suspension to 200μg/ml and 
incubated for 2 hours at 37°C in a light-shielded 
incubator. Then, centrifuged the mixture again (1500 
rpm for 5 min). The cell suspension was loaded on a slide 
and was observed using a fluorescence microscope 
(Nikon ECLIPSE Ni; Nikon Corporation, Tokyo, Japan)  

loaded with a 400-440 nm bandpass filter for excitation 
and a 610 nm long-pass filter for absorption, and the 
presence of fluorescent and reddish urothelial epithelial 
cells was diagnosed. The brightness and contrast of the 
fluorescence microscope were set to the recommended 
default settings for fluorescent urine cytology (Fig. 2). 
 

 
Total subjects enrolled in the study were divided into two sub-groups 
i.e. cases and controls. Voided urine samples were subjected to urinary 
test such as conventional cytology, 5-ALA based cytology, NMP-22 
test and BTA TRAK test. ALA- Aminolevulinic acid; NMP22-Nuclear 
matrix protein; BTA-Bladder tumour antigen. 
 

Fig. 1: Samples for different tests 
 

 
 
Fig. 2: The protocol of the 5-Aminolevulinic acid fluorescence detection assays. MEM- Minimum 
essential media 
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The cells with faint red or pink colour and histogram 
depicting peaks with low intensity versus frequency 
were considered as negative for malignancy. Cells 
showing bright red fluorescence against black 
background and its histogram depicting peaks (>200, 
10K) of high intensity versus frequency were considered 
malignant (Fig. 3 & 4). 

Cells were incubated with 5-ALA for 1 hr. The 
sediments were observed under fluorescence 
microscope. For Fig. (a & c), cells showed light red or 
pink colour against black background suggesting benign 
urothelial cells. (200X). For Fig. (b & d) the histogram 
showed intensity (x-axis) vs frequency (y-axis) to be 
minimum or normal. 

 

 
 

Fig. 3: Effect of 5-ALA on voided urine 
 

 
 

Fig. 4: Effect of 5-ALA on voided urine 
 
Cells were incubated with 5-ALA for 1 hr. The 
sediments were observed under fluorescence 

microscope. For Fig. (a & c), cells showed bright red or 
dark red colour against black background suggesting 
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malignant urothelial cells. (200X). For Fig. (b & d) the 
histogram showed intensity (x-axis) vs frequency (y-
axis) to be increased. 
 
2.4. Evaluation with commercially available KIT 

methods 
The cell free urine partwas used to evaluate NMP-22 
and BTA TRAKby an enzyme immunoassay (EIA) 
employing two monoclonal antibodies that were specific 
for the NMP-22 antigen moiety of nuclear mitotic 
apparatus protein, were used to determine NMP-22 
levels in stabilized voided urine (MyBiosource NMP22® 
test kit, South California, USA). Assay sensitivity, i.e. 
the lowest concentration of NMP22 antigen that can be 
measured reliably, is 0.156ng/ml.; within- and 
between-run coefficients of variation were 4.9 and 
9.5%, (Detection Range: 0.156 ng/ml-40 ng/ml.) 
according to manufacturer. The BTA TRAK assay 
(MyBiosource NMP22® test kit, South California, 
USA) is an immunoenzymatic assay (IEMA) utilizing 
monoclonal antibodies to bind specifically to bladder 
tumor antigen in urine. The lowest concentration of 
BTA detectable was estimated to be 19ng/mL. Assay 
reproducibility as indicated by kit purchaser yielded 5 
and 10% variation in intra- and extra-series tests, 
respectively (Detection Range: 0.31-20ng/mL). 
 
2.5. Analysis of results 
Average o fthe duplicate readings for each standard and 
samples was calculated, then subtracted the average zero 
standard optical density. a four-parameter logistic curve 
on log-log graph paper was plotted, with standard 
concentration on the x-axis and OD values on the y-
axis. If the samples have been diluted, the concentration 
calculated from the standard curve must be multiplied 
by the dilution factor. If the OD of the sample surpasses 
the upper limit of the standard curve, a re-test must be 
done with an appropriate dilution. The actual 
concentration is the calculated concentration multiplied 
by the dilution factor. 
 
2.6. Statistical Analysis 
Data were compared using the Wilcoxon test or Chi-
square test. Differences were considered statistically 
significant when p<0.05. Statistical analyses were 
performed using SPSS 22.0. 
 
3. RESULTS 
Table 1 shows the patients’ clinico-pathological 
characteristics. The group with UC was older (median 

age 54 years old) than the non-cancer group (median 
age 53 years old)(p < 0.01). The UC group included 
128 patients with BT. The non-cancer group included 
58 patients with BPH, 45 with urinary stones, 13 with 
UTI, and 6 with other with urological diagnosis. In the 
cancer group, 115 patients had cancer of pT1 or less 
(40, 18, and 57 patients with pTa, pTis, and pT1, 
respectively), 13 had cancer of pT2 or more, 57 had a 
low-grade tumor, and 70 had a high-grade tumour 
(Table 2). 
The comparison of conventional cytology, 5-ALA 
cytology, NMP-22 test and BTA TRAK testwith respect 
to sensitivity in all specimens are presented in (Table 2). 
In subgroup analysiswe found that 5-ALA-induced 
fluorescent cytology tended to be more sensitive than 
conventional cytology and other kit based biomarkers 
regardless of patient age (classified by the median age of 
54 years old) and sex. The sensitivity was significantly 
higher for 5-ALA-induced fluorescent cytology (91%) 
versus that for conventional cytology (55%), NMP-22 
test (60%) and BTA TRAK test (64%). Similar trends 
were seen in both low grade (82%) and high grade 
(97%) tumours for 5-ALA cytology. Out of 115 BT 
cases pT1 104 cases were positive for 5-ALA cytology 
(90%) and for pT2 or more the sensitivity was 
significant higher compared to other biomarkers (92%, 
<0.0001). 
However, in (Table 3), the specificity (98.2% vs. 
95.6% vs 89.21 vs 92.10, p = 1.0) and positive 
predictive value (97.22% vs. 95.08%, vs 85.56 vs 
89.13p = 0.57) were equivalently high between 5-ALA-
induced fluorescent cytology and other biomarkers. In 
conventional cytology, false positives were found in two 
patients: one with Bladder prostate hyperplasia (BPH), 
and one with urinary tract infection (UTI). In 5-ALA-
induced fluorescent cytology, false positives were found 
in six patients: two with BPH, two with UTI, and two 
with urinary stones. In NMP-22 test, false positives 
were found in thirteen patients: six with BPH, three 
with UTI, two with urinary stones and two in 
radiological cystitis. Similarly, for BTA TRAK test ten 
cases shown false positive results. 
In cases judged as false positive by the conventional 
cytology or 5-ALA-induced fluorescent cytology, 
transurethral bladder random biopsy, selective upper 
tract urine cytology, and contrast-enhanced CT were 
performed to examine the urinary tract tumor. There 
were no findings to indicate UC either by additional 
imaging or pathological examinations, or in the 
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subsequent follow-up of all patients, urine cytology was 
re-examined every 3 months for over 1 year and 
confirmed to be negative. These results suggested that 
ALA-induced fluorescent cytology may be a superior 
tool to conventional cytology in clinical practice. When 
compared among all test, 5-ALA induced fluorescence 
cytology showed highest Cohen’s Kappa (K) of 0.8745 
complying to near perfect strength of agreement.For 
this study, therespective sensitivity and specificity of 
rangedfrom 40-70% for the conventional cytology, 80-
95% for the 5-ALA based cytology, 40-60% for the 
nuclear matrix protein (NMP) 22 test, and 50-65% for 

the bladder tumor-associated antigen (BTA) test. The 
time taken for the examination of one urine specimen is 
about 1-2 days for conventional cytology, 180 min for 
5-ALA based cytology, 300 min for NMP 22 and 240 
min for BTA. In addition, the cost of one test is INR 
350-400 for conventional cytology, INR 250 for ALA-
induced fluorescent cytology andINR 1000-1500 for 
both NMP 22 and BTA TRAKas described above, 5-
ALA-induced fluorescent cytology showed high 
sensitivities within a short period of time and at much 
lower cost compared with these other urinary 
biomarkers (Table 3). 

 
Table 1: Characteristics of Study Subjects 

Parameters Bladder Cancer (%) (n=128) Controls (%) (n=122) 
Mean Age (Range, Years) 54.14 (29-85) 53.34 (24-90) 

Male: Female (114:14) (105:17) 
Comorbidity 

Hypertension 32 (25) 16 (13) 
Type- I DM 2 (2) 1 (1) 
Type- II DM 24 (19) 15 (12) 

Chronic Kidney Disease 11 (9) 3 (2) 
Ischemic Heart Disease 8 (6) 4 (3) 

Thyroid Disorder 2 (2) 0 
Multiple comorbidity 11 (9) 7 (6) 

None 38 (30) 76 (62) 
Diagnosis 

Bladder Carcinoma 128 (100) 0 
BPH - 58 (48) 

Urolithiasis - 45 (37) 
Infection - 13 (11) 
Others - 6 (5) 

Occupational Exposure 
YES 79 (62) 47 (39) 
NO 49 (38) 75 (61) 

Family History of Any Cancer 
YES 21 (16) 8 (7) 
NO 107 (84) 114 (93) 

History of Urological Infection 
YES 60 (47) 36 (30) 
NO 68 (53) 86 (70) 

 
Table 2: Diagnostic Sensitivity Comparison Between Urinary Biomarkers 
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Table 3: Sensitivity, Specificity, Inspection Time, and Cost of Urinary Biomarkers 

Variables Conventional 
Cytology 

5-ALA 
Cytology 

NMP-22 
TEST 

BTA TRAK 
TEST 

Sensitivity 55% 91% 60% 64% 
Specificity 98% 95% 89% 92% 

Positive Predictive Value (PPV) 97% 95% 86% 89% 
Negative Predictive Value (NPV) 67% 91% 68% 71% 

Accuracy 76% 93% 75% 78% 
Cohen's KAPPA (K) 0.4561 0.8745 0.4214 0.4917 

Inspection Time 1-2 days 180 min 300 min 240 min 
Cost (INR) 350-400 250 1000-1500 1000-1500 

 
4. DISCUSSION 
Although numerous new urine based test for the 
detection of bladder cancer are available. Invasive 
approach like cystoscopy is the number one diagnostic 
modality for the diagnosis new or recurrent bladder 
carcinoma.Non-invasive methods likevoided urinary 
cytology remains the most established non-invasive 
method for detecting bladder cancer. However, this 
method has several drawbacks including low sensitivity, 
low-cost effectiveness, a lack of inter observer 
variability, and technical instability [17]. Moreover, its 
sensitivity is low: between 11% and 76% in various 
studies [18]. Several factors affect the sensitivity of 
cytology, including specimen quality, number of 
exfoliated cells and pathologist expertise. The overall 
low sensitivity of cytology is due to its low sensitivity in 
detecting low-grade bladder tumours. Non-invasive 
urine markers can offer an alternative to the standard 
mode of detecting bladder cancer or they can be used as 
an adjunct to cystoscopy [19]. In addition, cytological 
evaluation is subject to the pathologist’s experience. 
The limitations of both techniques led to the 
development of several urine-bound tests for the early 
diagnosis of bladder cancer [20]. For this purpose, new 
bladder cancer markers have recently been introduced 
into clinical practice. 
Currently, 5-ALA is approved as a photosensitizer of 
photo dynamic diagnosis (PDD) for carcinoma around 
the world. For example, ALA as an optical imaging 
medicine was approved to enhance intraoperative 
detection of malignant glioma and also to detect bladder 
cancer [21]. A recent report on 5-ALA staining of urine 
specimens in an extracorporeal exposure showed PDD 
sensitivity to be effective compared with conventional 
cytology in BT (82% vs. 49%, respectively), 
particularly in low-grade and low-stage tumors, and to 
have comparable specificity (80% vs. 100%, 
respectively) [14]. However, they studied a small 

number of patients (61 with BT only), and there were 
some limitations in that conventional cytology for low-
grade BT had very low sensitivity (18%), and the details 
of the non-cancer group were not described. For NMP-
22 test, Research has found that patients with bladder 
cancer may have urinary levels of NMP22 that are 25-
fold greater than levels in healthy subjects [22]. 
Similarly, BTA TRAK assay have so far been promising, 
with the finding of an overall sensitivity of about 70%. 
Conversely, urine cytology sensitivity is much lower in 
the same authors’ experience, never exceeding 44% 
[23]. 
The present study included more patients (n = 250). 
Our results indicated that the sensitivity of 5-ALA-
induced fluorescent cytology was significantly higher 
than that of conventional cytology, NMP-22 test and 
BTA TRAK test, especially for tumours of pTa stage and 
low-grade tumors. In Low and High Grades and Ta, T1 
stages, the sensitivity between 5-ALA cytology and the 
other two tests is more evident, not only in our series 
(sensitivity 95% in Ta and 95% in T1; 82% in LG and 
97% in HG with 5-ALA cytology) but also in the studies 
by Yamamichi et al.7In all the three tests, a gradual 
improvement in the sensitivity with increasing grade 
and stage was noted, as similar to other comparison 
studies [24,  25]. 
Some reports indicated that the false-positive findings of 
5-ALA cytology can be induced by several factors such 
as infection, inflammation, hyperplasia, and 
inexperience [26]. There were only six cases of false 
positives by 5-ALA cytology in the present study, 
probably because of inflammation associated with 
infection and calculi. There are couple of possible 
reasons for this, the first cellular components in the 
voided urine specimen, and the second being that 
urinary cellular components together with the cancer 
cells expired out over the passage of time from sample 
pooling to pathological examination. In this case, those 
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most cancers cells can notably lose their mitochondrial 
metabolic action, and therefore, 5-ALA cannot be 
metabolized. To prevent the death of these cancer cells 
in the present study, we treated the extracorporeal ALA 
culture within 1 h of collecting the urine samples. 
There are some limitations in this study. Our study is a 
prospective study of patients from a single institution, 
and thus, the present results need to be validated in 
other cohorts to definitively identify the high diagnostic 
efficacy of 5-ALA-induced fluorescent urine cytology 
for UC. With an objective to find reliable, non-invasive 
technique for the diagnosis of bladder cancer, all the 
voided urine samples of patients were evaluated for 
NMP-22, BTA-TRAK, conventional cytology, and 5-
ALA cytology. When the clinical history and 
examination is suspicious/suggestive of bladder cancer, 
a non-invasive diagnostic procedure may lead to an 
immediate diagnosis surpassing the need of cystoscopy 
and biopsy. In the follow-up of superficial bladder 
cancer patients, the ability of a urine test to detect a 
tumor recurrence could be a useful tool for the 
selection of cases to be submitted for control 
cystoscopies [25]. 
There is an unmet need for a simple reliable test that can 
screen a patient, serve as a diagnostic test, reduce the 
number of unnecessary biopsies creating less morbidity, 
decrease the healthcare costs and play a vital role in the 
determination of the effectiveness of therapeutic 
interventions. An ideal biomarker to detect bladder 
carcinoma should be (i) cost-effective, tangible, fast to 
process, and easy to interpret, with high sensitivity and 
specificity (ii) reduce the need for frequent invasive 
procedures; (iii) exclude recurrence; (iv) detect 
progression towards invasive disease; (v) predict 
effective treatment response [28, 29]. From our study 
we have clearly seen that the sensitivities and NPVs of 5-
ALA induced cytology is higher than the conventional 
methods such as urine cytology, detection of BTA-
TRAK and NMP-22. Our results are comparable with 
those obtained by other investigators. Our study with 5-
ALA cytology is simple, reliable, feasible and efficient 
way to diagnose BC and can easily be done in most of 
the centres dealing with patients of BC. 
 

5. CONCLUSION 
In conclusion, 5-ALA based fluorescent cytology in the 
detection of bladder cancer in voided urine sample 
represents a set of novel diagnostic assays that can be 
employed for an early and accurate detection of BC, 

with highest sensitivity as compared to other routine 
methods. These can also efficiently detect low-grade 
urothelial tumors by showing positivity in different 
filters. Our study was a single-centred assessment and 
needs to be validated in other cohorts & multiple 
centres. We suggest validation and inscription of these 
markers in urine as independent diagnostic tests or in a 
panel to be recommended as these may play a vital role 
in early detection and diagnosis of bladder cancer.  
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Abstract---Background: The knee being the largest joint in the human 

body withstands complex forces which are exerted during various 

activities, rendering it prone to a number of acute and chronic 
injuries.  It is also one of the most frequently injured joints, whether 

as an isolated injury or as a component in a multiple trauma patient.  

Aim and. Objectives: The objective of the present study was to 

evaluate the incidence of various ligamentous and meniscal injuries of 

post-traumatic knee joint. Materials and Methods: Once a patient 
fulfilled the inclusion criteria for this study he / she was administered 

the predesigned / pretested proforma. Demographic characteristics of 

the study population such as age, sex were obtained through an 

interview. The patients were then briefed about the procedure i.e. 

about the noise of the gradient coils and need to control the body 

movements for successful image acquisitions. The patient is asked to 
lie in supine position with the knee in close relation to the knee coil.  

The knee is then externally rotated 15-20° and is also minimally flexed 

5-10°. Statistical Analysis: The data obtained was coded and entered 

into Microsoft Excel Worksheet.  The categorical data was expressed 

as rates, ratios, proportions and percentages. Results: We found that 
the Anterior cruciate ligament was the most commonly torn ligament, 

77.5 % (n = 62), among the menisci the medical menisci (MM) tears 

were more common as compared to lateral menisci (LM), grade III tear 

was more common in both LM and MM, Medial Cruciate Ligament 

(MCL) was more commonly injured as compared to Lateral Cruciate 

Ligament (LCL), osseous/ osteochondral lesions were noted in 44 
patients (55%) majority of which were bony contusions and majority of 

the injuries were a combination of two or more injured components.  

https://doi.org/10.53730/ijhs.v6nS4.10899
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Discussion & Conclusion: Magnetic resonance imaging is valuable 

non-invasive, radiation free tool with multiplanar capabilities which 

not only provides precise information in localizing and characterizing 
the internal derangements among the patients with trauma around 

the knee joint but is also helpful in identifying the exact extent of the 

injury and any other associated findings thus helping in the further 

management of the patient. We found that the Anterior cruciate 

ligament (ACL) was the most commonly torn ligament, 77.5 % (n = 

62), among the menisci the MM tears were more common as 
compared to LM, grade III tear was more common in both LM and 

MM, MCL was more commonly injured as compared to LCL, osseous/ 

osteochondral lesions were noted in 44 patients (55%) majority of 

which were bony contusions and majority of the injuries were a 

combination of two or more injured components. 
 
Keywords---post traumatic knee joint, ligament injuries, magnetic 

resonance imaging, meniscal injuries. 

 
 

Introduction  
 

The knee being the largest joint in the human body withstands complex forces 

which are exerted during various activities, rendering it prone to a number of 

acute and chronic injuries.  It is also one of the most frequently injured joints, 

whether as an isolated injury or as a component in a multiple trauma patient1. 
Trauma to the knee is a substantial cause of disease in the young, active 

individuals particularly amongst military personnel’s and athletes.  A precise 

diagnosis concerning the extent and type of injuries is indispensable for early 

non-operative as well as operative treatment.  This necessitates a precise clinical 

history, a thorough physical examination, and corresponding diagnostic tools.  

With the availability of enhanced surgical possibilities, precise imaging of the 
knee becomes all the more important2. 

 

MRI and arthroscopy are the most extensively used diagnostic modalities to 

evaluate the joint injury.  Arthroscopy, nonetheless accurate, is invasive and may 

cause complications3, 4.  Magnetic resonance imaging (MRI) has now been 
recognized as the unsurpassed imaging modality for non-invasive assessment of 

knee injuries. It has been reported to have an extraordinary diagnostic precision 

without involvement of ionizing radiation5. Since its induction for clinical use in 

the role of MRI in the analysis of knee injuries has been well recognized. MRI has 

proved consistent, safe and offers several benefits over diagnostic arthroscopy, 

which is at present looked upon as the reference standard for the diagnosis of 
internal derangements of the knee6. In the setting of trauma, post-traumatic 

inadequate range of motion and mechanical knee symptoms MRI is usually 

considered a valued diagnostic tool7.  It has made it possible to evaluate an 

injured knee non-invasively, subsequently evading invasive procedures and 

additional morbidity8. 
 

MRI is the best imaging modality for assessment of acute traumatic musculo-

tendinous injuries to the knee.  It can provide valuable information regarding the 
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extent and location of the injury along with related bone, meniscal, and 

ligamentous irregularities in patients with these traumatic lesions9. Knee joint is 

a compound type of synovial joint and owing to the absence of bony support, 

stability of the joint is vastly reliant on its supporting ligamentous structures, and 
consequently injuries of ligaments and menisci are exceedingly common10. The 

present study was an attempt to assess the types and incidence of injuries in 

traumatic knee joint by MRI. 

 

Aim & Objectives 

 
The objective of the present study was to evaluate the incidence of various 

ligamentous and meniscal injuries of post-traumatic knee joint. 

 

Materials & Methods 

 
Sample Size: A total of 80 patients fulfilling the selection criteria were studied. 

Patients who present with the history of trauma around the knee coming for MRI 

examination during the study period were enrolled. 

Sampling Procedure: A minimum sample of 60 patients who fulfill the selection 

criteria and advised to undergo MRI knee joint for evaluation of internal 

derangements of the knee during the study period was planned.  However, 80 
patients fulfilled the selection criteria and were enrolled in the study. 

Inclusion Criteria: All patients, of different age groups presenting with history of 

trauma to the knee joint, who are sent for magnetic resonance imaging of the 

knee. 

 
Exclusion Criteria: 

 

• Post-operative cases. 

• Patients with ferromagnetic implants, pacemakers and aneurysm clips. 

• Patients with major injuries like liver / splenic rupture and flail chest and 

patients with unstable vital parameters especially in the setting of trauma. 

 

Informed Consent: Patients fulfilling the selection criteria were informed about the 

purpose and nature of the study and were enrolled after obtaining a written 
informed consent. 

 

Data Collection 

 

Once a patient fulfilled the inclusion criteria for this study he / she was 

administered the predesigned / pretested proforma.  Demographic characteristics 
of the study population such as age, sex were obtained through an interview. The 

patients were then briefed about the procedure i.e. about the noise of the gradient 

coils and need to control the body movements for successful image acquisitions. 

The patient is asked to lie in supine position with the knee in close relation to the 

knee coil.  The knee is then externally rotated 15-20° (for better evaluation of ACL 
on sagittal images) and is also minimally flexed 5-10° (for better visualization of 

the patella-femoral compartment). 
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Imaging 

 

All patients underwent MRI of the knee joint using a using a dedicated knee coil 
on a Siemens 1.5 Tesla Symphony Magnetom class-MRI. An axial acquisition 

through the patella-femoral joint is used as the localizer.  The field of view is 

variable ranging from 14 to 16cms depending on patient’s size. The scan was 

carried out for all the patients using T2 PD Coronal / sagittal (TR: 4250 & TE 

107); T2 Axial (TR: 6680 & TE 115); TIRM Coronal (TR: 5240 & TE 70); T1 SE 

Coronal/Sagittal (TR: 600 & TE 15) ; STIR Coronal; STIR Axial; MEDIC FAT SAT 
Sagittal (TR: 1430 & TE 18), PD FAT SAT coronal / sagittal / transverse (TR: 2000 

& TE 18) sequences to evaluated the knee joint.  All the images were acquires 

with a slice thickness of 3.0mm. Statistical Analysis: The data obtained was coded 

and entered into Microsoft Excel Worksheet.  The categorical data was expressed 

as rates, ratios, proportions and percentages.  
 

Results 

 

We included a total of 80 patients based on inclusion and exclusion criteria were 

enrolled.  

 
Graph 1: Shows Gender wise distribution of subjects 

 

 
 

In the present study, majority were males 87.5 % (n = 70). The male to female 

ratio was 7:1 

 
Graph 2: Shows Side wise distribution of Subjects 
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Graph 3: Shows Age wise distribution of Subjects 

 

 
 

In this study, the maximum number of patients were in the age group between 

21-30 years 40% (n = 32) followed by age group 31-40 years 23.75%(n = 19). The 
mean age was 32 ± 9.4 years. 

 

Graph 4: Shows Duration of trauma of Subjects 

 

 
 

In this study maximum number of patients presented with an acute history of 
trauma to the knee i.e. 37.5% (n =30) belonged to less than week duration 

trauma. The second highest patient belonged to 1-2 weeks 21.25% (n = 17) 

followed by patients presenting after 6 months of trauma 17.5% (n = 14). 

 

Table 1: Shows spectrum of MRI findings 
 

MRI finding Number (Positive) Percentage (%) 

Joint Effusion 70 87.5 

ACL 62 77.5 

PCL 3 3.75 

MM 37 46.25 

LM 11 13.75 

MCL 14 17.5 
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LCL 12 15 

Osseous/ Osteochondral 

Lesion 

44 55 

 

In the present study, we see that the tear of anterior cruciate ligament was most 

frequently encountered, n= 62 followed by the tear of medial meniscus n=37. The 
medial meniscus is also the more commonly torn / injured menisci of the two. 

 

Table 2: Shows Combined / Multiple Injuries 

 

Number of injuries Number Percentage (%) 

One 31 38.75 

Two 20 25 

Three 18 22.5 

Four 7 8.75 

Five 4 5 

 

In the present study, single ligamentous injury was most commonly encountered 
38.75% (n=31) followed by injury two structures 25% (n=20). The least common 

injury was simultaneous injury to five structures 5% (n=4). 

 

Discussion 

 
Injury to the knee joint is an important cause of morbidity in the population 

affecting particularly the young active individuals.  Hence, a precise diagnosis 

concerning the type and extent of the injuries is mandatory for early operative or 

non-operative intervention.  This essentially requires a comprehensive clinical 

history coupled with a thorough physical examination and a complementary 

imaging tool.  
 

Conventionally, the injuries around the knee joint were assessed clinically, and 

were subjected to radiographs.  In modern times, MRI with or without a 

subsequent arthroscopic procedure has become the state of the art imaging 

modality.  The knee can be imaged with many different imaging modalities: 
radiography, ultrasound, bone scintigraphy, CT scan, arthroscopy & MRI.  The 

MRI is being used as both a pre and post-operative evaluative method.  Since the 

1990’s MRI has been the modality of choice for imaging the internal 

derangements of the knee joint. MRI has become a valuable tool in the 

determining the treatment plan in 18% of patients and therefore permitting earlier 

surgical intervention based on the diagnosis obtained. Development of newer 
sequences have contributed to an improved SNR (signal to noise ratio) along with 

higher resolution and reduced artifacts as well as shorter imaging times, 

accentuating the diagnostic accuracy.  The traditional algorithm for diagnosis of 

knee joint pathology has been changed by the use of MRI.  Because of MRI it is 

possible to visualize into the injured knee noninvasively hence evading invasive 
procedures and additional morbidity. 

 

In the present study, males outnumbered females i.e. 87.5% of the patients were 

males and 12.5% were females with male to female ratio as high as 7:1.  These 

ratios are alike to the ones in the study conducted by Clayton et al.11 The 
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probable reason for male predominance over the females can be credited to 

increased tendency of road traffic accidents and more sports related activities.  

The left knee joint was more commonly affected 56.5% whereas the right knee 

was affected in 43.5% of the study group. The age distribution analysis showed a 
wide range with the youngest patient 17 years of age and the eldest of 65 years of 

age.  The maximum numbers of patients were ranging between 21 to 30 years of 

age while the second largest group of patients belonged to the age group between 

31 - 40 yrs.  The age distribution in our study is similar to the results of 

previously carried out studies by LaPrade et al12, Incesu et al13 with a mean age of 

24 - 36 years.  This can be attributed to the fact that young individuals have a 
relatively more active life style and hence have a higher risk of sustain an injury 

to the knee joint.  

 

Joint effusion was the most common finding, with as many as 87.5% of the study 

group being affected by it.  Of the ligamentous and meniscal injuries, the anterior 
cruciate ligament was the most commonly injured (in 61 patients out of 80: 

76.25%) and medial meniscus was the second most commonly injured (in 37 

patients out of 80: 46.25%) with grade III injury being the most common subtype.  

Cruciate ligament Injury: The ACL was the most commonly injured ligament in 

our study with a total of 62 patients out of 80 (77.5%) sustaining ACL tear which 

is consistent with a study by Singh JP et al. In our study, partial tear of the ACL 
was more commonly encountered 53.25% as compared to the complete tear 

47.6% which is in accordance to the previous studies conducted by Singh JP et 

al14 and Berquist et al15 which had 66.6% and 90.0%, respectively, of partial ACL 

tears in all the patients sustaining ACL tear in their studies.  The higher ratio of 

complete ACL tear in our study could be attributed to the increased severity of the 
injury from the road traffic accidents. The posterior cruciate ligament injury is 

less common as compared to the ACL because it is the stronger and thicker of the 

two.  In our study posterior cruciate ligament injuries were comparatively 

uncommon, in our study it was seen in only 3 patients (3.75%).  Of the 3 patients 

one had a partial tear with intra substance hyper intensities whereas two patients 

had a full thickness tear with non-visualization of its either attachment.  The 
findings in our study are in agreement to the study conducted by Sonnin et al. 

 

Collateral ligaments injury: In our study, MCL tears (17.5%) were found to be 

more common than the LCL tear (15%).  All but two cases were supplementary 

with multiple musculo-tendinous injuries which recommends presence of a 
solitary injury ought to prompt the examiner to evaluate for other delicate 

associated injuries, which is in accordance to the findings made by Mink JH et 

al.16 The medial collateral ligament tear is in agreement with the results of Adil I 

N17 which showed MCL tear in 18% of the patients in study group of 50 patients. 

Medial collateral ligament tear was noted in 14 patients, out of which 5 (35.7%) 

had grade I tear, 7 had (50 %) grade II tear and 2 had (14.3 %) grade III injury, 
this is in agreement with study by Schweitzer M et al18 on 76 patients, who found 

out that maximum number of medial collateral ligament tear belonged to grade II.  

 

Menisci Lesions 

 
In our study, there is preponderance of medial meniscal tears, 46.25% over lateral 

meniscal tears, 13.75% which is well correlated with the study conducted by 
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Singh JP et al, in a series of 173 cases of which they found 57 (38.23%) patients 

having MM tear and 28 (29.41%) patients having LM tear. Similarly in our study, 

medial meniscal tears were found in 37 patients (46.25%) with no patients of 
Grade I tear, Grade II tear in 3 patients (8.1%) and Grade III in 34 patients 

(87.8%) and lateral meniscal tear in 11 patients (13.75%) with Grade I tear in 1 

patient (9.1%), Grade II tear in 3 patients (27.3%) and Grade III in 7 patients                     

(63.4%).  Grade III tears being more common in both the menisci which can 

attributable to the severity of trauma and more number of cases due to road 

traffic accidents.  In our study, the posterior horns of both medial and lateral 
meniscus were more frequently injured as compared to the anterior horn. 

 

Osseous and Osteochondral Injuries 

 

Our study showed Osseous/Osteochondral lesions in 44 patients (55.0%).  
Majority of the lesions were bony contusions involving the femoral and tibial 

condyles.  Osteochondral lesions are seen in 12 patients. Hemarthrosis and 

lipohemoarthrosis was associated in five cases, three of with had comminuted 

fractures.  These findings are in correlation with the findings described by 

Thomas H. Berquist.  

 
Combined Injuries 

 

In our study, we observed 49 cases of combined injuries and 31 cases of isolated 

injuries.  The leading pattern is ACL tear with MM tears (22); trailed by ACL tear 

with LM tear (11), which is well in correlation with a study by Ali Akbar Esmaili 
Jah et al, in a series of 17 cases of concomitant injuries at MRI and arthroscopy.  

The predominant pattern was anterior cruciate ligament rupture and medial 

meniscus tear (5 patients), followed by anterior cruciate ligament and lateral 

meniscus (4 patients), or anterior cruciate ligament + medial meniscus + lateral 

ligament (4 patients). The present study showed the capability of magnetic 

resonance imaging in assessment of the various internal derangements, together 
with their detection, localization, characterization and evaluation of extent of 

damage, hence, confirming the value of MRI in assessing internal knee structures.  

 

Conclusion 

 
Magnetic resonance imaging is valuable non-invasive, radiation free tool with 

multiplanar capabilities which not only provides precise information in localizing 

and characterizing the internal derangements among the patients with trauma 

around the knee joint but is also helpful in identifying the exact extent of the 

injury and any other associated findings thus helping in the further management 

of the patient. We found that the Anterior cruciate ligament was the most 
commonly torn ligament, 77.5 % (n = 62), among the menisci the MM tears were 

more common as compared to LM, grade III tear was more common in both LM 

and MM, MCL was more commonly injured as compared to LCL, osseous/ 

osteochondral lesions were noted in 44 patients (55%) majority of which were 

bony contusions and majority of the injuries were a combination of two or more 
injured components. 
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Abstract 

 
Introduction: Postpartum haemorrhage (PPH) is a preventable cause of maternal mortality 

and Active management of the third stage of laborious considered a gold standard for the 

management and prevention of PPH. Oxytocics like Oxytocin, Carbetocin, Methergin and 

Misoprostol are the mainstays of the management of PPH. When medical methods fail 

intrauterine balloon, tamponade has been suggested as an effective uterine conserving 

procedure, minimally invasive and requires less skill. The purpose of this study was to 

determine the indications, complications and effectiveness of Bakri balloon insertion 

performed at the tertiary care teaching hospital. 

Patients and Methods: All cases of Bakri balloon insertion done between 1-01-2020 to 31-

12-2021 at the Department of Gynecology and Obstetrics were retrospectively collected. The 

study group included women for whom the balloon was inserted vaginally and after caesarean 

delivery when medical methods fail to control PPH and PPH following Placenta previa. 

Demographic data, clinical characteristics, indications of Bakri balloon, amount of normal 

saline used, duration of Bakri balloon inside uterus, complications and effectiveness of Bakri 

balloon were studied. 

Results: There were 24 patients who underwent Bakri balloon insertion. 14 patients were 

delivered by Cesarean section and 10 patients were delivered by vaginal delivery. 16 were 

multigravida and the majority were from the rural population. The most common indication 

for a Bakri balloon in our study is the Atonic uterus. The Bakri balloon was effective in 

83.33%. (20/24). Out of 4 women, two women required emergency peripartum hysterectomy 

and 2 women expired. 

Conclusion: The Bakri balloon was highly effect vein our study and can be used when 

medical management fails. It reduces the need for peripartum hysterectomy and saves woman 

reproductive function. It avoid sun necessary blood product transfusion and reduces the 

duration of hospital stay. 

 

Keywords: Bakri balloon, postpartum haemorrhage, Cesarean section, vaginal delivery 
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Introduction 

 

According to LAQSHYA guidelines, Postpartum haemorrhage (PPH) is defined as blood loss 

of more than 500 ml in vaginal delivery and 1000ml in Cesarean section or one pad soaked in 

5 minutes or any bleeding sufficient to cause signs of hypovolemic shock. PPH is an obstetric 

emergency that can complicate vaginal or cesarean deliveries and accounts for 25% of all 

maternal deaths worldwide [1]. PPH is a preventable cause of maternal mortality and Active 

management of the third stage of labour is considered a gold standard for the management 

and prevention of PPH. Oxytocics are the mainstay of the management of PPH. The most 

effective oxytocic used for medical management are Oxytocin, Carbetocin, Methergine, 

Misoprostol and Carboprost. Failed medical management define as PPH failure to respond to 

the medical management and requires second-line treatment in the form of balloon 

tamponade, compression sutures, step-wise devascularization of uterine artery and peripartum 

hysterectomy [2]. 

Intrauterine balloon tamponade has been suggested as an effective uterine conserving 

procedure, minimally invasive and requires less skill. It can save the patient from surgical 

intervention and may temporarily stop the bleeding while transferring the patient to a tertiary 

hospital [3]. LAQSHYA guidelines for the management of PPH also recommend the use of 

Intrauterine balloon tamponade for atonic PPH or refractory PPH when medical management 

fails [4]. In India there is a smaller number of studies on the Bakri balloon because of its cost. 

The purpose of this study was to determine the indications, complications and effectiveness 

of Bakri balloon insertion performed at the tertiary teaching hospital and to compare the 

results with literature data. 

 

Patients and Methods 

 

All cases of Bakri balloon insertion done between 1-01-2020 to 31-12-2021 at Department of 

OBG, at our center were retrospectively collected. Our hospital is a tertiary facility that serves 

as a reference centre for obstetric complications. We have got institutional ethical clearance. 

The study group included women for whom the balloon was inserted vaginally and after 

caesarean delivery. 

 

Inclusion criteria 

 

All patients having atonic PPH with failed medical management and PPH following placenta 

previa.  

 

Exclusion criteria 

 

1. Traumatic PPH 

2. Coagulation disorder 

3. Uterine anomaly 

4. Infection of the genital tract. 

 

If it is a vaginal delivery balloon that was inserted into the uterine cavity with a sponge 

holding forceps after the introduction of Sim’s speculum into the vagina and holding the 

anterior lip of the cervix with sponge holding forceps. Vaginal packing was done and Normal 

saline 250 to 500 ml was inserted till bleeding was arrested. During the cesarean section, the 

balloon was inserted through the uterine incision, uterine closure was done and then normal 

saline was inserted 200ml to 400 ml after packing the vagina. The balloon drainage end was 

connected to a fluid bag to monitor blood loss. The procedure was successful if the bleeding  
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is stopped after the balloon was inflated. After 12 to 24 hours Bakri’s balloon slowly deflated 

and was removed. The balloon was deflated slowly at a rate of 50 ml in 30 minutes. After 

deflating completely Bakri balloon and vaginal packing were removed. Antibiotic coverage is 

given to all women. Blood transfusion was given whenever there is a requirement. All 

patients were kept in a high dependency unit or Obstetric intensive care depending on the 

condition. All patients were catheterized with Foley's catheters. Demographic data, clinical 

characteristics, indications for Bakri balloon, amount of normal saline used, duration of Bakri 

balloon inside uterus, complications and effectiveness of Bakri balloon were studied. The 

data were entered into Microsoft Excel and statistical analysis was done using SPSS software 

version 20.0 Chicago, Armonk, NY, USA. 

 

Results 

 
Table 1: Demographic characteristics 

 

Characteristics No of Patients % of Patients 

Age group 

< 20 yrs. 02 8.33 

20-24 yrs. 11 45.83 

25-29 yrs. 09 37.5 

30+ yrs. 02 8.33 

Parity 

Primigravida 08 33.33 

Multigravida 16 66.66 

Location 

Rural 15 62.5 

Urban 09 37.5 

 
Table 2: Indications for Bakri balloon 

 

Indication No of Patients % of Patients 

Atonic uterus 20 83.33 

Placenta previa 3 12.5 

Inversion of uterus 1 4.16 

 
Table 3: Risk factors for PPH 

 

Risk factors No of Patients % of Patients 

Abruption 06 25 

Pregnancy-induced hypertension 05 20.83 

Prolonged labour 05 20.83 

Previous LSCS 03 12.5 

Placenta previa 03 12.5 

Instrumental delivery 01 4.16 

Inversion of uterus 01 4.16 

 
Table 4: Mode of delivery 

 

Mode of delivery No of Patients % of Patients 

Cesarean section 14 58.33 

Vaginal delivery 10 41.66 
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Table 5: Demographic of the subjects 
 

Parameters Vaginal delivery Cesarean section 

Amount of Normal saline inserted 
375-ml 

(range 250 ml to 500 ml) 

314.28 ml 

(Range 200 ml to 400 ml) 

Duration of Bakri balloon inside uterus 
21.1 hrs. 

(Range 12 hrs. to 24 hrs.) 

20.8 hrs. 

(Range 14 hrs. to 24 hrs.). 

Duration of hospital stay 4 (3-7Day) 7 (7-14Day) 

Mean Hb 8.2 gm/dl 7.3 gm/dl 

 

In the study period from 1-01-2020 to 31-12-2021, there were a total of 8419 deliveries. 

There were 24 patients who underwent Bakri balloon insertion. The mean age of the patient 

was 23.83 (range 19 to 35 years) 16 were multigravida and the majority were from the rural 

population. The mean gestational age was 37.6 weeks (range from 36 weeks to 41 

weeks).The demographic profile is shown in Table 1. The most common indication for a 

Bakri balloon in our study is the Atonic uterus. Table 3 shows Risk factors for PPH. The most 

common risk factors were Abruption, Pregnancy-induced hypertension and prolonged labour. 

Table 4 shows the mode of delivery. 14 patients were delivered by Cesarean section and 10 

patients were delivered by vaginal delivery. 

 

 
 

Fig 1: Transfusion of blood products 

 

Figure 1 shows the transfusion of blood products. 16 patients received PRBC and 8 patients 

did not require any blood products. Table 5, the mean normal saline used in our study is 

344.64 ml. The mean volume of normal saline used in vaginal delivery-375-ml (range 250 ml 

to 500 ml) and in the Cesarean section is 314.28 ml (range 200ml to 400 ml). Duration of 

Bakri balloon in vaginal delivery 21.1 hrs. (Range 12 hrs. to 24 hrs.) And in Cesarean section 

20.84 hrs. (Range 14 hrs. to 24 hrs.). The duration of hospital stays is less in vaginal 

deliveries. Complications associated with the Bakri balloon were spontaneous expulsion in 

one patient and sepsis in two patients. Outcome- According to our definition effectiveness is 

defined as the control of PPH not requiring any further surgical intervention. The Bakri 

balloon was effective in 83.33%. (20/24). Out of 4 women, two women required emergency 

peripartum hysterectomy and 2 women expired. One woman died due to Hypovolemic shock 

with multi-organ failure and the other woman died because of disseminated intravascular 

coagulation. 
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Discussion  

 

In our study, a Bakri balloon was inserted by a trained obstetrician and all women were 

treated with a Bakri balloon donated by the jivadaya foundation (Cook medical company, 

USA). 

The majority of women who had Bakri balloon insertion was less than 25 years and the mean 

age is 23.83 (range 19 to 35 years) This was similar to a study done by Rajat Sharma et al. [5] 

The mean gestational age in our study was 37.6 weeks whereas the study done by Rajat 

Sharma et al. Mean gestational age was 35.3 weeks [5]. The common indication for Bakri 

balloon insertion in our study is uterine atony (83.33%) and uterine atony was the underlying 

cause of PPH in 75% (9/12) of studies in the review study done by Cara. E. Wright Ms et al. 
[6]. It is different from a study done by Laura et al. where from placental implantation site and 

bleeding from lower segment were common indications [7]. 

The mean volume of normal saline is 344.64 ml (range from 200 ml to 500 ml) which is 

similar to the study done by Rajat Sharma et al. and Alouini et al. [5, 8]. In our study majority 

of cases were after the caesarian section (14/24) and it was observed similarly in a study done 

by Laura et al. where it was observed in 19 cases [7]. In a review study done by Ahmed Said 

Ali et al. they have given a Bakri balloon a less effective tool for the management of PPH 

either after normal or caesarian delivery [3]. In our study it was highly effective (83.33%) 

which is different from Yoong et al. and Nelson et al. where it is 100% when they have used 

uterine compression sutures with Bakri balloon [9, 10]. 8.33% Required surgical intervention in 

the form of peripartum hysterectomy (in both cases blood loss of more than 500ml in the 

drainage bag) which was different from the study done by Rajat Sharma et al. where it was 

15.38% and required surgical intervention like uterine devascularization and compression 

sutures [5]. Maternal mortalities in our study were 8.33% where as it is Nil in a study done by 

Yoong et al. and Nelson et al. [9, 10] The intrauterine balloon is less invasive, faster and more 

straightforward to perform; all of these features make this method a useful option as a first 

step in the conservative management of PPH [7]. Limitations of our study are it was a 

retrospective study and includes small sample size. 

 

Conclusion 

 

The Bakri balloon was highly effective and can be used when medical management fails. 

Along with Bakri balloon insertion, blood product transfusion and intensive care monitoring 

were associated with good maternal outcomes. It reduces the need for peripartum 

hysterectomy and saves woman reproductive function. It avoids unnecessary blood product 

transfusion and reduces the duration of hospital stay. It can be inserted by nursing officers 

after vaginal delivery after training and can be used as a temporary method while shifting 

patients from the periphery to the higher centre. Regular practice training for Bakri balloon 

insertion should be undertaken in order to prevent PPH-related maternal mortality. Hence it is 

a life-saving procedure. 

 

Compliance with ethical standards 

Conflict of interest 

 

The authors declare a conflict of interest as none. 

 

References 

 

1. World Health Organization. Attending to 136 million births, every year: make every 

mother and child count: The World Report 2005. Geneva, Switzerland: WHO. 2005;3:62. 



2584 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 02, 2022 ISSN 2515-8260 

 
 
 
 
 

  

 

 
 

2. WHO recommendations for the prevention and treatment of post-partum hemorrhage. 

2012. Available from 

http:/apps.who.int/iris/bitstream/handle/10665/75411/9789241548502-eng.pdf; 

jsessionid=F644CEAFE698307A56B913BBDB23EE9/sequence=1 

3. Said Ali A, Faraag E, Mohammed M, Elmarghany Z, Helaly M, Gadallah A, et al. The 

safety and effectiveness of Bakri balloon in the management of postpartum haemorrhage: 

A systematic review. The Journal of Maternal-Fetal & Neonatal Medicine. 2021 

Jan;34(2):300-7. 

4. Guidance note on prevention & management of postpartum hemorrhage pdf. 2021. 

Available from http://nhm.gov.in/images/pdf/programmes/maternal-

health/guidelines/guidance_note_on_prevention_&_management_of postpartum 

hemorrhage 

5. Sharma R, Sirsam SS, Koranne PS, Wahane AR. Balloon Tamponade: A Novel 

Innovation in the Management of Refractory Postpartum Hemorrhage at Tertiary Care 

Center: A Study from Central India. Journal of South Asian Federation of Obstetrics and 

Gynaecology. 2021 Jul;13(4):222. 

6. Wright CE, Chauhan SP, Abuhamad AZ. Bakri balloon in the management of postpartum 

hemorrhage: A review. American journal of perinatology. 2014 Nov;31(11):957-64. 

7. Aibar L, Aguilar MT, Puertas A, Valverde M. Bakri balloon for the management of 

postpartum hemorrhage. Acta Obstetricia et Gynecologica Scandinavica. 2013 

Apr;92(4):465-7. 

8. Alouini S, Bedouet L, Ramos A, Ceccaldi C, Evrard ML, Khadre K. Bakri balloon 

tamponade for severe post-partum haemorrhage: efficiency and fertility outcomes. Journal 

de Gynecologie, Obstetrique et Biologie de la Reproduction. 2014 Jun;44(2):171-5. 

9. Yoong W, Ridout A, Memtsa M, Stavroulis A, AREF‐ADIB ME, RAMSAY‐

MARCELLE ZE, et al. Application of uterine compression suture in association with 

intrauterine balloon tamponade (‘uterine sandwich’) for postpartum hemorrhage. Acta 

obstetricia et gynecologica Scandinavica. 2012 Jan;91(1):147-51. 

10. Nelson WL, O’Brien JM. The uterine sandwich for persistent uterine atony: combining 

the B-Lynch compression suture and an intrauterine Bakri balloon. American journal of 

obstetrics and gynecology. 2007 May;196(5):e9-10. 
 
  

Accepted on 24/05/2022 



3324 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 04, 2022 ISSN 2515-8260 

 
 
 
 
 

 

Original Research Article 
 
 

COMPARISON OF FRACTIONATED DOSE VERSUS BOLUS 

DOSE INJECTION OF HEAVY BUPIVACAINE WITH 

FENTANYL IN SPINAL ANAESTHESIA FOR PATIENTS 

UNDERGOING ELECTIVE CAESAREAN SECTION: ONE 

YEAR RANDOMIZED CLINICAL TRIAL 
 

1
Dr. Ashwini K, 

2
Dr. Lakshmi KS, 

3
Dr. Kedareshvara KS

 

 
1
Registrar in Apollo, First Med Hospital, Chennai, Tamil Nadu, India 

2
Assistant Professor, Department of Obstetrics and Gynaecology, Belagavi Institute of 

Medical Science, Belagavi, Karnataka, India 
3
Professor, Department of Anaesthesia, Jawaharlal Nehru Medical College, KLE Academy of 

Higher Education and Research University, Belagavi, Karnataka, India 

 

Corresponding Author:  

Dr. Ashwini K 

 

Abstract 

 
Background and Aim: Maternal hypotension is the common complication encountered after 

subarachnoid block (SAB). 

This needs attention and treatment for the better maternal and foetal outcome. Administration 

of SAB with bolus dose of local anaesthetic produce faster onset and precipitate maternal 

hypotension. Injecting fractionated dose provides dense block and haemodynamic stability. 

Aim of this study was to compare fractionated and bolus dose of SAB in terms of 

haemodynamic stability and duration of analgesia. 

Methodology: Eighty parturients undergoing caesarean delivery under SAB were included in 

the study. They were divided into Group B or F according to computer randomization. Group 

B parturients received bolus dose SAB with 2ml of 0.5% hyperbaric bupivacaine and 10µg of 

fentanyl. Group F parturients received fractionated dose of 2ml of 0.5% hyperbaric 

bupivacaine and 10µg of fentanyl. In which, from the total dose two-third was given initially. 

After 90 sec remaining one third of the dose was injected. Haemodynamic parameters and 

analgesia period were analyzed using Student’s unpaired t‑ test.   

Results: The haemodynamic parameters were better in group F than group B. The number of 

patients required vasopressor in group F were six and group B were seventeen. There was a 

prolonged analgesia period in group F than group B (214.40 + 15.48 and 195.95 + 8.98 min 

respectively). 

Conclusion: The patients in fractionated dose group were haemodynamically better with 

longer analgesia period than bolus dose group. It is a newer technique to prevent maternal 

hypotension after SAB. 

 

Keywords: Fractionated-dose, hypotension, caesarean section 
 

Introduction 

 

The subarachnoid block (SAB) is the preferred anaesthetic technique used in pregnant women 

undergoing lower segment caesarean session (LSCS). It is the most used method because of 

its rapid onset and postoperative analgesia. Pregnant women have profound hypotension with 

spinal anaesthesia because of anatomical and hormonal changes in pregnancy. Incidence of 

hypotension among pregnant women is 92%-94% without any preventive measures 
[1]

. 

Maternal hypotension compromises uteroplacental blood flow leading various complications 
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in the foetus 
[2, 3]

. 

In SAB, administration of hyperbaric bupivacaine in bolus dose cause high sympathetic block 

and produce profound hypotension. Whereas administration of hyperbaric bupivacaine in 

fractionated dose provide dense block with better haemodynamic stability 
[4]

. 

In LSCS, adding opioid like fentanyl to intrathecal injection reduces the volume of hyperbaric 

bupivacaine and improves the intensity and quality of spinal anaesthesia. The combined 

effect of fentanyl and bupivacaine provides prolonged analgesia 
[5, 6]

. 

The present study is to compare haemodynamic changes and postoperative analgesia of 

fractionated dose versus bolus dose with hyperbaric bupivacaine and fentanyl in SAB for 

patients undergoing elective LSCS. 

 

Materials and Methods 

 

After obtaining the departmental research committee and institutional ethical board approval, 

written informed consent was taken from 80 patients undergoing elective c-section delivery 

under SAB. Parturients of ASA physical status-I and II, age between 18-40 yrs and height 

from 140-170 cm were included into the study. Multiple pregnancy, PIH, eclampsia and 

contraindication for SAB were excluded from the study. They were separated into groups B 

and group F using a computer-generated random number table.   

In preoperative holding area, 18-Gauge intravenous (IV) cannula was secured. Patient was 

administered with ranitidine 1mg/kg and ondansetron 0.1mg/kg. Preloading was done with 

ringer lactate 10-15 ml/kg. After shifting inside operation theatre standard non-invasive 

monitors like blood pressure (BP), pulse oximeter and ECG were attached. Baseline blood 

pressure, heart rate (HR) and oxygen saturation were measured.  

Patient was positioned in left-lateral position. Under sterile aseptic precaution, L3-L4 

intervertebral space identified. Skin was infiltrated with local injection with lignocaine 2%. 

Using 23 gauge Quincke spinal needle 2ml of 0.5% hyperbaric bupivacaine plus 0.2ml 

(10µg) of fentanyl was injected into L3-L4 subarachnoid space according to group B or group 

F. For group B patient drug was administered intrathecally as continuous bolus dose for 

10sec. Group F patient received the drug in fractionated dose. In which from total dose two 

third of the drug was given initially. Patient was maintained in same lateral position with 

spinal needle in situ, after 90 sec remaining one third of the drug was administered. Both the 

doses of drug were injected at the rate of 0.2 ml/sec. 

After injection of the drug, patient was put in supine position. Left uterine displacement was 

done by keeping pillow under right hip. Supplied with oxygen through face mask at 5L/min. 

The onset and level of motor and sensory block assessment were done. The sensory block 

level was assessed by performing pin prick test at mid axillary line. The sensory block onset 

was taken from the time of administration of the drug intrathecally to highest sensory level 

achieved. The motor block level was assessed with modified bromage scale. The motor block 

onset was taken as time to achieve bromage score of 3 from the time drug injected into 

intrathecal space. 

The procedure was converted to general anaesthesia if desired sensory or motor level fails to 

achieve and patient was excluded from the study. The blood pressure and heart rate were 

recorded immediately after giving spinal anaesthesia. There after it was recorded every 2 min 

for 10 min and then every 5min till 50 min. Hypotension was considered if blood pressure 

falls more than 20% from baseline reading and was treated with IV ephedrine 6mg. For each 

patient, the usage of ephedrine and episodes of hypotension were noted. Bradycardia was 

treated with 0.6mg of IV atropine. 

Immediately after baby delivery, 10U of IM oxytocin was given and another 10U of IV 

oxytocin was given in 500 ml of normal saline. Apgar score was noted at 1 and 5 min after 

baby delivery. Developments of side effects like shivering, pruritus, respiratory depression, 

nausea, vomiting and urinary retention were observed.   

Post operatively, vitals were recorded. The duration of motor, sensory block and analgesia 

were noted. The sensory block duration was considered from the time drug was injected 
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intrathecally to S2 segment regression. Motor block duration was taken from the time drug 

was injected into subarachnoid space till the time to achieve bromage score zero. Visual 

analogue scale (VAS) was used assess the pain. Duration of analgesia was time interval from 

local anaesthetic injected into subarachnoid space till the requirement of rescue analgesia. 

Intravenous 75mg of diclofenac was used as rescue analgesia. 

 

Results 

 
Table 1: Mean of age, height, weight 

 

 
GR OUP F G ROUP B 

P Value 
Mean Standard Deviation mean Standard Deviation 

Age (Years) 27.48 3.77 26.65 3.45 0.3105 

Height (cm) 152.85 3.68 151.80 3.11 0.1721 

Weight (kg) 60.38 5.24 60.65 6.07 0.8289 

  

The demographic profiles among the both groups were comparable. Group F patients, onset 

of sensory block was earlier than group B patients (3.45 + 0.96 min and 5.66 + 0.69 min 

respectively). 

This was statistically significant with P value of < 0.001. Motor block onset in group F was 

4.70 + 0.80 min and in group B was 7.80 + 0.78 min (p<0.001). Patients in group F were 

haemodynamically stable than group B. The mean arterial pressure values in group F were on 

higher range than group B but they were statistically not significant. The number of patients 

requiring intraoperative ephedrine in group F and group B were 6 and 17 respectively with P= 

0.0066. The time taken for sensory and motor block regression in group F (182.93 + 6.34 min 

and 172.25 + 7.86 min) were delayed than group B (174.85 + 8.36 min and 165.95 + 8.27 

min) with was highly significant. Group F and group B had duration of analgesia of 214.40 + 

15.48 and 195.95 + 8.98 min respectively (p<0.0001). APGAR score at 1 and 5 min was not 

statistically significant in both the group. The adverse effects like respiratory depression, 

pruritus and headache were not observed in both the groups. 

 
Table 2: Characteristics of sensory and motor block 

 

 Group F Group B  

 Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

P 

Value 

Onset of sensory block (min) 3.45 0.96 5.66 0.69 <0.001 

Onset of motor block (min) 4.70 0.80 7.80 0.78 <0.001 

Sensory regression (min) 182.93 6.34 174.85 8.36 <0.001 

Motor regression (min) 172.25 7.86 165.95 8.27 0.0008 
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Graph 1: Comparison of Mean arterial pressure (MAP) at different time intervals (mm of Hg) 

  

 
 

Graph 2: Number of patients requiring ephedrine 
  

 
 

Graph 3: Duration of analgesia (min) 

  
 

 
 

Discussion 

 

The subarachnoid block is the anaesthetic method of choice for pregnant women undergoing 

LSCS. It provides a quicker onset of action with adequate sensory and motor block. But the 

main disadvantage of this technique is maternal hypotension with adverse neonate outcome.
 

Various non-pharmacological and pharmacological methods were studied to prevent 

hypotension in the mother after SAB 
[7]

. 

Our study was conducted to analyze the haemodynamic stability with single bolus dose of 

bupivacaine in SAB to the divided dose (fractionated dose) of bupivacaine along with 

fentanyl for pregnant women undergoing LSCS and the quality of sensory and motor block 

among them.  

Badheka JP et al. 
[8]

 conducted a study comparing fractionated and bolus dose injection of 

spinal anaesthesia in pregnant women. He found that patients in fractionate group were 

haemodynamically more stable than bolus dose group patients. Five patients required 
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vasopressor in fractionated group whereas fourteen patients needed the same in bolus dose 

group. The study concluded that giving bupivacaine in divided dose provides dense block 

leading to haemodynamic stability in fractionated group.   

In a study conducted by Monika Gandhi et al. 
[9]

 haemodynamic parameters were analyzed 

between fractionated and bolus dose injection of bupivacaine in SAB. They concluded that 

patients were haemodynamically more stable in fractionated group than bolus dose group. 

The numbers of people requiring vasopressor in fractionated and bolus dose group were 15 

and 39 respectively. Another randomized control trial was conducted by Ramasali Manjula V 

et al. 
[10]

 compared haemodynamic parameters like HR, BP and MAP between fractionated 

group and bolus dose group. The study was done on 60 patients undergoing elective LSCS. 

They concluded that HR, BP and MAP of the patients in fractionated group were on a higher 

range than bolus group. 

Fahmy et al. 
[4]

 conducted a study comparing circulatory effect and duration of analgesia in 

divided dose and single-dose subarachnoid block. From the study, they obtain that patient in 

divided dose group have a better circulatory effect than single-dose group. The duration of 

analgesia was longer in fractionated group. 

In our study, pregnant women in fractionated group were haemodynamically more stable than 

in bolus dose group. Even though it was not statistically significant, the blood pressures in 

fractionated group were on higher range. Six persons required vasopressor in fractionated 

group whereas in bolus group seventeen persons required the same. Injecting local 

anaesthetic in divided dose into subarachnoid space provides dense block. This explains the 

haemodynamic stability in fractionated group. 

The onsets of sensory and motor block were faster in our study. The onset of sensory block in 

fractionated and bolus dose was 3.45 + 0.96 min and 5.66 + 0.69 min respectively. The onset 

of motor block was 4.70 + 0.80 and 7.80 + 0.78 min in fractionated and bolus dose group 

respectively. This result correlates with the study performed by Monika Gandhi et al. 
[9]

 The 

onset of sensory block was early in fractionated group (71.53 + 5.66 sec) than bolus group 

(88.950 + 4.51 sec). The onset of motor block was also early in fractionated group than bolus 

group (88.95 + 4.51 sec and 116.20 + 2.56 sec respectively). 

The time taken for sensory regression in our study was 182.93 + 6.34 min in fractionated 

group which was delayed than bolus group (174.85 + 8.36 min). In Badheka JP et al. 
[8]

 study, 

the sensory regression was delayed in fractionated group (236 + 42 min) than bolus dose 

group (161 + 29 min). In another study conducted by Deepak K et al. 
[11]

 found a delay in 

sensory regression in fractionated group than bolus group which was significant statistically 

(p<0.00001). 

In a study conducted by Nugroho AM et al. 
[12]

 haemodynamic effect and the level of sensory 

block were compared between fractionated and single-dose SAB for patients with 

hypertension associated with pregnancy. No difference was found in the MAP between the 

groups. The level of sensory block in fractionated group and single dose group were 52.4% 

and 42.9% respectively (not significant). This was explained by excessive vasoconstriction 

and vascular resistance in preeclampsia patients due to increased activation of inflammatory 

cytokines. In these patients, BP was maintained by excessive vasoconstriction despite of 

sympatholytic activity after SAB. So fractionated dose effect was limited here.  

Adding adjuvant like an opioid to bupivacaine in SAB provides longer duration of analgesia. 

It even reduces the dose of bupivacaine and maintains the volume of drug to achieve an 

adequate level of block. 10 to 25 µg of intrathecal fentanyl produce prolong sensory block 

and analgesia 
[13]

. Bupivacaine and fentanyl produce synergic action on intrathecal injection 
[5]

. Fentanyl blocks the nociceptive impulse by acting on a specific opioid receptor in the 

spinal cord. It modulates the C and A-delta fibers by opening potassium channel and causes 

hyperpolarization. Bupivacaine acts by blocking Na
+
 channel in the axon. The combined 

action of these drugs on nerve fibers produce an enhanced sensory block and increase the 

duration of analgesia with minimal side effects. This also reduces the volume of bupivacaine 

and produce haemodynamic stability 
[13]

. 

In our study, adding fentanyl to bupivacaine in both the groups increased the duration of 
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analgesia. In fractionated group, the duration of analgesia was longer than bolus dose group 

(214.40 + 15.48 min vs 195.95 + 8.98 min respectively). The longer duration of analgesia in 

the fractionated group was explained by the combined action of dense block produced by 

fractionated dose and intrathecal fentanyl. Lakshmi sowmya N et al. 
[13]

 compared duration of 

analgesia in fractionated and bolus dose group patients undergoing lower limb surgery. They 

found that fractionated group had prolonged duration of analgesia than bolus dose group. 

Sowmya N et al. 
[15]

 conducted a study, comparing two different doses (10 µg and 15 µg) of 

fentanyl with 10mg of heavy bupivacaine for caesarean section. They concluded that 15µg of 

intrathecal fentanyl produce the quicker onset of sensory block and prolonged analgesia. In 

our study, we decided to use 10µg of intrathecal fentanyl to avoid possible adverse effects 

related to them. 

In a study done by Jain K et al. 
[16]

 compared different dose of fentanyl with bupivacaine in 

pregnant women with pregnancy induced hypertension (PIH). The longer duration of 

analgesia was found in the group which received 20µg of intrathecal fentanyl. The side 

effects like respiratory depression, pruritis, nausea and vomiting were less in both 10µg and 

20µg of intrathecal fentanyl. In our study, no side effects occurred to 10µg of intrathecal 

fentanyl. 

There was no difference in the Apgar score at 1 and 5min between the groups, in our study. 

This was supported by the study conducted by Maayan-Metzger A et al. 
[17]

. They studied the 

effects of maternal hypotension on the fetal outcome and found no difference in the outcome 

of the fetus born to a hypotensive mother. This assures that hypotension for a short duration 

does not have any effect on the newborn. 

 

Conclusion 

 

To conclude, this study demonstrated that giving subarachnoid block in fractionated dose is 

better than single-bolus dose for pregnant women undergoing elective caesarean section 

delivery in terms of providing better haemodynamic parameters like HR, blood pressure, 

MAP and faster onset of motor and sensory block. Adding opioid like fentanyl to bupivacaine 

increases the analgesia period. It provides prolongs postoperative pain-free periods and 

decreases the need for rescue analgesia. This newer technique is better than the usual method 

in preventing maternal hypotension after spinal anaesthesia.   
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INTRODUCTION

Neonatal diabetes mellitus (NDM) is defined as diabetes diagnosed within 6  months of age. 
It is a rare condition with an estimated incidence of one in 90,000–160,000 live births.[1] With 
advancement in molecular genetics, pathogenic variants in more than 30 genes have been found 
to cause neonatal diabetes.[2] Genetic mutations causing NDM may result in abnormal pancreatic 
development, β-cell function, or destruction, which cause either transient or permanent NDM.[1] 
Early diagnosis of neonatal diabetes helps predicting the clinical course and outcome.

The GLIS3 (Gli-similar 3) gene is located on chromosome 9p24.2 in humans. It has 11 exons, 
with only 2–10 being coding regions. The GLIS3 gene encodes a factor belonging to the family 
of Krüppel-like zinc finger transcription factors. The GLIS3 protein either represses or enhances 
the expression of various target genes in different organs including pancreas, thyroid, eyes, liver, 
and kidneys.[3] In the pancreas, GLIS3 has a critical role in β-cell development and its endocrine 
function. It also binds to the insulin (INS) promoter region and enhances its transcription.[4]

GLIS3 mutations causing NDH syndrome (autosomal recessive inheritance) were first reported in 
2006, in a family from Saudi Arabia. Taha et al. in 2003 described two siblings who had intrauterine 
growth restriction (IUGR), NDM, congenital hypothyroidism, facial dysmorphism, congenital 
glaucoma, progressive hepatic fibrosis, and renal cystic dysplasia.[5] They expired in early childhood. 

ABSTRACT
Neonatal diabetes mellitus with congenital hypothyroidism (NDH) syndrome (OMIM: 610199) caused by GLIS3 
gene mutations is a multisystem disorder. To date, only 23 cases of NDH syndrome have been reported worldwide. 
We report a child diagnosed on day 24 of life with neonatal diabetes, congenital hypothyroidism, congenital 
glaucoma, and dysmorphic facial features. Genetic analysis revealed a homozygous pathogenic frameshift variant 
(p.Gln361Profs*193) in the GLIS3 gene, located on chromosome 9p24.2. Our report confirms that infants with 
neonatal diabetes and congenital hypothyroidism along with facial dysmorphism should be screened for GLIS3 
mutations.
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Three years later, Senee et al. found homozygous GLIS3 
mutations as the cause of NDH syndrome in the original 
family and two other families from Saudi Arabia.[6] To date, 
23  patients with GLIS3 pathogenic variants (homozygous or 
compound heterozygous) have been reported worldwide. 
(PMID: 35410112).

Herein, we present a case of neonatal diabetes caused by a 
GLIS3 mutation. This is, to the best of our knowledge, the 
first report of GLIS3-NDH from India.

CASE REPORT

A baby boy was brought to our hospital on day 11 of life, 
in view of poor weight gain and hyperglycemia. He was the 
second child of a second degree consanguineously married 
couple. Anomaly scan in third trimester revealed dilated 
left renal pelvis (14 mm) with a single umbilical artery. He 
was born at term (38 + 3 weeks) by vaginal delivery, with no 
neonatal asphyxia. Birth weight was 1.8  kg. As the mother 
had reduced milk secretion, diluted cow’s milk was started 
on day 4 of life at home. The baby became lethargic on day 
5 of life, hence was admitted in a private hospital for the 
management of hyperglycemia (296 mg/dL).

At admission to our hospital, the baby was lethargic and 
dehydrated with normal vital signs. His weight was 1.68 kg, 
length was 43 cm, and head circumference was 33.5 cm. He 
had severe wasting, wide open anterior and posterior fontanels 
with corneal clouding, thin upper lip, long columella, large 
bulbous nose, and left cryptorchidism [Figure 1a]. Systemic 
examination was otherwise unremarkable. Random blood 
glucose reading was 195 mg/dL. Urine ketones were negative. 
Initial resuscitation was done with normal saline bolus 

10  mL/kg, followed by maintenance fluids and first line 
antibiotics.

Laboratory investigations revealed negative septic screen with 
deranged renal functions (urea/creatinine – 68/1.1  mg/dL). 
Urine output improved with fluid replacement, but creatinine 
remained persistently high (ranging from 1.14–1.56 mg/dL). 
The liver function tests and serum electrolytes were normal. 
High blood glucose levels were noted only on four occasions 
during the initial 10 days of NICU stay (ranging from 140–
390  mg/dL), requiring subcutaneous regular insulin. After 
the baby was stabilized, breast milk and formula feeds were 
reinitiated, with blood glucose values remaining within 
normal limits (60–120 mg/dL).

Increased corneal diameter (megalocornea) (11 mm) [Figure 1b] 
and high intraocular pressure of 37 and 40  mm of Hg (iCare 
tonometer) were noted in the right and left eye, respectively. 
Hence, he was treated with timolol eye drops (0.25%).

Cranial ultrasonogram (USG) was normal. Abdominal 
USG revealed normal liver and bulky kidneys with mildly 
prominent left renal pelvis (6  mm). Thyroid screening was 
suggestive of congenital hypothyroidism, with high TSH 
(>150  mIU/L) (normal 1.19–10.72  mIU/L) and low free 
T4 of < 0.1 ng/dL (normal – 1.18–2.49 ng/dL).[7] Treatment 
was initiated with levothyroxine in a dose of 25 µg during 
hospital stay (15  µg/kg/day). After 2  weeks, the dose was 
increased to 37.5 µg (22 µg/kg/day) as repeat free T4 was still 
low (0.55 ng/dL) with TSH being 40 mIU/L.

On day 24 of life, blood glucose levels were persistently high; 
hence, injection glargine was started. HbA1C was noted 
to be 6.9% (HPLC Biorad 10). Maintaining euglycemia 
was a difficult task due to fluctuating hypoglycemia and 
hyperglycemia (GRBS ranging from 48 to >500  mg/dL). In 
view of the frequent hypoglycemia, the dosage interval of 
glargine was changed from 24 to 36 h.

Considering the classical features of persistent hyperglycemia 
with congenital hypothyroidism and congenital glaucoma, 
the diagnosis of NDM with congenital hypothyroidism 
(NDH) syndrome (secondary to GLIS3 mutation) was 
suspected, as other genes have not been reported for above 
association. After taking the informed consent from parents, 
genetic analysis was performed.

The baby was discharged home on day 40 of life with a weight of 
1.755 kg, with insulin analog therapy and regular home blood 
glucose monitoring. Parents could not come for follow-up 
due to the COVID-19 pandemic. However, regular telephonic 
follow-up was done. At home, the mother had given glargine 
only on four occasions in a month, as the blood glucose levels 
were normal even without glargine. Hypoglycemic episodes 
were managed with parenteral correction once and later 
by oral glucose and breastfeeds at home. Later, the mother 
discontinued glargine due to frequent hypoglycemia.

Figure  1: (a) Patient with generalized wasting, with corneal 
clouding, thin upper lip, long columella, large bulbous nose, and 
left cryptorchidism. (b) Photograph of the face showing increased 
corneal diameter (megalocornea) (11 mm).
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At 3  months of age, he was taken to a nearby hospital for 
episodes of loose stools and hurried breathing when his 
weight was recorded as 1.9 kg. He succumbed to the illness 
after 2 days.

Genetic testing was performed by the Exeter Genomics 
Laboratory. DNA was extracted from blood samples and 
analyzed using a custom targeted next generation sequencing 
assay as previously described (ref PMID: 23771172). This assay 
allows analysis of the coding regions and conserved splice sites 
of the ABCC8, AGPAT2, BSCL2, CISD2, CNOT1, COQ2, COQ9, 
EIF2S3, EIF2AK3, FOXP3, GATA4, GATA6, GCK, GLIS3, 
HNF1B, IER3IP1, IL2RA, INS, INSR, KCNJ11, LPL, LRBA, 
MNX1, NEUROD1, NEUROG3, NKX2-2, PDX1, PTF1A, 
RFX6, SLC2A2, SLC19A2, STAT3, WFS1, and ZFP57 genes and 
can also detect partial/whole gene deletions and duplications. 
Variants are classified using the ACMG/AMP guidelines (Ellard 
et al. 2020 https://www.acgs.uk.com/media/11631/uk-practice-
guidelines-for-variant classification-v4-01-2020.pdf; Richards 
et al 2015 PMID: 25741868).

The genetic analysis confirmed that the baby was homozygous 
for a pathogenic GLIS3 frameshift p.Gln361Profs*193 variant 
predicted to result in mRNA degradation through nonsense 
mediated decay. Both parents were heterozygous carriers. 
This result confirmed the diagnosis of NDH in this family 
(OMIM: 0610199).

DISCUSSION

Here, we describe the first Indian case with a homozygous 
mutation in the GLIS3 gene. The baby presented with NDM, 
congenital hypothyroidism, congenital glaucoma, and typical 
facial features. GLIS3 plays a key role in early embryogenesis 
and also cell regulation by functioning as repressor or 
activator of transcription.[8] Recently, the role of GLIS3 in 
type 1 and type 2 diabetes mellitus has also been investigated, 
providing new insights into pathogenesis.[9]

The onset of diabetes in NDH syndrome occurs within the 
first few weeks of life. Various case reports observed onset 
ranging from day 1 to 31  days of life. All patients required 
insulin. Fluctuating blood glucose levels were noted in our 
child similar to other reported cases.[10] The possible causes 
of hypoglycemia could be attributed to the role of GLIS3 in 
insulin secretion.[10]

Levothyroxine requirements are on the higher side in NDH 
syndrome than other causes of congenital hypothyroidism. 
Persistent high TSH has been noted in spite of high doses up 
to 20–35 µg/kg/day.[11,12] GLIS3 plays a role in the early stages 
of thyroid development from the pharyngeal endoderm 
and also in TSH receptor signaling and proliferation of 
follicles later.[3,13] Hence, NDH patients show varying thyroid 
anatomy on ultrasonography ranging from aplasia to normal 
size.[12,14,15]

Facial dysmorphism in our patient was similar to those 
reported by various authors and included low set ears, 
prominent eyes, epicanthal folds, flat nasal bridge, long 
philtrum, and thin upper lip.[10,11,16] The facial features were 
more evident with advancing age.[14]

Dimitri et al. reported osteopenia, thoracolumbar lordosis, 
bilateral sensorineural deafness, exocrine pancreatic 
dysfunction, hepatitis, hepatic fibrosis, and cirrhosis in 
various families further extending the clinical spectrum 
caused by GLIS3 mutations.[16,17] Exocrine pancreas functions 
were not evaluated in our patient due to financial constraints.

The varying phenotype is attributed to the tissue expression 
of variable length transcripts of the GLIS3 gene. Being a rare 
condition, further information is required for correlating 
genotype and phenotype variability. The cause for mortality 
in the previous case reports was pneumonia, respiratory 
failure, sepsis, and hepatic dysfunction. Few affected 
individuals are still alive, which may be explained by the 
absence of major organ involvement.

CONCLUSION

NDM is caused by single gene defects affecting the pancreatic 
β-cells and many systems. Identification of the genetic 
mutation, even in cases which cannot lead to effective 
treatment, guides us in finding other associated problems 
in syndromic cases and is important for genetic counseling. 
Further studies involving the role of GLIS3 in pancreas may 
help in therapeutic strategies.
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Abstract 

 
The association between age of the woman and reduced fecundability has been well 

documented. This decline in fecundability beginning in the early thirties and accelerates in 

the late thirties and early forties. The age related decline in fertility appears to be attributable 

to cocyte depletion. Another factor which contributes to reduced female fecundability. Is age-

related decline in male fertility? A retrospective comparative study was done at Tertiary 

Institute. There were 85 Primigravida above 35 years of age (Group III) admitted during this 

period in the obstetric units of tertiary hospitals. These women were compared with two 

control groups comprising of 85 Primigravida in each groups aged between 20 to 25 years 

(Group I) and 30 to 34 years (Group II) of age by a random selection of consecutive 

Primigravida admitted during the same period. Rate of caesarean section was high (47.06%) 

in Group III and 37.65% in Group II and 15.29% in Group I. The difference is statistically 

significant (p<0.01). New born admission to intensive care unit was highest (28.24%) among 

babies born to group II mother, (17.65%) babies in group III and (9.41%) babies in group I 

required NICU admission. 

 

Keywords: Elderly primigravida, caesarean section, NICU admission 

 

Introduction 

 

The past decade has seen a remarkable shift in the demographics of childbearing in the world. 

In formatter days, pregnant women aged 35 and over tended to have several, unplanned 

children, whereas today there is a growing proportion of first births to elderly pregnant 

women. 

In several studies, chronic hypertension complicates 10 to 20% of pregnancies over 35 years. 

Type II diabetes also increases in frequency with age, and there is a much higher incidence of 

gestational as well as overt diabetes in older women than in younger women. In addition, the 

frequency of a formidable number of medical and surgical complications of pregnancy 

increases with maternal age. Those include cardiovascular, neurologic, connective-tissue, 

renal and pulmonary disease. Thus it is not surprising that antepartum hospital admissions are  
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substantially more frequent among elder women than younger women [1]. 

The association between age of the woman and reduced fecundability has been well 

documented. This decline in fecund ability beings in the early thirties and accelerates in the 

late thirties and early forties. The age related decline in fertility appears to be attributable to 

cocyte depletion. Another factor which contributes to reduced female fecundability [2]. 

The chances of spontaneous abortion are higher with advancing age, third trimester bleedings 

includes placenta previa, abruption placentae and uterine bleeding of unknown etiology 

which is noted in elderly primigravida. The risk of placental abruption was increased because 

other associated complications in older women like PIH and third trimester bleeding Natural 

ageing of the maternal uterine environment of maternal vascular and endocrine systems, may 

lead to a progressive deterioration in the transfer of nutrients to the fetus IUGR is an 

important cause of low birth weight Although the risk of placenta previa increases with 

multiparity as well as advancing age, it is arguable which of these two is more important [3]. 

Malpresentations are reported to be higher. This may be due to factors like increased rates of 

preterm delivery in older women, presence of associated leiomyoma, etc. There are numerous 

reports which say that the rate, of caesarean delivery is increased among the mature women. 

Om women having vaginal delivery, the rates of operative vaginal delivery like vacuum or 

forceps delivery is increased [4]. 

Pregnancy in women > 35 years is regarded as “Premium Pregnancy”. The reasons suggested 

for the increase in the rates of caesarean delivery (CD) include risk of malpresentation with 

advancing maternal age and the normal progress of cervical dilatation may differ in subtle 

ways from younger women leading to increased dysfunctional labour or labour abnormalities. 

Labour abnormalities may also be due to relative inefficiency of the ageing myometrium.  

 

Associated obstetric 

 

Complications like hypertension, placental accidents, preterm labor, diabetes and leiomyoma 

may also account for increased caesarean births. 

The chances of abruption and atonic uterus due to increase in hypertension, placenta previa, 

associated leiomyoma of uterus are more in a response which could cause PPH and the rates 

of PPH may be increased due to instrumental delivery or operative delivery [5]. 

Chromosomal anomalies in the baby is known to increase as maternal age increases. This 

leads to fetal malformations. At around the age of 40 years chromosomal aberrations 

especially aneuploidies occur at a frequency in 50 years women. Advanced paternal age, 

which is frequently associated with maternal age, increase the risk of autosomal dominant 

diseases, such as achondroplasia and marfan’s syndrome, that appear to result from genetic 

mutations. 

Perinatal morbidity and mortality is generally higher in babies born to older women. This is 

reflected in higher neonatal intensive care unit (NICU) admissions and prolonged stay. The 

higher rates of perinatal morbidity may be due to preterm birth, low-birth weight, IUGR, 

infections, etc. Maternal factors like prolonged labour, instrumental delivery may, also be 

contributory [6]. 

Low-birth weight babies, weighing < 2.5 kg are reported to be more common in elderly 

mothers. The causes of this include increased spontaneous or induced preterm deliveries, 

IUGR other factors are, poor nutrition, smoking, pregnancy complications, etc. Advancing 

maternal age is associated with a decreased potential for fetal growth, due to biologic ageing 

of maternal tissues and systems (e.g., maternal uterine environment, vascular or endocrine 

systems) leading to decreased transfer of nutrients to the fetus. 
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Methodology 

 

A retrospective comparative study was done at Tertiary Institute. There were 85 

primigravidas above 35 years of age (Group III) admitted during this period in the obstetric 

units of tertiary hospitals. These women were compared with two control groups comprising 

of 85 Primigravidas in each groups aged between 20 to 25 years (Group I) and 30 to 34 years 

(Group II) of age by a random selection of consecutive primigravidas admitted during the 

same period. 

As there is a different opinion as to whom to call a woman as elderly primigravidas, we have 

taken 2 groups (20-25 yrs and 30-34 yrs) for comparisons of pregnancy and labour outcome. 

The observations are presented in tabular, graphical forms to highlight the difference clearly. 

Our observations are compared with observations done by other authors in past 50 years. 

The appropriate test of significance was applied to detect the difference observed among 

three groups are of any statistical significance or not. 

 

Results 

 
Table 1: Obstetric disorders associated with pregnancy 

 

Obstetric Complications 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

PROM - 6(7.06%) 9(10.59%) 

Preterm  14(16.47%) 16(18.82%) 

Malpresentation - - 3(3.53%) 

APH - - 2(2.35%) 

Oligohydramnios 2(2.35%) - 5(5.88%) 

IUGR - - - 

Post datism 1(1.18%) 1(1.18%) 8(9.41%) 

Normal 83(97.65%) 64(75.29%) 42(49.41%) 

P Value = p<0.01. 

 

More than half of elderly primigravidas (5.59%) had an obstetrics complications when 

compared to Group II (24.71%) and (2.35%) in Group I. The common complications during 

pregnancy were malpresentation, oligohydramnios, premature rupture of membranes, preterm 

delivery rate was relatively high (18.82%) among elderly primigravidas (Group III) and 

16.47% in Group II and nil from Group I. 

Similarly obstetrics complication of pregnancy crossing due date was seen in Group III 

(9.41%) and (1.18%) in Group II and nil in Group I. 

P value (p<0.01) is statistically significant which suggest association between age groups 

obstetric complications. 

 
Table 2: Type of labour among primigravida 

 

Type of labour 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Spontaneous 77(90.59%) 63(74.12%) 56(65.88%) 

Induced 2(2.35%) 9(10.59%) 9(10.59%) 

Augmented 2(2.35%) 7(8.29%) 2(2.35%) 

Not in labour 4(4.71%) 6(7.06%) 18(21.18%) 

P Value = p<0.01. 

 

90% women in group I had spontaneous labour, 74% in Group II and 66% in Group III. This 

shows declining trend of onset of spontaneous labour with increasing maternal age at  
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pregnancy is statistically significant (p<0.01) 

The need of induction of labour was higher among Group II (10.59%) and Group III each 

when compared to Group I (2.35%). 

21.18% of women in Group III did not experience labour as they were taken up for elective 

caesarean section, this was 3 to 4 times higher than Group III and Group I respectively. 

 
Table 3: Mode of delivery among primigravidas 

 

Mode of Delivery 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Vaginal 67(78.82%) 40(47.06%) 40(47.06%) 

El LSCS 1(1.18%) 4(4.71%) 18(21.18%) 

Em. LSCS 12(14.12%) 28(32.94%) 22(25.88%) 

Instrumental 5(5.88%) 13(15.29%) 5(5.88%) 

P Value = p<0.01  

 

As shown in previous table 10, the need of induced and accelerated labour was higher in 

Group II and Group III, So is reflected in the need for caesarean section. These sections were 

(Table 11) done either for failed induction, failure to progress due to CPD or for foetal 

distress.  

Rate of caesarean section was high (47.06%) in Group III and 37.65% in Group II and 

15.29% in Group I. The difference is statistically significant (p<0.01). 

 
Table 4: Indications for LSCS 

 

Indications for LSCS 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Foetal Distress 5(5.88%) 21(24.75%) 9(10.59%) 

CPD 3(3.53%) 3(3.53%) 4(4.71%) 

PIH 3(3.53%)ಟ 6(7.06%) 13(15.29%) 

Oligohydramnios 1(1.18%) - 2(2.35%) 

IUGR - - - 

Non progress of labour - 1(1.18%) 6(7.06%) 

Malpresentation - 1(1.18%) 2(2.35%) 

APH  - 4(4.71%) 

others - - - 

P Value = p<0.05. 

 

Most common indications for caesarean section was pregnancy induced hypertension (PIH) 

which was relatively more in elderly primi with 15.29% and 3.53% in Group I and 7.06% in 

Group II. Foetal distress with Group I (5.88%). Group II (24.75%) and Group III (10.59%). 

Other common indications for LSCS were uterine inertia [(7.06%) in Group III and 1.18% in 

Group II)]. Pregnancy induced hypertension CPD was equally prevalent among all 3 groups 

and accounted for 3 to 4% for LSCS Accidental Haemorrhage (probably following PIH) 

required caesarean section for Group III was 4.75% which has a relatively low significance 

statistically (p >0.05). 

 
Table 5: Birth weight f neonates at birth among primigravida 

 

Birth weight 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

<2000 gms 6(7.06%) 7(8.24%) 5(5.88%) 

2000-2500 gms 26(30.59%) 31(36.47%) 25(29.41%) 

2600-3000gms 39(45.88%) 35(41.12%) 44(51.76%) 
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3000gms 14(16.47%) 12(14.12%) 11(12.94%) 

P Value = p<0.05. 

 

Birth weight of babies is significant factor for assessment of fetoplacental function. Babies 

weighing more than 2.5kg were higher in Group III (64.71%) against 62.33% in Group I and 

55.29% in Group II. However, babies born with more than 3 kg were seen in young Primis 

16.47%. Difference in prevalence of low birth weight (LBW) or average birth weight (ABW) 

or high birth weight (HBW) was not significant (p > 0.05) statistically. 

 
Table 6: Neonatal outcome immediately after birth 

 

Neonatal Outcome 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

with mother 56(65.88%) 42(48.83%) 55(64.71%) 

Warm Cubic 21(24.71%) 19(22.09%) 14(16.47%) 

NICU admission 8(9.41%) 24(27.91%) 15(17.65%) 

Intrapartum 0(0%) 1(1.18%) 1(1.18%) 

P Value = p<0.01  

 

Though maximum babies among all groups wer kept with mother after birth, the babies 

required NICU admissions were due to maternal high risk factors or for birth being precious 

to elderly Primi. It was observed (Table 14) that babies born to Group II women, had higher 

NICU admission or required warm cubicle. P value (p<0.01) is statistically significant. 

There was one intrapartum fetal death among mothers in group II and group III each. 
 

Table 7: Neonatal Mortality (NICU Admission) 
 

Neonatal Outcome 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

NICU ADMISSION 8(9.41%) 24(28.24%) 15(17.65%) 

Neonatal death 0(0%) 6(25%) 2(13.33%) 

P Value = p<0.05  

 

New born admission to intensive care unit was hight (28.24%) among babies born to group II 

mother, (17.65%) babies in group III and (9.41%) babies in group I required NICU 

admission. 

Neonatal mortality was higher in Groups II (25%) when compared in Group III (13.33%) and 

nil in Group I P value is not significant, statistically (P > 0.05). 

 
Table 8: Lactation 

 

Types of lactation 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Normal 84(98.82%) 82(96.47%) 77(90.59%) 

Delayed 1(1.18%) 2(2.35%) 6(7.06%) 

Medically Suppressed - 1(1.18%) 1(1.18%) 

Failure - - 1(1.18%) 

P Value = p<0.05  

 

Desire to breast feed the baby is natural but delayed lactation was seen in 7.06% of women in 

Group III against 2.35% in Group II and 1.18% in Group I. Though this difference is not 

significant (P > 0.05) statistically, chance of failed induction was seen to follow linear 

relationship with maternal age. 
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Discussion 

 

54.12% of obstetrics complications constituted in group III of our study was substantially 

high when compared to other two groups. The increased frequency of medical complications 

among elderly mother causes higher rate of preterm birth, IUGR oligohydramnios, perinatal 

mortality and serious neonatal morbidity. 

Even though oligohydramnios is said to be associated with advancing age, probably due to 

poor function of placental unit at cellular level, leads to Intra uterine growth retardation 

(IUGR), post term pregnancy, abruption, hypertension, preeclampsia, diabetes. 

Our study had only 5.88% of oligohydramnios is elderly primi, but surprisingly there were no 

cases with intra uterine growth retardation (IUGR) in elderly primi. 

Natural ageing of the maternal uterine environment or maternal vascular and endocrine 

systems, may lead to early diminution in the transfer of nutrients to the foetus14 IUGR is an 

important cause of low birth. 

Third trimester bleeding includes placenta previa, abruption placentae and uterine bleeding of 

unknown etiology [7]. 

Annanth et al. reported that there was a 26 fold increased risk for placenta previa in elderly 

women when compared to young prim is and who found abruption to be more related to party 

than age. Waters and Wagers had reported a higher incidence of antepartum haemorrhage 

among elderly primis, but O’Sullivan and Yound failed to confirm it. 

Mehreen and Naqui reported 12.82% of Antepartum haemorrhage (APH). 

However our study had 5.88% of APH cases in elderly primi. Relationship with malnutrition 

in elderly primi seems to be greatly related to chronic hypertension and PIH. 

Although the risk of placenta previa, Increases with multiparity as well as advancing age, it is 

arguable which of these two is more important. 

Other biologic mechanisms postulated for the increased frequency of uteroplacental bleeding 

disorders with age include a decrease in the uterine blood flow to the placenta as age 

advances [8]. 

High incidence of malpresentation was reported by Miller in 1932 (12%) Mehreen an Azra 

reported 12.82%. 

But in our study malpresentation was seen in 3.5% mainly as breech. 

Premature rupture of membrane (PROM) the second common obstetric complication (10.5%) 

found in elderly primi in our study (Table 10) was associated with Edge and Laros who 

reported risks of PROM (3.8%) in elderly women. Whereas Bekowitz et al. and Bianco et al. 

found no difference between older and younger primis [9]. 

In our study, 65.88% of elderly primigravidae were found to have spontaneous deliveries 

compared to higher rate in other two group Even though most of the primis delivered at term 

relatively there was high prevalence of preterm birth among (18.82%) and post maturity 

(9.41%). Preterm birth continues to be one of the most important obstetrics problems in the 

world, contributing to non-anomalous perinatal mortality ranging between 38 to 52%. 

Our study had a relatively high prevalence of preterm deliveries compared to other authors. 

The problem of the pregnancy that is prolonged past term has been the subject of some 

controversy with reference to the elderly primigravida Donald 5 in his text book, advocates 

delivery no later than a week past term, and other authorities consider fetal risk is increased 

past term. 

Our study group had 9.41% of post term pregnancy where as Mehreen and Azra noted 7.69% 

of postdates pregnancy. 

We too agree with other authors that prolonging pregnancy past term increases the hazard to 

the foetus. 

The risk of allowing the patient to go beyond dates could then be intelligently balanced for 

the risks of induction and elective section at term. Certainly, it would be within accepted  
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obstetric principles to recommend that all elderly primigravidas should have the benefit of 

careful assessment at term with a view to deliver at that time [10]. 

Induction of labour was done in 31.76%, among them 21.18% elderly primi were taken up for 

elective caesarean section. 

It was not surprising that the rates of both induction and prolonged labour were not a high in 

elderly primigravida as caesarean section was resorted to more readily. 

Stewart and Bernard found that labour became more difficult with advancing age and 

suggested that this might be due to increased rigidity of the pelvic floor ligaments and less 

reserve of power in the uterus. 

The rate of vaginal deliveries in our study among elderly primgravida is significantly low 

(47.06%) when compared to young primi. Almost one third of vaginal deliveries required 

rotation or extraction at the midpelvic level. 

Mehreen and Azra reported 30.76% of caesarean section 28.84% vaginal deliveries, forceps 

(11.53%) vacuum (8.97%). 

The Caesarean section rate was 47% in our study, almost equal to vaginal delivery rate. 

Antenatal medical or obstetrical complications were common indications for caesarean 

section rather than intrapartum complications. The association of advancing age with an 

increased need for caesarean delivery in our population seems, therefore to result from 

combination of factors, some physiological and some practice related. 

Pregnancy is a women above 35 years of age is regarded as “Premium Pregnancy” Pipert J F. 

Nulliparous women of advanced age have reached their first pregnancy at the time of age 

related decreasing fertility often after years of infertility. This may in turn influence decision 

making in an attempt to reduce the risks of outcomes. 

The ‘Physician bias’ that has been suggested to contribute to the increased caesarean rate in 

elderly primi was not clear in our study. 

It should be noted that the indications for caesarean section in our study were only the 

primary indications. In almost every instance the age of the patient was listed as a secondary 

reason for caesarean section. Foetal distress was the commonest indications for LSCS among 

all three groups (41.67%). Which was high in group II (24.71%). Than 10.59% in group III 

and 5.88% in group I. 15.29% of primi in group III were taken up for caesarean section with 

PIH as a primary indication which is highly associated with elderly primi followed by 7.06% 

for non-progress of labour in elderly primi. 

Other indications for LSCS in our study in elderly primis were CPD, APH, non-progress of 

labour, olighydramios and malpresentation. 

Low birth weight babies weighing less than 2.5kg are reported to be more common in elderly 

mothers 15. The causes are preterm deliveries, IUGR etc., Advancing maternal age is 

associated with a decreased potential for foetal growth, due to biologic aging of maternal 

tissues and systems (e.g. Maternal uterine environment, vascular or endocrine systems) which 

may lead to decreased transfer of nutrients to the foetus independent of disease or a 

cumulative effect of diseases. 

However it was surprising to note from our study that the majority of elderly primis delivered 

babies with more than 2.5kg (64.71%) when compared to other two groups, 35.29% of 

elderly primis delivered babies below 2.5kg. 

There were 25% of neonatal death in group II and 13.33% in group III Higher neonatal 

mortality rate in Group II is seen in mothers who had instrumental delivery. Perinatal 

mortality among preterm Indian babies has been reported to be 2 to 7 times higher than babies 

born at term [4]. 

K.S. Joseph reported 1.46% of perinatal mortality, where as in Lehman D K‘s study it was 

increased. Our study stands out in the comparison of perinatal mortality rate with others, 

which is relatively high [8]. 

In our study breast feeding was encouraged, all the three group mothers had substantially  
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normal lactation. While 7.06% had a delayed lactation among elderly women and 1.18% were 

medically suppressed, whereas failure of lactation was seen in only 1.18% of elderly mothers. 

 

Conclusion 

 

 Rate of caesarean section was high (47.06%) in Group III and 37.65% in Group II and 

15.29% in Group I. The difference is statistically significant (p<0.01). 

 New born admission to intensive care unit was hight (28.24%) among babies born to 

group II mother, (17.65%) babies in group III and (9.41%) babies in group I required 

NICU admission. 

 Neonatal mortality was higher in Groups II (25%) when compared in Group III (13.33%) 

and nil in Group I P value is not significant, statistically (P>0.05). 
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INTRODUCTION 
Skin and eyes have a common embryological origin from the 
embryonic surface ectoderm. Ocular manifestations in dermatological 
diseases are common and have diagnostic value. Genodermatoses or 
genetic diseases of the skin are a group of inherited disorders with 

1cutaneous and systemic signs and symptoms; Deepika Pandhi  
Genetic skin diseases often have extracutaneous manifestations. 
Ocular ndings are one of the most common associations and can be 
the initial presenting sign of dermatological diseases. These 
manifestations may have signicant clinical implications like visual 

2disturbance and ocular discomfort , Jen M et al  Manifestations like 
corneal opacities seen in X-linked ichthyosis are asymptomatic but 
characteristic of a particular genodermatoses.

The rarity of the conditions and the lack of awareness are the cause of 
major hurdles in the management and the planning of research in this 

1specialty, Deepika Pandhi  Early recognition of the ocular 
involvement of dermatological diseases is helpful in reaching the 
diagnosis and managing the patient properly for a better outcome; 

3Lamia S et al 

At present there are very few studies that emphasize the ocular 
manifestations of these dermatological diseases. Hence this study aims 
at understanding the occurrence and severity of ocular manifestations 
in genetic dermatological diseases.

MATERIALS AND METHODS
This is a cross sectional study. The study was conducted on patients 
diagnosed with genodermatoses at a tertiary care hospital in Southern 
India. The study was conducted on patients in the age group of 16-60 
years who came to the Dermatology OPD, were diagnosed with 
genodermatoses and referred to the Ophthalmology OPD for further 
evaluation.

All the patients diagnosed with genodermatoses, underwent a 
complete ophthalmic examination, that is, assessment of visual acuity, 
Anterior segment examination, intraocular pressure assessment and 

posterior segment examination and the ndings were noted.

The research was approved by the institutional review board (IRB) and 
informed consent was obtained from the subjects after explanation of 
the nature and possible consequences of the study.

RESULTS
The most common condition noted was NF 1(23 cases) and NF 2 (18 
cases). Other diseases seen were Dariers disease (1 case) Lamellar 
ichthyosis (Fig 4) (7 cases) and Epidermal nevus syndrome (1 case).

10 cases out of 23(43.47%) having NF1 showed eyelid neurobroma, 
13(56.52%) showed Lisch nodules and 1(4%) showed optic nerve 
glioma (Fig 2,3,5)

In patients with NF2, 2 cases (11.11%) showed cataracts (Fig 6). 
Among patients with lamellar ichthyosis, 1 case (14.28%) had 
xerophthalmia and 4 cases (57.14%) had conjunctival congestion. In 
the patient with Epidermal nevus syndrome, rod – cone dystrophy was 
seen with pigment epithelium changes (Fig 1). No ocular nding was 
seen in the patient with Dariers disease.

DISCUSSION
Genodermatoses have signicant ocular ndings. In our study we 
came across patients with Neurobromatosis 1 and 2, Lamellar 
ichthyosis, Darier's disease and Epidermal nevus syndrome. These 
diseases are rarely found and so are the ocular ndings seen in these 
patients.

Neurobromatosis is an autosomal dominant disorder secondary to 
mutation in the neurobromin gene. NF 1 is characterized by 

3cutaneous, CNS and ocular manifestations; Lamia S et al . The most 
commonly seen ocular nding in NF 1 is the presence of Lisch nodules 
which was seen in 56.52% patients diagnosed with NF1. NF 2 is less 
common than NF 1 and the most common ocular nding seen in NF 2 is 
cataract.

Lamellar ichthyosis is an autosomal recessive disorder characterised 
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ABSTRACT
PURPOSE:  METHODS:To evaluate the Ocular manifestations in patients with genodermatoses.  49 cases in age group 16-60 years, with a 
diagnosis of genodermatoses were included in the study. All the patients underwent a complete ophthalmic examination, the ndings were noted. 
RESULTS: The most common condition noted was NF 1(23 cases) and NF 2 (18 cases). Other diseases seen were Dariers disease (1 case) 
Lamellar ichthyosis (7 cases) and Epidermal nevus syndrome (1 case). 10 cases out of 23(43.47%) having NF1 showed Lisch nodules, 13(56.52%) 
showed eyelid neurobromas and 1(4%) showed optic nerve glioma. In patients with NF2, 2 cases (11.11%) showed cataracts. Among patients 
with lamellar ichthyosis, 1 case (14.28%) had ectropion. In the patient with Epidermal nevus syndrome retinal pigment epithelium changes were 
seen. No ocular nding was seen in the patient with Dariers disease.  Genodermatoses have signicant ocular ndings. These CONCLUSION:
conditions are rare and hence it is essential to have a complete assessment of these patients with respect to ophthalmological manifestations for 
better diagnosis and earlier management.
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3by large plate-like scales, Lamia S et al. . The most common ocular 
manifestation is cicatricial ectropion but it also manifests with changes 
such as xerophthalmia, exposure keratopathy, and conjunctival 
congestion. 

Darier disease (DD) is a rare autosomal dominant inherited skin 
disease characterized by hyperkeratotic papules and plaques, 
prominent nails, and mucous membrane involvement; Helwe 

4Hammad et al . In a few studies patients with Darier's disease showed 
blepharitis and dry eye symptoms. A study by Helwe Hammad et al 
noted similar ndings of blepharitis but quoted that there was no 
correlation between the ophthalmologic ndings and disease severity 

4or body surface area involved; Helwe Hammad et al  .In our study we 
saw only 1 patient with Darier disease and no ophthalmic 
manifestations were noted.

The epidermal nevus syndromes (ENS) are a group of congenital 
syndromes comprising epidermal nevi in conjunction with central 
nervous system (CNS), ocular, musculoskeletal, and other organ 

5anomalies; Justin J et al  Various ocular ndings are a part of ENS 
which consist of eyelid nevi, coloboma, nystagmus and retinal 

5anomalies; Justin J et al . In our study we found nystagmus, rod- cone 
dystrophy and retinal piment epithelium changes in the patient of ENS.
The rarity of these conditions and lack of awareness are major 
obstacles in their evaluation and treatment. Therefore it is essential to 
have a complete assessment of these patients with respect to 
ophthalmological manifestations. It is important for the clinician to be 
alert to the possibility that the patient may be presenting for the rst 
time with one or more features of a genetic disease so that appropriate 
investigation and counselling can take place.

Tables : Ocular Manifestations Of Genodermatosis
TABLE 1: Total patients with genodermatosis

TABLE 2 : Ocular signs in Genodermatosis

Fig 1. Fundus changes in Epidermal Nevus Syndrome

Fig 2. Lisch nodules in Neurofibromatosis 1

Fig 3. Lesions in Neurofibromatosis 1

Fig 4. Lamellar Ichthyosis

Fig 5. Optic nerve glioma

Fig 6. Immature cataract in Neurofibromatosis 2

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Sr no Genetic skin disease Number of patients
1 Neurobromatosis 1 23
2 Neurobromatosis 2 18
3 Lamellar ichthyosis 7
4 Darier's disease 1
5 Epidermal nevus syndrome 1
TOTAL 50

Sr 
no

Genetic skin 
disease

Ocular signs No. of 
Patients with 
ocular signs

Percentage

1 Neurobromatosis 1 Eyelid 
neurobroma

10 43.47%

Lisch nodules 13 56.52%
Optic nerve 
glioma

1 4%

2 Neurobromatosis 2 Cataract 2 11.11%
3 Lamellar ichthyosis Dry eye 1 14.28%

Conjunctival 
congestion

4 57.14%

4 Darier's disease Nil 0 0
5 Epidermal nevus 

syndrome
Rod cone 
dystrophy

1 100%

Pigmentary 
epithelial 
changes

1 100%

Nystagmus 1 100%
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A B S T R A C T

Introduction: Slipped capital femoral epiphysis (SCFE) is uncommon in daily practise, and diagnosis and
treatment are usually delayed. 1 In patients with severe slipped capital femoral epiphysis, the modified Dunn
method allows for the restoration of proximal femoral morphology and proper hip function (SCFE). The
purpose of this article is to outline the treatment management of unstable bilateral slipped capital femoral
epiphysis in an epileptic patient. 2

Case Report: A 9-year-old female, a known case of grandmal epilepsy, arrived in the outpatient department
with a severe SCFE. The patient underwent modified Dunn osteotomy and fixation of the epiphysio-
metaphysis junction with CC screw fixation. Since there is very little awareness regarding slipped capital
femoral epiphysis in an epileptic patient, this case report is very rare.
Conclusion: One should be vigilant about children suffering from uncontrolled epileptic attacks. A delay
in diagnosis can lead to an unsatisfactory treatment outcome and a poor prognosis.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The majority of cases present with stable slips, and in
situ fixing are the most widely used treatment worldwide.3

SCFE is a separation between the epiphysis and the
metaphysis of the proximal femur. The epiphysis remains
in the acetabulum and the femur rotates outwards and in
extension. The most prevalent hip condition in children aged
9 to 15 is SCFE. It has been associated with endocrine
abnormalities such as hypothyroidism, hypogonadism, and
hypopituitarism. SCFE treatment’s key goals are to prevent
additional slip progression, accomplish stabilisation and
restoration of hip function, and avoid early hip OA while
limiting the threat of avascular necrosis (AVN) and eventual
proximal femoral deformity.4

* Corresponding author.
E-mail address: ayush.arora52@gmail.com (A. Arora).

2. Case Report

A 9-year-old thin-built girl had a history of falls after an
episode of grandmal epilepsy while playing near her house
and presented to the outpatient department after one and a
half months with a chief complaint of pain in the bilateral
hip joints and was unable to bear weight since the day
of the trauma. She is a known case of epilepsy since she
was five months old and was on anti-epileptic medication.
She had repeated episodes of seizures after sustaining
trauma. On examination, Tenderness was present in both
hip joints. Range of motion was painful and restricted
with flexion, abduction, and external rotation deformity. X-
rays of the pelvis with bilateral hip joints (AP and lateral
views) were taken. In the AP view, there was a lateral or
outward displacement of the metaphysis and an inferior
displacement of the epiphysis noted (Figure 1), whereas in
the lateral view, the shaft was displaced anteriorly and the
head posteriorly (Figure 2) with posterior calcification of
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epiphysis. Laboratory reports ruled out any endocrinopathy.
A CT scan and MRI were not performed as the patient was
restless and had severe pain on extension of the bilateral
lower limb.

Fig. 1: X-ray of pelvis with bilateral hip (AP view)

Fig. 2: X-ray of right hip (Lateral view)

Southwick angle were calculated bilaterally to grade the
displacement which turned out to be 89 degree on the right
side (Figure 3), and 96 degree on the left side in AP views
(Figure 4). Angle in the right lateral view was 40 degree
whereas in left lateral due to severe pain was not measured
(Figure 5). Klein line passed above the head of femur,
stating trethowan sign positive (Figure 6).

Fig. 3: Southwick angle of right hip (AP view)

Fig. 4: Southwick angle of left hip (AP view)
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Fig. 5: Southwick angle of right hip (Lateral view)

Fig. 6: Trethowan sign positive

3. Operative Management

The patient was positioned in the right lateral position and
an incision of 5-7 cm was made over the lateral aspect
of the thigh. The tensor fascia lata was cut and a plane
between the gluteus medius and maximus was created
(Gibson approach). On identifying the greater trochanter,
a trochanteric osteotomy was performed, and the abductor
muscles were lifted off. A Z-shaped incision was placed in
the capsule.

The callus obstructing the reduction was removed and
the neck was shortened by 2-3mm (Figure 7). The displaced

metaphysis was reduced back and stabilized by two 2mm k
wires (Figure 8).

Fig. 7: Metaphyseal callus removed

Fig. 8: K wire passed from metaphysis to epiphysis

4mm cortico-cancellous screws were passed through the
k-wire. The trochanter was placed back in its position
with two k-wires. Retinacular soft tissue flap was created
which included branch of medial circumflex femoral artery,
capsule, external rotators and the thick periosteum with aim
of preserving the blood supply the head (Figure 9). The
patient was positioned on the left lateral and similar steps
were performed on the other hip. There was absorption of
femoral neck noted on left side intra-operatively. The child’s
limbs were kept in flexion, abduction and external rotation.
Post-operative xrays were taken in AP and lateral views
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(Figure 10 (a), (b)).

Fig. 9: Retinacular soft tissue flap

Fig. 10: Post-operative x-ray a) AP view b) Lateral view

4. Post-Operative Protocol

The patient was placed in flexion, abduction, and external
rotation for a period of 4 weeks (Figure 11), after which
passive range of motion of the hip and knee joints was
started. Passive knee bending of 90 degrees was achieved at
the end of 11/2 months (Figure 12). Standing with the help
of support was possible at 2 months (Figure 13).

5. Discussion

Slipped capital femoral epiphysis is a under researched
complication of grandmal epilepsy in high risk cases. As
affected patients have a persistent change in their state of
consciousness or sedating adverse effects from antiepileptic
medications, clinical symptoms and signs of fractures as

Fig. 11: Flexion, abduction and external rotation attitude

Fig. 12: 90◦ knee bending

well as dislocations may be lacking or non-specific in the
post convulsion state. Acknowledgement of bony fractures
or metaphyseal displacement is complicated further by
the possibility that related symptoms are misconstrued as
postictal muscle aches.5 Fractures are more prevalent in
children with epileptic seizures, particularly those treated
with more than one anti-epileptic medication. Children with
grandmal epilepsy on anti-epileptic drugs have significantly
decreased calcium levels, reduced phosphate levels in their
blood, and greater phosphate levels in their urine.6 Matava
et al. discovered that patients with an early clinical signs
of knee pain had significantly greater diagnostic errors than
those who have hip pain. Since the large numbers of patients
are at first investigated by a general practitioner, these lead
to significant reduce in overall diagnostic delay.7 Huber et
al. discuss the benefits of close supervision of epiphyseal
blood flow while performing modified Dunn’s procedure.8



90 Arora et al. / Indian Journal of Orthopaedics Surgery 2022;8(1):86–90

Fig. 13: Standing with support

According to our findings, the modified Dunn procedure can
re-establish femoral neck anatomy and hip joint function.
Furthermore, the intra-articular pathology can be assessed
and managed during surgery.9

6. Conclusion

These fractures in children’s if poorly managed can lead to
severe consequences like chondrolysis, avascular necrosis
etc. In these cases, accurate diagnosis and treatment can
result in a satisfactory result.

7. Clinical Message

Children suffering from unrestrained epileptic seizures
should be monitored closely.

8. Consent

Patient had been informed and has given the consent
regarding this publication.
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Abstract 
Background: Knee injuries are more common in the modern era due to increase in the road traffic 

accidents and more involvement in sports related activities by young people. Anterior cruciate ligament 

is the often injured ligament around knee joint. Anterior cruciate ligament has a pivot role in function and 

stability of the knee joint, being the primary stabilizer preventing the anterior translation of tibia over 

femur. Arthroscopic anterior cruciate ligament reconstruction has become the gold standard in the 

management of these injuries. 

Objective of the study: To assess the functional outcome of anatomical reconstruction of ACL with 

quadrupled hamstring graft. 

Materials and Methods: Patients with post traumatic anterior cruciate ligament injury admitted to the 

Department of Orthopaedics at the Kle's Dr. Prabhakar Kore Hospital and Medical Research Centre and 

Charitable Hospital, Belagavi in between 1st January 2019 to 31st December 2019, over a period of one 

year – hospital based observational study. 

Results: The study group comprised of 30 patients. In our study the most common mode of injury was 

found to be Road traffic accident followed by sports. Abundant of the patients were in the age group of 

18-25yrs. In our study 13 patients had isolated ACL injury, 11 pts had medial meniscus injury, 4 patients 

had lateral meniscus injury and 2 patients had both the meniscus injured. It is found that 57% of them 

associated meniscal injury. Functional outcome was assessed using LYSHOLM and GILLQUIST 

SCORE. At the end of 9th month follow up 80% of the patient had excellent score which were 57% at the 

3rd month. 13% of patient had good score at the end of 9th month and 7% of patient had fair score. None 

of the patient had poor score. 

Conclusion: Anatomical reconstruction of ACL with quadrupled hamstring graft gives better clinical 

outcomes. The advantage of using hamstring graft are reduced donor site morbidity and less anterior knee 

pain in long term follow up. It has better subjective and objective functional outcome with low graft 

rejection or failure rate. 

 

Keywords: Arthroscopic ACL reconstruction, hamstring graft, endobutton, quadrupled hamstring graft, 

lysholm and gillquist score 

 

Introduction  

The knee joint is composite and prodigious joint which is contrived by three bones and 

immense network of ligaments and muscles. As Knee joint is one of the weight bearing joint, 

it plays a vital role in supporting the body in dynamic and static situation and is also subjected 

to tremendous forces during meticulous activities. Out of other joints in our body, knee is the 

often injured joint and ACL is commonly injured ligament. In this competitive world many 

teenagers and young adults who are obsessed with the sports and so the occurrence of ACL 

injury is more among them. The disruption of ACL will influence the normal kinematics of the 

knee leading to the instability of the knee during acceleration, deceleration and rotational 

activities which may end up in mechanical failure and swaying away.  

Until late 1890, ACL injury was considered as end of the career in a sports person. Therefore, 

reconstruction of ACL is necessary and techniques are crucial and have evolved over a few 

decades in terms of choice of the graft and in surgical techniques.  

http://www.orthopaper.com/
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ACL injuries are frequently associated with meniscus and 

osteochondral injuries which need to be considered during the 

surgical repair else the person will progress towards 

degenerative changes of the knee [1]. 

Open reconstruction of ACL which has complications like 

post operative knee pain, stiffness, prolonged period of 

rehabilitation. Considering these complications and time 

consuming procedure, Arthroscopic reconstruction of ACL 

has become the gold standard procedure in recent times [2]. 

If surgery is indicated for reconstruction of ACL, then the use 

of autologous tendon grafts for the substitution of the injured 

ligament is endorsed [3]. But the graft of choice is still in 

altercation.  

Arthroscopic ACL reconstruction, with both BPTG and 

hamstring graft has gained popularity in recent times.  

Rehabilitation following ACL reconstruction has emerged 

with time and is more emphasized on strengthening of the 

muscles and joint kinematics. An ACL deficient knee must be 

reconstructed to an ACL efficient knee by all means. 

 

Materials and Methods 

This observational study include 30 patients who had 

undergone Anterior Cruciate Ligament reconstruction using 

quadrupled Hamstring graft at Department of Orthopaedics, 

KLE’S Dr. Prabhakar Kore Hospital and Medical Research 

Centre, Belagavi. Period of study 1st January 2019 to 31st 

December 2019.  

 

Inclusion Criteria: Both genders above 18yrs of age. 1. 

Symptomatic unilateral ACL rupture 2. ACL injury associated 

with meniscus injury 3. Chondral lesion (type1&2).  

 

Exclusion Criteria: 1. ACL rupture associated with posterior 

cruciate ligament injury, 2. Lateral collateral ligament injury, 

previous ligament reconstruction, 3. Stage 3 & 4 chondral 

lesion and advanced osteoarthritis of knee, 4. Patient with 

history of concurrent fracture, 5. Patient with history of 

operation on either knee. After all pre-operative patient was 

taken to operation theatre, under combined spinal and 

epidural anesthesia patient positioned supine on a standard 

operating table with knee joint little further from the distal 

breakpoint of the table. 1 liter saline bottle is placed below the 

injured knee to allow easy mobilization during the procedure. 

Uninjured limb is placed on a well-padded support. The 

following tests are performed under anesthesia ADT, PDT, 

LT & PST. The tourniquet is placed on the upper thigh. The 

limb is then scrubbed from the foot till the tourniquet and 

drapped with sterile aseptic precautions. Illumination of the 

scope and monitor brightness ensured in advance before 

making a skin incision. Diagnostic arthroscopy was 

performed to detect any associated meniscal lesion. Before 

the harvesting of graft, diagnostic arthroscopy was done first. 

In 90 degrees of knee flexion, anterolateral port (viewing 

portal) is made using 11 number blade at the level of inferior 

pole of patella just lateral to the patellar tendon. After all the 

pathologies have been recorded, the anteromedial (working) 

portal is then established. The associated pathologies are dealt 

accordingly such as partial / total meniscectomy for meniscal 

tears and loose body removal. A 4cm skin incision is taken 

3cm medial to tibial tuberosity and 4cm below the joint line. 

Subcutaneous dissection done. Hemostasis achieved and 

insertion of pes anserinus is exposed.  

The superior and inferior border of Sartorius tendon is 

palpated and gracilis and semitendinous tendon are identified 

3-4 cm medial to tendinous insertion. 

A small incision is made in line with the superior border of 

the gracilis tendon and the underlying medial collateral 

ligament is protected with care. Staying in the same plane 

adequate exposure is maintained by retracting without 

injuring the saphenous vein and nerve. 

The tendons are identified and with aid of right angled artery 

forceps gracilis, semitendinous are released from its fibrous 

extension to gastrocnemius and semimembranous muscle. 

Keeping the knee in 90 degree flexion, dissection is done 

using finger upto musculo-tendinous junction, in order to 

release adhesion with persistent traction applied through the 

double loop knot in end of tendon with threads. 

Now the distal part of the tendon is dissected subperiosteally 

and released from its origin 

Before releasing the tendon with stripper, the tendon carefully 

palpated to ensure that it is free from any adhesions and 

fibrous extension, then the tendon is stripped with controlled 

traction. In the same manner semitendinous tendon is also 

stripped. 

The Harvested graft is then soaked in a saline bowl and its 

residual muscle fibres are carefully removed. 

The second graft is then folded and quadrupled and placed on 

graft master. The graft is then trimmed to same size, looped to 

form quadrupled graft and stitched together with whip stitch 

pattern. The graft length and diameter measured.  

Through Anterolateral port scope is inserted and shaver 

introduced through the anteromedial port. Joint is debrided of 

reflections of synovial fat and torn ACL. Femoral and tibial 

footprints are visualized and marked. 

To gain access to the medial aspect of lateral femoral condyle 

notchplasty is done. It has a significance in chronic ACL tear 

where osteophytes intrude the notch and it presents the 

impingement of graft in full extension of knee. Notchplasty 

restricted to anterior intercondylar notch, excess lateral 

notchplasty is refrained, else lateralization of graft will occur 

in the femoral attachement site.  

 

Femoral Tunnel Preparation: The native ACL footprint is 

marked keeping knee in 90 degrees of flexion and entry point 

is marked with aid of femoral offset aimer the marked point is 

drilled till the tip of guide wire pierces the lateral side of 

thigh. Now with drill bit the femoral tunnel is established by 

drilling both the cortices. Later the tunnel is reamed according 

to the diameter of the graft. The reaming is limited to 20mm 

from the far cortex. 

 

Tibial Tunnel: With the aid of tibial guide, the tibial tunnel is 

established by keeping the knee in 70-90 degree flexion. The 

tibial guide placed 55-60 degree to tibial plateau to obtain 

accurate angle of native ACL. For stable fixation it should 

have a minimum of 20mm bone to secure the graft. With the 

rasp the tunnel is contoured and confirmed the outer portion 

tunnel is free of any soft tissues.  

 

Graft Fixation: Graft is then passed through the femoral 

tunnel through arthroscopic guidance and the endobutton in 

flipped, cyclical tensioning of the graft is done by flexion and 

extension of the knee joint and then fixed with interference 

screw on the tibial side. The excess graft is trimmed and the 

stability of the knee is assessed by Lachman and pivot shift 

test. The incision is closed in layers.  

 

Postoperative Management: Rehabilitation protocol 

initiated from POD 1. Dressing done on POD 2, 5, 7 and 

suture removed on 12th day. The patients were evaluated by 
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ADT, PST & LT and Lysholm knee scoring scale. 

 

Results 

The youngest patient was 21 yrs and the oldest patient was 52 

years old. The maximum number of patients were in the age 

group of 18-25 (40%) followed by the age group 26-29yrs 

(27%). The mean age was 29.2yrs. In our series of 30 

patients, 25 patients (83%) were males and 5 patients (17%) 

female, (Male Predominance). It may be because of the 

involvement of males in outdoor activities like sports and 

motor vehicle accidents. Right knee was injured in 24 patients 

(80%) and left knee was injured in 6 patients (20%). Most of 

the ACL tears were caused by RTA (70%). Next common 

cause was sports activities (17%). Some patients (13%) got 

injured while doing daily activities like slip and fall. Majority 

of the patients who were operated had a time interval from 

injury to surgery between 6 weeks – 3 months (33%) followed 

by 3 months- 6months (30%). 40% Patients were having 

instability and 27% cases presented with knee pain. 13% gave 

history of locking of knee, 20% presented with instability and 

knee pain. Diagnostic arthroscopy prior to ACL 

reconstruction confirms the medial meniscal tear in 37% cases 

and 13% lateral meniscal tear. Both the menisci were injured 

in 7%. 43% were isolated ACL injuries. 5 patients (17%) had 

pain. Infection was present in 2 cases (7%). patients (7%) 

were having grade I laxity. 2 patients (7%) had flexion 

difficulty. 57% of patients were compliant to postoperative 

rehabilitation protocol and 43% were Non-compliant. 40% of 

the study population were actively involved in sports 

activities. At the 9th month follow up 80% of the patient had 

excellent score which were 57% at the 3rd month. 13% of 

patient had good score at the end of 9th month and 7% of 

patient had fair score. None of the patient had poor score. 
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Graph 1: Distribution of cases based on lysholm knee score 
 

 
 

Graph 2: Distribution of cases based on postoperative complications 
 

Table 1: Distribution of cases based on presenting symptoms 
 

Symptoms Number Percentage 

Instability 12 40 

Knee pain 8 27 

Locking 4 13 

Instability and knee pain 6 20 

Total 30 100 
 

Table 2: Distribution of cases based on associated injuries 
 

Number Associated injury Frequency Percentage 

1 Isolated ACL tear 13 43 

2 MM Tear 11 37 

3 LM Tear 4 13 

4 MM and LM tear 2 7 

 Total 30 100 

 

http://www.orthopaper.com/


 

~ 7 ~ 

International Journal of Orthopaedics Sciences www.orthopaper.com 
Discussion 

In the past, ACL tear was contemplated to be of faintly a tiny 

importance to the extensive function of the knee. The concept 

of ACL reconstruction and evolution of the surgery over the 

period of years had made awareness among young surgeons 

and led to a riveting transformative path and now it is 

considered as one of the common procedures in Orthopaedics. 

As the technique of ACL reconstruction progressed in the last 

few decades and secured infallible results. Exchange of views 

on the choice of graft has become a altercation in the recent 

years. The options of graft for ACL reconstruction 

comprehend Hamstring auto graft, bone patellar tendon graft, 

quadriceps graft, allograft and various synthetic graft. Out of 

these frequently used grafts are Hamstring graft and bone 

patellar tendon graft. 

The use of hamstring graft had credence as panacea for the 

problems with bone patellar tendon graft and has advantage in 

spite of having a reduced strength of the native ACL. 

Our study is to assess the functional outcome of 

reconstruction of ACL using quadrupled HS autograft. This 

observational study was conducted in Jawaharlal Nehru 

Medical College, Dr. Prabhakar Kore Hospital, Belagavi to 

clinically assess the efficacy of arthroscopic reconstruction of 

ACL with quadrupled hamstring graft. The study group 

comprised of 30 patients. In our study the most common 

mode of injury was found to be Road traffic accident followed 

by sports. Among sports football was the commonest cause of 

ACL injury. Male form most part in our study. Abundant of 

the patients were in the age group of 18-25 (40%) patients 

underwent ACL reconstruction 6 weeks to 3 months after 

initial injury. 

Tetsuo Hagino et al. [4] commented that in acute group medial 

meniscus tear was found in 69.4%, lateral meniscus was 

10.8% and both meniscus in 19.9%, whereas in chronic group 

medial meniscus 33.9%, lateral meniscus in 24.7% and both 

the meniscus in 41.4%. The study concluded that meniscal 

tear associated with ACL injury is more in chronic cases and 

medial meniscus predominantly higher. In our study 

associated meniscal injury is found to be 50%. 13 patients had 

isolated ACL injury, 11 pts had medial meniscus injury and 4 

patients had lateral meniscus injury and 2 patients had both 

the meniscus injured. Commonly injured was isolated ACL 

which was in commiserating with the other studies [10]. In our 

study among the patients with meniscal injury 3 patients were 

treated by partial meniscectomy and meniscus repair was 

done for 6 patients and rest were managed conservatively. We 

have tried to avoid doing meniscectomy since that accelerates 

the degenerative changes the knee joint. So this in 

commiserate with the functional outcome of isolated ACL 

injury.  

All patients are evaluated with Lysholm and Gillquist scoring 

at the end of 6 months. The maximum score achieved was 100 

and minimum score was 80. Initial follow up at 3rd month, out 

of 30 only 17 (57%) patients had excellent score, at 6th month 

21 (70%) had excellent score, it improved to 80% at 9th month 

follow up. 13% of patient had good score at end of 9th month 

and 7% of patient had fair score. None of them had poor 

score. 

The fixation of the graft has been proved to be the site of 

failure rather than the graft itself irrespective of the type of 

graft especially in the early rehabilitation phase when the 

graft integration has not taken place and the fixation is of little 

significance after 8 to 12 weeks when graft has integrated 

with the bone as proposed by Dawn T Gulick [5]. There has 

not been a single graft failure in our study from early 

rehabilitative phase to 9 months of follow up [6].  

There was no significant patellofemoral pain noticed in the 

patients in our study. This is similar to the study by Railey et 

al. [8]. Who did not observe any clinically relevant 

patellofemoral pain in patients in whom arthroscopic ACL 

reconstruction using hamstring graft was done? 

Williams et al in their study of 2500 cases of arthroscopic 

ACL reconstruction, reported an infection rate of 0.3%. In our 

study 2 patients had superficial infection which subsided with 

IV antibiotics [7]. 

The rehabilitation programme followed in our study ensured 

from preventing the complication due to ACL reconstruction 

like pain, inflammation, swelling, restoring normal range of 

motion, preventing muscle atrophy [9]. 
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Fig 1: Tensioning the graft 
 

 
 

Fig 2: Graft fixation in tibia with interference screw 
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Conclusion 

Anatomical reconstruction of ACL with quadrupled hamstring 

graft gives better clinical outcomes. The advantages of using 

hamstring graft are reduced donor site morbidity and less 

anterior knee pain in long term follow up. It has better 

subjective and objective functional outcome with low graft 

rejection or failure rate. The success of the Anterior Cruciate 

Ligment Reconstruction depends of experience of the surgeon 

in arthroscopic technique, exact placement of the graft and 

patients compliance on rehabilitation protocol. 
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Abstract 

 
Introduction: Venous thrombo-embolism (VTE), which consists of deep vein thrombosis 

(DVT) and pulmonary embolism, is a potentially fatal condition. According to Western 

literature, DVT of lower limb veins is one of the most common complications following 

surgeries for lower limb. Few studies have been published from India on the subject and little 

is known about the true incidence of the DVT. Complications of DVT carry high mortality 

and morbidity. Thus, it is important to understand every aspect of DVT for which it is 

advisable to determine incidence of DVT by using proper diagnostic tools which have high 

sensitivity and specificity. 

Materials and Methods: A hospital based observational study was conducted in the 

department of orthopaedics after approval from the ethical committee. Data was collected 

from the admitted patients who were willing to take part in study according to selection 

criteria and willing to undergo colour Doppler evaluation for fractured lower limb. 42 

subjects were included in the study. Pre-operative and post-operative venous colour Doppler 

was done on 5th post-op day for fractured lower limb. 

Results: In the study there were 42 subjects, with average age of 51.12±20.09 years. There 

were 15 females and 27 males in the study. Post operatively 9 subjects had DVT. Incidence of 

DVT after major orthopaedic surgeries was observed as 21.4%. Diabetes, alcohol intake, 

smoking and obesity were independent risk factors for development of DVT. 

Conclusion: Results of our study and other previous studies show that DVT is more common 

in Indian population than it was thought. Among the major fractures of the lower limb, hip  
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fractures were more commonly associated with DVT. Therefore, we suggest that colour 

Doppler should be used as a screening tool after major orthopaedic surgeries especially in 

elderly age group in whom risk factors and co-morbid conditions are present. 

 

Keywords: Major orthopaedics surgeries, hip fracture, DVT-Deep vein thrombosis, PE-

pulmonary embolism, VTE-venous thromboembolism 

 

Introduction 

 

Deep-vein thrombosis (DVT) is a common clinical condition which is associated with 

considerable morbidity and mortality. Major medical problems associated with DVT include 

death, post-thrombotic syndrome, right ventricular dysfunction, increased right arterial 

pressures and the risk of recurrent DVT. The risk factors for DVT include pregnancy, 

hormone replacement therapy, prolonged immobility, obesity, increasing age, long bone 

trauma, post-phlebitic syndrome which is associated with chronic leg swelling, pain, and 

sometimes skin ulceration. There are sporadic reports concerning the incidence of DVT but a 

systematic basis for diagnosing and preventing these complications has not been established. 

The venogram and ultrasound has been verified as the benchmark for detecting DVT [5]. Deep 

Vein Thrombosis (DVT) is defined as formation of thrombus in one of the veins in body [6]. 

DVT can lead to various complications which can be life threatening like Pulmonary 

Embolism (PE), Post thrombotic syndrome (PTS), chronic venous ulceration.  Virchow first 

described the pathological basis regarding formation of thrombus in 1856. There is enough 

data available in western world regarding incidence of DVT. In India we don’t have enough 

data about the incidence of DVT due to various reason like lack of availability of diagnostic 

modalities, unawareness among doctors. The clinical signs and symptoms are not specific to 

diagnose DVT as pain and tenderness in the calf muscles can be due to injury per se so we 

need to study about incidence of DVT after major orthopaedic surgeries in Indian scenario to 

establish guidelines which can reduce mortality and morbidity among patients by the 

diagnostic modality which is readily available, has high sensitivity and specificity and doesn’t 

have major limitations. Contrast Venography is the gold standard to diagnose DVT but it has 

various complications like contrast related anaphylactic reactions, acute renal failure. Its 

major disadvantage is that it is invasive method. In this study we have done pre and post-

operative colour Doppler which has high sensitivity and specificity and it is non-invasive 

method. By conducting this study we want to establish that if colour venous Doppler be made 

as screening tool after every major lower limb orthopaedic surgery. 

 

Methodology 

 

A prospective hospital-based study was conducted over a period of one year from January 

2020 to December 2020 after institutional ethical approval. Diagnosis was confirmed based 

on Colour Venous Doppler study of fractured lower limb pre-operatively and post-operative 

5th day. A total of 42 patients were enrolled based on selection criteria. 

 

Selection criteria 

 

Adult male and female patients with acute lower limb fractures that require surgical treatment 

and those who stayed in the hospital for minimum of 5 days were included in the study. 

Patients diagnosed with pathological fractures, tumour/carcinoma or any haematological 

disease were excluded. Patients with pre-operative DVT or having DVT in the past or those 

on oral anticoagulants or oral contraceptive pills were also excluded. 

 



2710 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 02, 2022 ISSN 2515-8260 

 
 
 
 
 

 

 

 
 

Study design 

 

In this observational study 42 subjects were included after taking consideration of inclusion 

and exclusion criteria. Informed consent was taken from all the participants in their own 

vernacular language. Approval of ethical committee was obtained. All the study subjects 

underwent pre-operative and post-operative venous Doppler ultrasonography for the 

diagnosis of DVT. Post-operative colour Doppler was done on 5th post-operative day. Colour 

Doppler was used as diagnostic modality because it offers many advantages like it is non-

invasive in nature, has sensitivity of 89%, a specificity of 100% and an accuracy of 94%.  

 

Results 

 

Out of 42 subjects there were 15 females and 27 males with mean age of 51.12±20.09. 

Among 42 subjects 9 patients were diagnosed to have DVT with incidence of 21.4%. All 

DVT patients received prophylactic treatment according to latest guidelines. Among 9 DVT 

patients 7 were smokers, 7 were diabetics, 8 had BMI >25, 6 had history of alcohol intake 

concluding that diabetes, alcohol intake, smoking and obesity are independent risk factors for 

development of DVT. Among fracture patterns DVT was most common in case of fractures 

around hip joint. Out of 9 fracture patterns 3 patients had Intertrochanteric fracture (IT), 2 

patients had neck of femur fracture, 1 had subtrochanteric fracture, 1 had patella fracture, 1 

had acetabulum fracture. 

 

 
 

Summary of variables 

 
Variables Sub-category Number of subjects 

Age (in years) 

≤ 30 12 

31-40 4 

41-50 2 

51-60 7 

61-70 9 

71-80 6 

≥ 81 2 

Sex 
Female 15 

Male 27 

Smoking 
No 31 

Yes 11 

Alcohol 
No 33 

Yes 9 
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DM 

Absent 33 

Present 9 

Present 12 

BMI (Kg/m2) 
< 25 24 

≥ 25 18 

Diagnosis 

Fractures around Hip joint 18 

Fractures femur shaft 7 

Fractures around Knee joint 4 

Fractures Tibial Shaft 10 

Fractures around Ankle joint 2 

Fractures around Pelvis 1 

Type of Operation 

CRIF with IMIL 27 

ORIF with plating 5 

Tension band wiring 1 

Hemiarthroplasty 5 

External fixation with external fixator/LRS 3 

ORIF with DHS 1 

Pre-Operative 

Doppler Evaluation 

Normal Doppler Study 41 

Superficial Thrombophlebitis 1 

Post-Operative 

Doppler Evaluation 

Deep Vein Thrombosis 9 

Normal Doppler Study 32 

Varicose Veins 1 

 

Discussion 

 

The incidence of DVT after major orthopaedic surgeries was 21.4% in our study. Out of 9 

DVT patients 5 were diagnosed with hip fractures. An observational study with colour 

doppler on patients with neck of femur fractures by Ya-Hui Fu et al. found that the incidence 

of DVT preoperative and postoperative were 32% and 56%, respectively. Blood loss, diabetes 

and open reduction internal fixation were independent risk factors for DVT. Lim Y W et al.  

Studied 104 patients with intertrochanteric fracture, subtrochanteric fracture and neck femur 

fractures. The colour-Doppler was performed on 5th day post-operatively. They concluded 

DVT incidence to be 8%. Singh R et al. did similar study and determined DVT incidence to 

be around 18.13 percent. Colour Doppler was performed after orthopaedic surgeries around 

hip and knee. The findings of our study are consistent with this study. 

Our study revealed that smoking, alcohol intake, DM, hypertension, BMI >25 are found to be 

the self-determining risk factors for DVT. Out of 9 DVT patients 7 had history of smoking, 6 

had history of alcohol intake, 8 had BMI > 25, 7 had history diabetes mellitus. In the study of 

2468 thromboembolic subjects by Gregory Piazza et al. , 476 had history of diabetes mellitus 

hence it was concluded that diabetes mellitus is the independent risk factor for developing 

DVT. This finding is consistent with finding of our study. Yun-Jiu Cheng et al. conducted a 

study to evaluate smoking as a risk factor for development of DVT using literature search and 

concluded that smoking increases the risk for development of DVT. 

KAL Darvall et al. conducted study to find association of DVT with obesity by using 

Cochrane library database and concluded that obesity is the independent risk factor for 

development of DVT. This finding is consistent with finding of our study. 

 

Conclusion 

 

In conclusion, the incidence of DVT after major orthopaedic surgeries was 21.4%. Diabetes, 

alcohol intake, smoking and obesity are independent risk factors for development of DVT.  
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Among the fracture patterns, DVT was most common in case of fractures around hip joint.  

Results of our study and other previous studies show that DVT is more common in Indian 

population than it was thought. Therefore, we suggest that colour doppler should be used as a 

screening tool after major orthopaedic surgeries especially in elderly age group in whom risk 

factors and co-morbid conditions are present so that the devastating complications like 

Pulmonary embolism, post thrombotic syndrome can be prevented and mortality and 

morbidity of the patient can be reduced. 

 

Limitations of the study 

 

Sample size of our study was small. To confirm the findings of this study, larger pool of 

patients is needed. 

 

Recommendations 

 

1. To conduct large scale studies to find out true incidence of DVT in Indian population 

after major orthopaedic surgeries. 

2. To make colour Doppler as a screening tool for DVT after major orthopaedic surgeries 

especially in elderly age group in whom risk factors and co-morbid conditions are present. 

 

Conflicts of Interest: None. 
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ABSTRACT

Background & objec ves: Bacterial vaginosis (BV) is a
Reproduc ve tract infec on (RTI) among young sexually
ac ve women with high prevalence. It is associated with
complica ons related to pregnancy and an increased risk
of acquiring STDs. This poses a need for cost-effec ve
detec on of BV in low resource se ngs. Hence, we propose
to study the u lity of vaginal pH determina on for the
detec on of BV.

Material & Methods: This is a single center, 1 year
cross-sec onal study. Swabs were collected from 250
non-pregnant women a ending the out-pa ent department
of Obstetrics and Gynecology with vaginal discharge as
a predominant symptom with or without backache and
abdominal pain. Vaginal pH determina on, Gram stain, wet
mount, Whiff test, and Amsel’s criteria were used for BV
detec on.

Results: 250 study par cipants with vaginal discharge
sugges ve of BV were analyzed. Vaginal pH was significantly
higher in women with BV with the mean pH being 6.2.
Vaginal pH >4.5 had a sensi vity of 85% and specificity of
66% to detect BV. The Whiff test had the least sensi vity.
Clue cells and Amsel’s criteria of≥ 3 were significant for BV.
A combina on of pH and Whiff test performed be er had
high sensi vity and specificity.

Conclusions: A combina on of pH determina on and the
Whiff test serves as a low-cost alterna ve in resource-poor
se ngs for detec on of BV. Though Clue cells and Amsel’s
criteria≥ 3 were most sensi ve and specific, they cannot be
used in low resource se ngs. Vaginal pH alone can be used
to detect BV in areas of low prevalence.

KEYWORDS: Vaginal pH, Bacterial Vaginosis, Point of care
test

INTRODUCTION

Reproduc ve tract infec ons (RTIs) are a frequent cause
of OPD a endance in gynecology repor ng with symp-
toms like abdominal pain, backache, vaginal discharge,
burning micturi on, itching over genitalia, and dyspareu-
nia [1, 2]. About 60% women complain of vaginal discharge,
otherwise known as leucorrhoea [2]. Leucorrhoea is exces-
sive watery/thick, white/yellow/green, purulent vaginal dis-
charge, non-blood stained, may or may not be associated
with obvious local pathology [3, 4]. It may be physiological
or pathological. The most frequent causes of pathologi-
cal vaginal discharge which cover almost 95% of cases are
Bacterial Vaginosis, Vulvovaginal candidiasis, Trichomoni-
asis, and Pelvic inflammatory disease (PID) [5–7]. The vagi-
nal microbiome harbours lactobacilli which maintain a low
vaginal pH (<4.5). Vaginal dysbiosis causes scarce lacto-
bacilli which alter vaginal pH leading to abundant growth
of anaerobes like Gardnerella vaginalis, Mycoplasma homi-
nis, Urea plasmaurealy cum and anaerobes viz Prevotella,
Mobilincus and Bacteroides which form an infected biofilm
[8, 9].Vaginal dysbiosis is found to vary in different regions
of the world causing varia ons in its prevalence depending
on the geographic loca on, socio-economic status and eth-
nicity.Bacterial Vaginosis(BV)commonly presents as a mal-
odourous discharge per vagina that is thin, grey or milky
in women of reproduc ve age. It is one of the com-
monest RTIs with high prevalence in young sexually ac ve
women. Among non-pregnant women, the prevalence of BV
is around 20- 47% in developing countries. Apart from being
a source of constant distress, BV causes adverse pregnancy
outcomes like miscarriages, s llbirth births,preterm births,
premature rupture ofmembranes, chorioamnioni s, ectopic
pregnancy etc [10, 11]. Other complica ons like vault celluli s
a er hysterectomy, endometri s following caserean sec on
or abor on, infer lity, chronic pelvic pain are also associ-
ated with BV [11]. It is known to increase the risk of sexu-
ally transmi ed diseases like gonorrhea, trichomoniasis, and
infec ons with Human Papilloma Virus (HPV), Herpes Sim-
plex Virus-2 (HSV-2), and Human Immunodeficiency Virus

www.pimr.org.in
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(HIV) Infec on. Recurrence of BV is reported in approxi-
mately about 52% of women even a er complete treatment
requiring repeated an bio c therapy [12, 13].

The WHO (World Health Organiza on)recommends an
algorithm for the management of vaginal discharge. It is
based on a clinical assessment to iden fy cervicovaginal
infec ons and ini ate syndromicmanagement. It is however
found to have low sensi vity, low Posi ve Predic ve Value
leading to over treatment [14]. Several genomic studies have
demonstrated that in many of healthy women, there is a
lack of lactobacilli colonies and other bacteria maintain the
acidic pH of the vagina. In such women using Nugent’s score
may not be appropriate. Moreover, diagnos c tests for BV
namely Amsel’s criteria and Nugent’s score need qualified
personnel, are cumbersome and me-consuming [15, 16].

There is a need to evaluate low-cost, rapid diagnos c tests
for BV owing to the high prevalence and burden of health
problems it can cause due to delayed detec on and ini a on
of treatment. Hence, we conducted this study to evaluate
the u lity of pH strips for the diagnosis of BV in our
popula on.

MATERIAL AND METHODS

Study design- This was single-centre, 1 year prospec ve
cross-sec onal study conducted at a ter ary care teaching
hospital. Our hospital is a major referral center in North
Karnataka. The study was conducted from January 01, 2016
to December 31, 2016.

Study se ng- This study was conducted in Department of
Obstetrics and Gynecology and Department of Microbiology
a ached to KAHER’S Jawaharlal Nehru Medical College,
Belagavi. Non-pregnant women between the age group
of 18-45yrs (reproduc ve age group) a ending Out Pa ent
Department (OPD) of Obstetrics and Gynecology, with
symptoms of excessive watery/thick, white/yellow vaginal
discharge with or without associated itching, backache
or abdominal pain were included in this study. The
study was approved by the ins tu onal ethics commi ee
(MDC/DOME/385).

The sample size was calculated using the formula n= 4pq/
d2where, n= sample size, p= 30 (prevalence), q= 70 (100-
p), d= absolute error = 20%. Power of test at 80% with 5%
significance. The sample size determined was 233.

A total of 562 women with vaginal discharge were
screened, 280 women sa sfying the inclusion criteria were
included in the study.

Inclusion Criteria were Married/ sexually ac ve women in
the reproduc ve age group (18-45 years)with excessive vagi-
nal discharge. Exclusion Criteria were Women with ac ve
vaginal bleeding, pregnancy, unmarried, history of inter-
course in the last 48hrs, postnatal, post-hysterectomy status,
post-menopausal, women on hormonal therapy/Oral Con-
tracep ve Pills (OCPs), Intrauterine Contracep ve Device
(IUCDs), women currently on an bio cs or who had his-

tory of an bio c intake within the last 2 weeks, women
with genital prolapse, women with a history of procedures
done on the cervix (viz Trachelectomy, cervical amputa on,
LEEP, cryotherapy) and women with cervical lesions or vagi-
nal growth were excluded.

Data collec on: Informed consent was taken. The
demographic and clinical details were collected using pre-
tested proforma.

Sample collec on:Per-speculum examina on was done
by a gynecologist under asep c condi ons. The nature
of the vaginal discharge was noted. Three high vaginal
swabs/vaginal secre on were collected from posterior and
lateral fornices for determining pH, Wet mount, Gram
staining. The pH es ma on was done in OPD using standard
pH strips with range of pH from 3.5 to 9. The sample was
processed in the hospital laboratory for Gram staining and
wet mount.

Diagnosis of BV: Gram-staining with Nugent’s score >6
was used to diagnose BV. The clinical composite criteria
reported by Amsel et al for diagnosing bacterial vaginosis
was also evaluated were thin homogeneous discharge,
vaginal pH greater than 4.5, posi ve Whiff test ,release of
amine odor a er addi on of 10% KOH, and clue cells on
microscopic evalua on. The presence of any three of the
four Amsel’s criteria confirms BV [13, 14].

RESULT

250 samples were analyzed a er excluding the ones with
vaginal commensals, Trichomoniasis and Candida on gram
staining and microscopy. Con nuous data were compared
with t-test and categorical data compared with the chi-
square test. Sensi vity, specificity, NPV, and PPV with the
categorical variable were calculated with a 2x2 con ngency
table, and with con nuous, variable ROC curve was plo ed.
Sta s cal analysis was done using Graph pad prism 9 and a
p-value of <0.05 was considered significant.

Demographic characteris cs of study par cipants-

The demographic data including the age, literacy, parity
and socio-economic status is represented inTable 1. The
mean age in our study was 31.22± 7.9yrs. 30% of women
belonged to the age group of 18-25 years. A propor on of
30.4% had primary educa on.30.8%belonged to the middle
class. The median parity was 2. No significant difference
was noted in the age, educa on, and socioeconomic status
of women with and without BV.62.2% of women had
undergone a permanent steriliza on procedure.

Vaginal discharge characteris cs in women with and
without BV

The nature of vaginal discharge was compared in women
with and without BV. Table 2 represents the characteris cs
of vaginal discharge in both groups. Among 250 women,
221 (88%) had a thin, grey, homogenous discharge.29 (12%)
of them had a thick, white, non-offensive discharge. Thin
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Variables
Groups

BV (n=156) No BV
(n=94)

Age (Mean±SD)* 30.9± 8.03 31.73±7.6

Literacy (No. & %)$

Illiterate 8 (5.1) 7 (7.4)

Primary 46 (29.48) 30 (30.8)

Middle school 27 (17.3) 14 (14.8)

Secondary 35 (22.43) 16 (17.02)

Graduate 40 (25.61) 27 (28.73)

Median Parity 2 2

Socio-economic status

Upper class 08 09

Upper middle class 38 39

Middle class 30 26

Lower middle class 11 09

Lower class 40 40

* p = 0.43, $ p=0.0009

Table 1: Demographic details of par cipants

homogeneous discharge was significantly associated with
BV. A total of 141 (56.4 %) women had vaginal pH >4.5. The
mean pH being 6.2. The difference in vaginal pH between
women with and without BV was significant (p<0.001).
Vaginal odor was not a predominant complaint in women
with BV in our study. The presence of clue cells and posi ve
whiff test were significant (p<0.001) for detec on of BV.
Amsel’s criteria(≥ 3) was significant (P<0.001) for BV.

Comparison of the various tests for detec on of BV

Sensi vity, specificity, 95% CIs, of individual tests and
combina on of tests for detec on of BV, when compared
with Nugent’s score are shown in Table 3. Vaginal pH >4.5
had a sensi vity of 85% and specificity of 66% . The presence
of clue cells had a sensi vity of 95% and specificity of 90%
among the individual criteria. This test performed be er
individually for the detec on of BV. Amsel’s criteria had the
highest sensi vity of 98% and specificity of 80% and an NPV
of 99%. Among the combina on criteria, Clue cells and
pH >4.5 had the highest sensi vity and specificity. pH test
when combined with posi ve Whiff test had 40% and 75%
sensi vity and specificity, respec vely.

To iden fy the sensi vity and specificity of pH (<4.5),
Receiver opera ng curve (ROC) was plo ed as shown in
Figure 1 which shows that vaginal pH test was found to be
significant (p=<0.0001) with the area under the curve (AUC)
of 0.85.

Variables
Groups P

valueBV
(n=156)

No BV
(n=94)

Nature of discharge

Thin homogenous 134 (85.8) 87 (92.5)
0.11

Thick white 7 (7.4) 22 (14.1)

Vaginal odour 60 (38.4) 30 (31.9) 0.027

Diagnos c tests

Posi ve Whiff test 40 (42.55) 2 (1.2) <0.001

Clue cells present 87 (92.5) 58 (37.1) <0.001

Amsels criteria (≥3) 93 (98.9) 30 (19.2) <0.001

pH (>4.5) 90 (95.7) 51 (32.6)

Table 2: Characteris cs of vaginal discharge among par ci-
pants

Figure 1: Area under the curve (AUC) was found to be 0.85
and test was significant (p=<0.0001)
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Test Sensi vity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)

Whiff test 0.42 (0.33-0.52) 0.68 (0.65-0.73) 0.95 (0.84-0.99) 0.74 (0.67-0.79)

Clue cells 0.92 (0.85-0.96) 0.90 (0.85-0.95) 0.60 (0.51-0.67) 0.93 (0.86-0.96)

Amsel’s criteria 0.98 (0.94-0.99) 0.80 (0.73-0.86) 0.75 (0.67-0.82) 0.99 (0.95-0.99)

p H strip >4.5 0.85 (0.80-0.90) 0.66 (0.58-0.73) 0.63 (0.55-0.71) 0.96 (0.90-0.98)

p H &Whiff test 0.94(0.83-0.99) 0.98(0.93-0.99) 0.94(0.83-0.99) 0.98(0.93-0.99)

p H & Clue cells 0.95(0.88-0.98) 0.98(0.91-0.99) 0.98(0.94-0.99) 0.73(0.60-0.78)

pH & Amsel’s(≥ 3) 0.75(0.67-0.82) 0.99(0.94-0.99) 0.98(0.94-0.99) 0.78(0.70-0.84)

CI- confidence interval, PPV- posi ve predic ve value, NPV- nega ve predic ve value

Table 3: Strengths of various diagnos cs methods of BV as compared to Nugent’s Score.

DISCUSSION

BV is the commonest RTI in women of reproduc ve age
group [12]. The WHO protocol on syndromic management of
vaginal discharge based on clinical examina on is effec ve
but leads to over treatment [13].We found thatnature of
vaginal discharge to detect BV was only 48% sensi ve
to diagnose. As there could be other factors causing
physiological varia on of discharge, using the nature of
discharge alone can lead to unnecessary medica on or
treatment with inappropriate drugs. Both situa ons can
be harmful Hence, more objec ve tests are required to
establish the diagnosis [14, 15].

In our study, pH determina on was 85% sensi ve and
66% specificwith NPV of 96% to detect BV as compared to
the study done by Hemalata et al [16].The high sensi vity
could be because we excluded women who have cervical
erosion,intermediate flora on gram staining, and those
who had a history of coitus in the last 48hrs to eliminate
false eleva ons in pH caused by semen and mucus.pH
>4.5 could also mean change in vaginal microbiome with
lesser lactobacilli which is permissive to growth of atypical
bacteria. We found be er correla on of pH and BV in pH
es mates of >6.

It was observed that Whiff test had lesser sensi vity but
was more specific as seen in Table 3. This could be due
to need for good sense of smell to detect the amine odor.
The combined pH and Whiff test were more specific for the
detec on of BV which was similar to a study by Posner et
al. In low-resource se ngs, this serves as an inexpensive
method of diagnosis of BV [17]. This combined test is easy to
learn and interpret as not much skill is involved. Hence, it is
a valuable tool in low-resource and community se ngs for
management of BV.

Clue cells were the single most reliable indicators of
BV in our study as shown in Table 3 which concurs with
most studies [18]. Though it is a simple method, the need
for a microscope, trained personnel on-site, and being
me-consuming are its major limita ons [17, 18]. This can be

prac cal in hospital set-ups but not in low-resource or
community se ngs.

The sensi vity and specificity of Amsel’s criteria (≥3)were
comparable with most other studies. Combined use of pH
and Amsel’s improved detec on to almost 98% in our study.
This finding eliminates need for microbiological culture for
confirma on of BV.

LIMITATIONS OF THE STUDY

Since this study was done in women who already
had symptoms of vaginal discharge, the findings cannot
be extrapolated to asymptoma c women with BV. Larger
popula on based-studies would be needed to study the
vaginal microbiome in our popula on and test the validity
of vaginal pH changes in them.

CONCLUSION-

Vaginal pH determina on of >4.5 is a very quick, cost-
effec ve point of care test and sensi ve test for the diagnosis
of BV. It can be for rapid diagnosis of BV. Combining vaginal
pH with the Whiff test is a low-cost alterna ve to other
diagnos c tests for BV. Higher the pH, be er is the detec on
of BV. In areas of low prevalence, vaginal pH alone can serve
as a tool for detec on for BV.
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Abstract

Original Article

IntRoductIon

Hypertension (HTN) is a well-known risk factor for global 
mortality and morbidity.[1] Disease burden among adults as 
an outcome of HTN has doubled from 594 million in 1975 to 
1.13 billion in 2015, with a disproportionately large prevalence 
observed in low- and middle-income countries.[2] In India, the 
Global Burden of Disease study attributed 1.63 million deaths 
as a consequence of HTN in 2016 alone.[1] Etiological factors 
of HTN are ubiquitous in nature; however, experimental 
evidence suggests that elevated serum uric acid (SUA) level 
was an independent predictor of HTN and progression of blood 
pressure (BP).[3] Nevertheless, the role of SUA as a marker, or 
risk factor for HTN, remains unclear.[4]

SUA level above the threshold of 6.8 mg/dL is referred to as 
hyperuricemia.[5] Hyperuricemia can result in gout, endothelial 

dysfunction, or uric acid nephrolithiasis, which further 
worsen the quality of life in hypertensive patients.[5,6] SUA 
concentrations rise either due to increased uric acid production 
or decreased excretion, or a combination of the two. Increased 
consumption of protein, alcohol, and enzymatic abnormalities 
of uric acid/urate transporters in purine metabolism are key 
factors in increasing SUA production.[7,8] This prolonged 
accrual of SUA facilitates the development of HTN by 
multiple pathways, such as activation of the renin–angiotensin–
aldosterone pathway, influencing glomerular apparatus, uric 
acid-induced smooth muscle cell proliferation, or heightened 
hyperinsulinemia that effectuates decrease in excretion of uric 
acid, potassium, and sodium that results in elevated BP.[9] As 

Background: Hypertension is associated with a myriad of confounding factors, out of which elevated serum uric acid (SUA) profile is of 
interest as a biomarker. Despite a handful of studies alluding to the seminal relationship between the two, its prevalence and correlation in 
the Indian context have not been adequately investigated. Hence, the present study was aimed to evaluate the relationship between SUA 
levels and primary hypertension (HTN). Materials and Methods: This 1-year hospital-based cross-sectional study comprised 100 patients 
who were recently diagnosed with primary HTN and had not received antihypertensive medications, SUA levels and severity of HTN among 
patients were assessed along with their age, sex, body mass index, total cholesterol, and lipid profile. Results were statistically analyzed by 
Chi-square test, logistics regression, t-test/Welch t-test/Mann–Whitney U-test, and Pearson–Spearman rank correlation. Results: A strong 
correlation between SUA level with systolic blood pressure (SBP) in patients with primary HTN (r = 0.5046; P < 0.0001) was observed. 
The mean SBP (163.89 ± 9.99 mmHg) was significantly high (P < 0.001) in hyperuricemic patients, and raised SUA was noted in 38% of 
the cohort. Stage II hypertensive subjects of the 58–66 years age group were found to be a particularly vulnerable group (odds ratio of 32). 
History of diabetes mellitus, tobacco, and alcohol consumption showed a significant association with elevated SUA levels in males (P < 0.05). 
Conclusion: One in every three primary hypertensive patients is likely to present with hyperuricemia, and there exists a pertinent association 
between elevated SUA levels with SBP.
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the levels of SUA and BP are reflective of the inner physiology, 
which itself is influenced by aging, body mass index (BMI), 
dietary intake, and lifestyle habits, evaluating the relationship 
between SUA and HTN becomes a complex task.[10]

Although a couple of studies have commented on the nexus 
between SUA and HTN, there is a dearth of literature pertaining 
to the prevalence of hyperuricemia, its association, and 
correlation with demographic and physiological characteristics 
in hypertensive patients. Moreover, most of the previously 
conducted studies have investigated patients being treated with 
antihypertensive agents.[11]

Considering these facts, the present study was undertaken (1) 
to find the association between hyperuricemia and BP in 
newly diagnosed primary HTN and (2) to find the association 
of hyperuricemia in hypertensive patients with regard to 
ancillary factors of HTN such as gender, age, BMI, and high 
triglyceride levels.

MateRIals and MetHods

This cross sectional study was under taken at KAHER’s 
(KLE academy of Higher Education and Research) Dr. 
Prabhakar Kore hospital and MRC, Belagavi, Karnataka, 
attached to Jawaharlal Nehru Medical College. A total of 100 
adult patients diagnosed with primary HTN as per the 2017 
American College of Cardiology/American Heart Association 
guidelines were enrolled.[12] Patients with renal failure, gout, 
malignancy, secondary HTN, and pregnancy-induced HTN and 
those receiving pharmacological treatments such as thiazides, 
loop diuretics, pyrazinamide, allopurinol, and ethambutol were 
excluded from the study. The ethical clearance was obtained 
from the institutional ethics committee and written informed 
consent was obtained from all participants

Data collection
The sample size was calculated based on the formula as 
mentioned below.

4
2

× p× qn =
d

Where, p = prevalence of the disease which was considered 
as 50% due to scarcity of data on primary/essential HTN in 
the study area

q = 100–P = 100–50 = 50

d = Absolute error taken as 10%

Therefore, 
2

4 ×50 × 50=
10

n

n = 100

Hence, a sample size of 100 was considered for the study.

This study was conducted over a span of 1 year between 
January 2018 and December 2018. Demographic details of 
patients such as age, gender, and occupation along with a 
comprehensive medical history were noted. Baseline clinical 

features encompassing height (m), weight (kg), BMI (kg/m2), 
systolic BP (SBP), and diastolic BP (DBP) (mmHg) were 
evaluated by a thorough general physical examination. BMI 
was estimated by dividing the weight (kg) of patients by the 
square of their height (m) and subsequently classified according 
to overweight and obesity by BMI in adult Asians.[13] BP of 
patients was recorded by the digital sphygmomanometer 
OMRON HEM-8712 in the sitting position after a respite 
of 5 min. BP was recorded thrice and the mean BP was 
calculated.[14] A baseline SBP of 140–159 mmHg or DBP 
of 90–99 mmHg was recognized as Stage I HTN, whereas 
baseline SBP of ≥160 mmHg or DBP ≥100 mmHg was 
recognized as Stage II HTN.[15] Under aseptic conditions, 2 mL 
of venous blood was collected in ethylenediaminetetraacetic 
acid vials for further investigations such as SUA (mg/dL), 
hemoglobin (gm%), complete blood count (CBC), platelet 
count (/mm3), serum urea (mg/dL), thyroid stimulating 
hormone(mIU/L), random blood sugar (RBS) (mg/dL), total 
cholesterol l (mg/dL), low-density lipoprotein (LDL) (mg/dL), 
high-density lipoprotein (HDL) (mg/dL), and triglyceride 
levels (mg/dL). Early morning venous blood samples were 
used for SUA and lipid profile analysis. SUA was estimated 
by the uricase – POD enzymatic colorimetric method using the 
SPINREACT kit (Spinreact SAU, Girona, Spain) according 
to manufacturer’s instructions.[16] SUA >6 mg/dL and 
SUA >7 mg/dL were considered as hyperuricemia for male and 
female, respectively. Lipid profile was ascertained based on 
National Cholesterol Education Program guidelines.[17] Total 
cholesterol, LDL, and triglyceride values above 200 mg/dL, 
100 mg/dL, and 150 mg/dL, respectively, were considered to be 
elevated. HDL values below 50 mg/dL in females and 40 mg/dL 
in males were considered abnormal. SUA levels noted among 
patients were classified into four quartiles of <4.69, 4.69–5.58, 
5.58–6.52, and ≥6.52 mg/dl, as depicted by Wei et al.[18]

Statistical analysis
The data were recorded in a Microsoft Excel spreadsheet and 
analyzed using R i386.3.5.1 software. Continuous data were 
represented as mean ± standard deviation and the categorical 
variables were reflected by the frequency table and analyzed 
by Chi-square test. Continuous data were compared using 
t-test/Welch t-test/Mann–Whitney U-test. Pearson’s correlation 
between SUA levels with myriad factors such as age, SBP, 
DBP, total cholesterol, LDL, HDL, and triglycerides along with 
analysis of association logistic regression was performed. At 
95% confidence interval, P < 0.050 was considered significant.

Results

A study cohort comprising 100 patients showed a male 
preponderance of 68%. Study participants were aged 
between 31 and 80 years, with the majority belonging to the 
61–70 age group. The overall mean age of the patients was 
57.22 ± 11.46 years. Table 1 enumerates the baseline features 
of patients, differentiated by their gender. The SUA noted 
ranged between 2.50 and 13.50 mg/dL with mean and median 
of 6.32 ± 2.46 mg/dL and 6.15 mg/dL, respectively. Most of 
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the patients (37%) had a BMI between 23.00 and 24.99 kg/m2. 
The frequency of hyperuricemia in patients with BMI ranged 
between 23.00 and 24.99 kg/m2 (29.73%), 25.00 and 
29.99 kg/m2 (64.71%), and ≥30 kg/m2 (100%); however, BMI 
was insignificant association with hyperuricemia (P = 0.4879).

Overall, the SBP levels ranged between 130 and 180 mmHg 
with a mean and median of 156.16 ± 12.09 and 156 mmHg, 
respectively, whereas DBP levels varied between 80 and 
100 mmHg with 93.46 ± 5.05 and 94 mmHg as mean and 
median values, respectively [Table 1]. Hyperuricemia 
characterized by raised SUA levels was seen in 38% of the 
patients. Comparison of mean SBP values among the sexes 
revealed less mean SBP in females than males (P = 0.0008). 
Among the females, the mean values of CBC as well as platelet 
count were found to be elevated (P = 0.0046, P = 0.0213). 
There was a significant positive correlation of influencing 
factors such as SBP, DBP [Figure 1], age, and RBS [Figure 2] 
with SUA.

Out of 100 subjects, 33 patients with Stage II HTN had SUA 
levels ≥6.52 mg/dL, while the same was noticed in 10 Stage I 
HTN patients [Figure 3]. Subsequently, the association between 
SUA and the stage of HTN was significant (P = 0.0002). In all 
participants, for every one-unit increment in SUA, the odds 
of Stage II HTN increased by 98% after adjusting for other 
factors as determined by logistic regression. The odds of 

developing Stage II HTN were 10.72 times higher in patients 
with hyperuricemia than normal subjects on adjusting other 
factors. There was a difference predisposition of Stage II HTN 
for hyperuricemia among males with an adjusted odds ratio 
of 43.98 (P = 0.0018) and females (P = 0.0183), as shown 
in Table 2. Logistic regression of age with SUA in Stage II 
HTN subjects demonstrated patients in the 58–66 years age 
group to have a higher odds ratio of 32 than normal SUA 
subjects [Table 2]. In the present study, majority of patients 
were males (68%) and 32% were females suggesting a higher 
risk of primary HTN among males. However, the frequency 
of hyperuricemia was slightly higher in females compared to 
males (43.75% versus 35.29%) (P = 0.142).

The elevated total cholesterol levels were noted in 59% of the 
patients (P = 0.6422), raised LDL levels noted in 62% of the 
patients (P = 0.4265), abnormal HDL levels seen in 67% of 
the patients (P = 0.5245), and raised triglyceride levels seen 
in 62% of the patients (P = 0.8041). Each of these factors 
displayed a weak association with hyperuricemia.

dIscussIon

The present study involving 100 hypertensive patients was carried 
out to ascertain the relationship between HTN and hyperuricemia 
in terms of SUA levels. A wide range of SUA levels between 

Table 1: Comparison of different factors between male and female hypertensive subjects

Variables Male (n=68) Female (n=32) Gender distribution

P

Overall P Total

Age (years) 57.62±11.83 56.38±10.78 0.6156 0.0092 57.22±12.75
BMI (kg/m2) 22.59±1.99 22.41±2.25 0.6868 0.4879 22.53±3.04
Pulse rate (/min) 79.56±7.35 79.31±8.40 0.991M 0.849 79.48±10.99
Respiratory rate (/min) 19.65±2.29 19.81±2.46 0.7461M 0.8067 19.7±3.04
SBP (mm Hg) 158.88±11.56 150.38±11.26 0.0008A <0.0001 156.16±19.65
DBP (mm Hg) 94.06±4.78 92.19±5.46 0.0840 0.0092 93.46±10.57
Serum uric acid (mg/dL) 6.39±2.32 6.19±2.58 0.7106 <0.0001 6.32±2.46
Hemoglobin (g%) 11.64±2.49 11.84±1.32 0.5868WT 0.1438 11.7±2.47
Tc (/cumm) 7547.5±3577.60 9761.1±4469.02 0.0046A 0.1246 8255.85±4063
Platelet count (/cumm) 218.06±85.76 256.84±92.88 0.0213A 0.7238 230.47±91.95
Serum urea (mg/dL) 27.81±9.31 28.25±9.72 0.8279 0.3465 27.95±9.75
Serum creatinine (mg/dL) 0.87±0.21 0.83±0.27 0.4535 0.2126 0.86±0.24
RBS (mg/dL) 139.69±17.89 139.44±20.29 0.9496 0.0197 139.61±23.13
TSH (mcIU/mL) 2.08±0.62 2.19±0.89 0.5337WT 0.7545 2.11±0.74
Total cholesterol (mg/dL) 213.78±38.74 211.94±32.71 0.8166 0.6422 213.19±42.29
LDL (mg/dL) 109.46±22.98 110.22±21.62 0.875 0.4265 109.7±24.86
HDL (mg/dL) 35.28±15.78 35.47±12.91 0.953 0.5245 35.34±15.2
TG (mg/dL) 166.71±39.74 157.09±42.80 0.2737 0.8041 163.63±43.72
History of DM, n (%) 28 (41.18) 6 (18.75) 0.0136A,P 0.9592 34 (34)
Smoking, n (%) 15 (22.06) 1 (3.13) 0.0080A,P 0.1367 16 (16)
Alcohol, n (%) 16 (23.53) 1 (3.13) 0.0056A,P 0.6329 17 (17)
Tobacco chewing, n (%) 23 (33.82) 3 (9.38) 0.0046A,P 0.9529 26 (26)
MIndicates Mann–Whitney U-test, WTIndicates welch t-test, AIndicates one-tailed test, PIndicates proportion test; age, BMI, pulse rate, respiratory rate, SBP, 
DBP, SUA, hemoglobin, Tc, platelet count, serum urea, serum creatinine, RBS, TSH, total cholesterol, LDL, HDL and TG are expressed in mean±SD, 
whereas history of DM, smoking, alcohol and tobacco are expressed in percentages. SD: Standard deviation, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, Tc: Total cell count, RBS: Random blood sugar, TSH: Thyroid-stimulating hormone, LDL: Low-density 
lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides, DM: Diabetes mellitus, SUA: Serum uric acid
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2.50 and 13.50 mg/dL were noted among hypertensive study 
participants, with over one-third (38%) of the patients presenting 
with elevated SUA levels. On adjusting other factors, the odds of 
Stage II HTN were 10 fold higher in patients with hyperuricemia 
in comparison to normal subjects. Hence, one out of three patients 
with HTN was found to have hyperuricemia in this study cohort. 
The mean SUA levels noted in this study were comparable to 
case–control study by Mishra et al (5.80 ± 2.16 mg/dL mean 
SUA) (P < 0.05) in patients with newly diagnosed essential HTN.

[17] This concordance of results adds further validity to the notion of 
SUA as a predictor and cause of primary HTN. Hyperuricemia is 
often characterized yet not limited to exacerbated oxidative stress 
and amplification of the renin–angiotensin–aldosterone system. 
Adversarial impacts of hyperuricemia also include endothelial 
dysfunction, glomerulosclerosis, induction of inflammatory 
cascades, and cytokine expression. The consequent nephropathy 
and vascular abnormalities that arise stimulate the occurrence of 
arterial HTN.[17,19,20]

In the present study, SBP was recorded in a range between 
130 mmHg to 180 mmHg, while DBP levels ranged between 
80 and 100 mmHg. The drastically high mean values of SBP 
and DBP (156.16 ± 12.09 mmHg and 93.46 ± 5.05 mmHg, 
respectively) noted in this study closely correspond to the 
mean SBP and DBP levels of 159.00 ± 11.98 mmHg and 
94 ± 4.62 mmHg, respectively, in the study by Mishra 
et al.[17] However, other studies have reported comparatively 
lower levels of SBP and DBP (116.0 ± 14.6 mmHg and 
143.99 ± 14.28 mmHg mean SBP and 75.0 ± 8.7 mmHg and 
96.61 ± 7.24 mmHg mean DBP values).[8,9] This dissonance 
may arise from the fact that majority of the patients 96 (96%) 

65.38

69.23

66.67

23.26

34.62

30.77

33.33

76.74

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

< 4.69

4.69-5.57

5.58-6.51

≥ 6.52

Percentage of patients 

SU
A 

m
g/

dl

Stage 2
Stage 1
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Figure 1: Positive correlation of serum uric acid levels with systolic blood pressure (a) and diastolic blood pressure (b) among hypertensive patients
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Figure 2: Positive correlation of serum uric acid with (a) age among hypertensive patients (b) random blood sugar among hypertensive patients
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had Stage II HTN and only four (4%) of the patients were 
diagnosed to have Stage I HTN in the current study.

Interestingly, 39.58% of the patients with Stage II HTN had 
hyperuricemia and none of the patient with Stage I HTN had 
hyperuricemia, there was a significant association between 
the severity of HTN and SUA levels (P < 0.05). Mean 
SBP (P < 0.001) was significantly high in hyperuricemic 
patients compared to patients with normal SUA levels, 
suggesting that patients with raised SUA levels were more 
likely to present with elevated SBP. This observation was 
further strengthened the correlation of SUA levels with SBP 
and DBP which showed a strong positive correlation between 
the SUA and SBP (r = 0.5046; P < 0.0001). A moderate 
positive correlation between SUA and DBP (r = 0.2593; 
P < 0.01) was noted as well. These findings are in harmony 
with Poudel et al. demonstrating the significant association 
between SUA with SBP (P < 0.001) and DBP (P < 0.01).[9] 
Shrivastav et al. reported similar findings where although SUA 
levels were significantly associated with SBP (P < 0.05), their 
association with DBP was insignificant (P > 0.05).[19] Hence, 
it is evident that every one patient out of three with HTN 
is likely to have raised SUA levels, reflective of the strong 
association between SUA with SBP. Raised SUA as a risk 
factor for HTN was reported by Kahn et al. In this study, about 
25%–40% of adults with HTN have SUA more than 6.5 mg/dl 
and there was a direct relationship between SUA and SBP, a 
finding consistent with the present study.[3] According to Ali 
et al., an increase in HTN with a corresponding rise in SUA 
levels among patients is grouped into four quartiles.[8] These 
findings are congruent to the observations of the present study, 
thus establishing the salient interdependence between HTN 
and hyperuricemia.

In this study, males were found to have a higher chance 
of developing hyperuricemia (adjusted odds ratio of 
43.98) Previous studies have reported a higher degree of 
hyperuricemia in males as compared to females in hypertensive 
patients (6.15–6.47 mg/dL in males and 4.32–4.87 mg/dL in 
females).[11,21] The mean SUA levels were also slightly high 
among male patients compared to female patients in the present 
study, but again, the difference was insignificant (P > 0.05). 
Possible reasons for the divergence in findings may be due to 
sociodemographic factors such as stressful lives and inclusion 
of more women of postmenopausal age experiencing hormonal 
fluctuations. These observations suggest that, although the 
elevated SUA levels in patients with primary HTN are not 
solely influenced by sex, it is a risk factor to be monitored.

In the present study, most of the patients were aged between 
61 and 70 years suggesting increased vulnerability of patients 
to developing hyperuricemia in their seventh decade (35%). 
Accordingly, a significant association was found between 
hyperuricemia and age (P = 0.0092). A positive correlation was 
also noted between elevated SUA and age among participants. 
The observations of Ali et al. reiterate the noteworthy 
association between SUA and age (P < 0.05), adding further 
strength to this study’s results.[8] These observations partly 
concur with a study done by Cheng et al. who found that SUA 
concentration was positively associated with HTN only in the 
41–50-year-old group.[22]

In the current study, a significant association was found 
between elevated SUA level with history of diabetes 
mellitus (34%, P = 0.0136), smoking (16%, P = 0.0080), alcohol 
consumption (17%, P = 0.0056), and tobacco chewing (26%, 
P = 0.0046) in male patients. However, the mean comparison of 
the entire cohort did not display a significant nexus of SUA with 

Table 2: Odds ratios of acquiring hyperuricemia based on age and sex of subjects

Variable OR (95% CI) P aOR (95% CI) P
Age Q1 (31-50 years) (n=32)

SUA 1.85 (1.22-3.38) 0.0127 2.89 (1.23-14.13) 0.0269
Hyperuricemia 6.56 (1.24-51.65) 0.0461 7.28 (1.14-75.04) 0.043

Age Q2 (50-58 years) (n=19)
SUA 1.90 (0.95-5.22) 0.1198 2.69 (0.98-8.81) 0.068
Hyperuricemia 6.66 (0.87-70.78) 0.1367 11.97 (0.85-553.8) 0.251

Age Q3 (58-66 years) (n=27)
SUA 2.50 (1.34-6.89) 0.0198 3.23 (1.53-13.06) 0.0248
Hyperuricemia 19.50 (3.19-186.73) 0.0054 32.59 (3.95-776.55) 0.0119

Age Q4 (66-80 years) (n=22)
SUA 1.37 (0.85-2.47) 0.244 2.04 (0.94-7.28) 0.0747
Hyperuricemia 2.19 (0.34-18.86) 0.448 2.15 (0.30-20.28) 0.438

Male
SUA 1.66 (1.25-2.35) 0.0015 1.84 (1.30-2.83) 0.0020
Hyperuricemia 27.6 (5.10-515.50) 0.0018 43.98 (7.32-760.95) 0.0010

Female
SUA 2.95 (1.56-8.48) 0.0095 4.51 (1.58-24.93) 0.0136
Hyperuricemia 15 (2.20-305.09) 0.0183 25.66 (1.73-478.33) 0.0232

Adjusted for gender, history of DM, smoking status, consumption of alcohol, tobacco consumption, BMI; age is classified based on quartiles; SUA stands 
for Serum uric acid. OR: Odds ratio, CI: Confidence interval, aOR: Adjusted odds ratio, DM: Diabetes mellitus, BMI: Body mass index.
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a history of diabetes mellitus, alcohol, smoking, and tobacco 
chewing. This variance in results may be on account of diverse 
differences in the sociocultural norms that influence the use of 
alcohol and tobacco products. These findings are suggestive 
of the fact that the association of SUA with lifestyle factors is 
multifactorial and gender specific. Dehghan et al. demonstrated 
that individuals with elevated SUA levels are at a greater risk of 
developing type 2 diabetes with hazard ratios of 1.63 and 2.83 
for those in the third and fourth quartiles of SUA, respectively.
[23] Rafieian‑Kopaei et al. conducted a cross-sectional study 
on type 2 diabetics, which concluded that SUA has a strong 
association with SBP (P = 0.02) in type 2 diabetics.[24] With 
regard to smoking, these findings are in line with previous 
studies which have reported highly elevated levels of SUA 
in former smokers.[25,26] However, Anand et al. in their case–
control study reported that there is no significant difference 
among hypertensive males with regard to uric acid  and 
smoking.[21] A study by Kumbhalkar and Deotale reported the 
absence of a significant association between tobacco chewing 
and SUA levels in congruence to the findings of the present 
study.[27] In a study by Conen et al., alcohol consumption was 
linked to elevated SUA levels, predominantly in men.[28] In 
consonance with this, the results of the present study also 
demonstrated a prevalence of alcohol consumption in 16 males 
and only one female. Regarding BMI, insignificant association 
with hyperuricemia was noticed in the present study (P > 0.05). 
In consonance with these observations, Anand et al. also 
concluded that though mean SUA is higher in study subjects 
whose BMI >25 kg/m2 than those subjects with BMI <25 kg/
m2, the association is insignificant (P > 0.05).[21]

Similarly, no significant correlation could be reckoned between 
SUA levels and total cholesterol (r = 0.0470; P > 0.05). Despite 
majority of the patients having raised LDL levels, lower HDL 
levels, and hypertriglyceridemia, a salient significant association 
of these factors with hyperuricemia was missing. These findings 
suggest that hyperuricemia is not explicitly associated with 
hypertriglyceridemia. A study by Teng et al. reported similar 
dissociation between elevated SUA and factors such as BMI and 
total cholesterol levels (P > 0.05).[29] Contrary to this, a few other 
studies state that SUA is significantly associated with BMI, LDL, 
and HDL levels.[9,11] The divergence in findings between these 
sets of studies is indicative that BMI and cholesterol parameters 
are not exclusively related to SUA and are potentially influenced 
by other concomitant physiological traits.

Strengths and limitations of the study
This study can help in the design of future large-scale clinical 
trials investigating the potential of SUA targeted therapies in 
the prevention and amelioration of HTN. Referring to SUA 
as a risk factor for HTN can expedite the screening process 
by clinicians as it is a robust and minimum invasive test for 
better patient management. Few limitations of the study are 
relatively smaller sample size and monocentric study design. 
Furthermore, the present study predominantly involved male 
patients and Stage II primary HTN patients in excess acting 
as confounding factors.

conclusIon

The findings of the present study illuminate the highly 
significant association as well as correlation between elevated 
SUA profile and HTN marked as a sharp increase in SBP 
with SUA values. Therefore, adequate care must be taken to 
maintain a normal SUA profile to prevent and manage HTN. 
Treatment plans for HTN must include strategies to decrease 
SUA levels to ensure an improved quality of life and prevention 
of associated comorbidities.
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INTRODUCTION 

The prevalence of gall bladder stones in India has been 

rising due to change in food habits, advanced 

investigations and increasing affordability. Stone 

formation depends on cholesterol concentration, 

supersaturation, nucleation and abnormal gall bladder 

motility leading to biliary stasis.1Discussions done 

globally for decades on whether thyroid disorders can 

cause cholelithiasis explained various possibilities in 

thyroid failure which include; altered liver cholesterol 

metabolism, altered pro-relaxing effect of thyroxine on 

sphincter of Oddi and altered bile flow.2 

In Belagavi, a larger number are affected with 

cholelithiasis and the prevalence of undiagnosed 

hypothyroidism in cholelithiasis has never been studied. 

With this background, the study intends to analyze the 

prevalence of undiagnosed hypothyroidism in patients 

with cholelithiasis and tries to establish hypothyroidism 

as a probable cause for biliary stones in Belagavi. 

METHODS 

After an institutional ethical clearance, a prospective, 

hospital based cross-sectional study was done on patients 

admitted for the management of gall stone disease in the 
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department of general surgery in Belagavi during January 

2019 to December 2019. The source of the data: Gall 

stone disease patients getting admitted to the surgery 

wards. All patients with cholelithiasis were included. 

Patients with history of hypothyroidism/thyroidectomy, 

hemolytic diseases, concomitant co-morbidities 

especially diabetes mellitus type II, renal stones, stones in 

pancreatic duct, women taking oral contraceptive pills/ 

pregnant, patients with cholangitis and those on 

phenytoin, carbamazepine, metoclopramide, amiodarone, 

and lithium were excluded from the study. 

Sampling was done through universal sampling 

technique. The sample size calculation was calculated 

based on the following formula; 

n=
𝑍2×𝑝×𝑞

𝑑2
, 

where,  

n=sample size,  

Z=1.96 approximated to 2 (considering confidence as 

95%),  

p=prevalence,  

q=100-p and  

d=absolute precision.  

One-year cross sectional study by Maharajan et al in 

Tamil Nadu showed a prevalence of 38% hypothyroidism 

among patients with gallbladder stones.3 In this current 

study, expecting comparable results with 95% confidence 

levels and 10% absolute precision in the result, the study 

requires a minimum of 94 subjects. So, p=38, q=62 and 

d=10; (n=94.2). 

Methodology 

The patients were screened first as per the proforma. To 

all patients meeting the selection criteria, informed 

written consent to participate in the study was given and 

explained about the study and its implications. Detailed 

history was obtained with special reference to 

symptomatology and the risk factors as per proforma. 

Clinical examination was performed, and findings were 

recorded as per proforma. Thyroid function test was done 

on all eligible patients. Serum TSH level is usually the 

initial laboratory test for screening of dysfunction of 

thyroid if absence of hypothalamic/pituitary pathology is 

confirmed. Thyroid dysfunction is confirmed in presence 

of raised or reduced S.TSH levels but cannot diagnose the 

cause. Hyperthyroidism is diagnosed with reduced TSH 

and high serum levels of free T4 (FT4) and/or free T3 

(FT3). Patients were divided according to history, clinical 

examination and laboratory test (free T3, free T4 and 

TSH) into three groups according to hospital values, 

serum TSH: 0.27-4.2 microIU/ml, F.T4: 0.93-1.7 mg/dl, 

free T3: 2-4.4 mg/dl. Group 1: euthyroid group; clinical 

and laboratory tests were normal. Group 2: subclinical 

hypothyroidism; asymptomatic and with TSH 

concentration above the upper limit of normal range and 

FT4 and/or FT3 within normal limits (According to our 

laboratory readings). Group 3: clinical hypothyroidism; 

symptomatic and with TSH level above the upper limit 

and FT4 and/or FT3 decrease below the normal limit. 

 

Statistical analysis 

Data collected was entered in MS Excel spread sheet, 

analysed and expressed as percentage. 

RESULTS 

A total of 100 random patients meeting the selection 

criteria were included and their data was collected. 40 % 

were male and 60% were female. Among the 100 

patients, 2 patients were below 20 years, 31 patients were 

in the range of 21 to 40 years, and 28 were between 41 to 

60 years, 34 patients fall between 61 to 80 years of age. 

There were 5 patients who are above 80 years. Among 

100 patients, 71 of them were euthyroid and 23 of them 

were identified to have subclinical hypothyroidism and 6 

of them were diagnosed with hypothyroidism (Figure 1).  

 

Figure 1: Thyroid status among included patients. 

Of 71 euthyroid patients, 38 were female and 33 were 

male. In the case of subclinical hypothyroidism, there 

were 17 females and 6 males. Out of 6 % clinical 

hypothyroidism, there were 5 females and only 1 male. 

75.8% females and 24.1% males were diagnosed as 

hypothyroid in the study (Table 1).  

Table 1: Gender distribution of thyroid status. 

Sex Euthyroid Hypothyroid 
Subclinical 

hypothyroid 

Female 38 5 17 

Male 33 1 6 
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Among the 71 euthyroid patients, there was only 1 female 

patient in the age group of below 21 years. Between 21-

40 years, 19 were female and 4 were male. However, in 

41 -60 years, female & male patients were 9 and 10 

respectively. There was higher number of male patients 

(18 patients) in the age range of 61-80 years where 

female patients were only 4. There were 2 female and 1 

male patients in the age group of above 80 years (Figure 

2). Among the 23 subclinical hypothyroid patients, only 1 

female was in the group range of below 20 years. 

Similarly, in 21-40 years age group, there were 5 female 

patients, and no male was found. Of 9 patients in group 

of 41-60 years, 78% were female and 22% were male. 

Among the 7 between 61-80 years, 4 were female 

patients and 3 were male. Only 1 female patient was 

found in the age range of more than 80 years (Figure 3). 

Out of the 6 cases of hypothyroidism, 50% were female, 

in group of 41-60 years. One female and male patients 

were in age group of 61-80 years. Above 80 years, only 

one female patient was found (Figure 4). 

 

Figure 2: Euthyroid status with age group and sex. 

 

Figure 3: Subclinical hypothyroid status against age 

and gender. 

 

Figure 4: Hypothyroid status with age and gender. 

DISCUSSION 

Pathogenesis of gallstone is multifactorial and complex, 

which affects bile composition and its flow.1,2 This study 

focuses on the prevalence of hypothyroidism in gall 

stones since hypothyroidism is known to alter hepatic 

cholesterol metabolism and it reduces bile secretion in 

liver. Studies have identified presence of thyroid 

receptors in Sphincter of Oddi causing a pro-relaxing 

effect.7,8 This reflects the formation of gallstones in 

hypothyroidism.  

In this study, 100 random patients meeting the selection 

criteria were included after taking informed consent. Out 

of which, 40% were males and 60% were females. After 

assessing symptoms and signs, a thyroid profile was sent 

for all. Among 100 patients, 29% were found to have 

hypothyroidism of which 23 were identified to have 

subclinical hypothyroidism and 6 were diagnosed with 

hypothyroidism. Many challenging studies are done all 

over the world to know the association between thyroid 

status and biliary stones over the years. In 2003, 

Laukkarinen et al. conducted a case control study in 2 

stages by doing 99 mTc cholescintigraphy on untreated 

hypothyroid patients, before and after levothyroxine 

supplementation & making them euthyroid in Finland.4-6 

The current study did not include but gives a scope for a 

future interventional study with thyroxin supplementation 

and study on effects of thyroxin on the size of gall 

bladder calculi. 

In Iran, Ajdarkosh et al did a case control study in 2013 

to know the association between clinical and subclinical 

hypothyroidism and stones in biliary tract and 

recommends thyroid profile test in all patients with 

biliary stones as there is strong association between them 

and thought hypothyroidism as a predisposing factor for 

the passage of gall stones to CBD.13 An observational 

study by Singh et al in Punjab during 2014-2016 to 

understand the prevalence of hypothyroidism in 

cholelithiasis showed a similar gender distribution to the 

current study and concluded that there is no significant 

relation between thyroid status and biliary calculi.15 In the 
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current study, the prevalence of thyroid dysfunction 

among patients with only cholelithiasis were studied and 

noted that 36.6% females and 17.5% males were 

diagnosed with hypothyroidism. None of the patients in 

the current study was diagnosed to have hyperthyroidism. 

The current study is contradicting with Singh et al study 

and showed a significant prevalence of 29% 

hypothyroidism in patients with gallstones.  

Cross sectional study by Singha et al among 500 patients 

with cholelithiasis was done during 2014-2016 in North-

East India.16 They reported 13.8% hypothyroidism in 

their study, and all were females. The prevalence rate was 

higher in the current study compared to Singha et al with 

sex distribution of 75.8% females and 24.1% males, 

highlighting the higher prevalence among females. 

Watali et al studied the association of hypothyroidism in 

gallbladder stones in Delhi on 200 patients with upper 

abdominal pain for duration of one year in 2017and 

showed no association between hypothyroidism and 

gallstones.17 Incidence of hypothyroidism noted in Watali 

et al study was high in patients aged above 50 years, 

which goes along with this current study.  

In Madhya Pradesh, Brijendra et al did a study during 

2015-2016 on 50 patients with gallstones. Gender 

distribution was 84% females and a 16% male which is 

higher compared to the current study distribution of 60% 

females and 40% males. Brijendra et al reports 24% 

prevalence of hypothyroidism in the total study 

population with a majority of 91% among females. 

However, Brijendra et al could not show any significant 

relation between gallstones specific to gender and 

hypothyroidism.18 The study by Manjusha et al done in 

South India during 2016-2018 on 100 patients with 

cholelithiasis showed a prevalence of 14% 

hypothyroidism and majority of the patients were aged 

more than 40.20 The current study showed a higher 

prevalence of 29% hypothyroidism in gallstones. Even 

though this current study excluded patients with known 

comorbidities causing gallstones, by Manjusha et.al 

found no significance between subclinical 

hypothyroidism and patient comorbidities like diabetes, 

hypertension, hypercholesterolemia, obesity, smoking or 

alcohol consumption. Manjusha et al noticed that patients 

diagnosed with hypothyroidism had larger gallstones 

compared to euthyroid patients. Moderate positive 

correlation was found between the two and suggested 

strong significance between hypothyroidism and size of 

gall stones. Only 75% hypothyroid patients had multiple 

calculi in Manjusha et al study, whereas present study 

observed that 100% patients with clinical hypothyroid 

and 78% with subclinical hypothyroidism was having 

multiple calculi in gall bladder. This reflects that 

hypothyroid state is having more risk of developing 

larger and multiple stones in gallbladder. A study done in 

Northeast India for duration of 6 months in 2018 by Das 

et al was a case control study to know the prevalence of 

hypothyroidism in gallstones showed a significant 

association between hypothyroidism and gallstones 

statistically.21 The current study shows a significant 

prevalence of 29% hypothyroidism in patients with gall 

bladder stones with higher prevalence among elderly 

females. The higher prevalence among females could not 

be proved statistically in most of the studies since 

prevalence of gall stones itself in female gender is high. 

The current study lacks information about relationship 

between serum TSH levels and size and number of the 

calculi to find if raised TSH level can increase calculi 

size and number. Further studies on early diagnosis and 

treatment of hypothyroidism causing prevention or 

reduction in the size of biliary calculi should be done so 

that we can conclude with hypothyroidism as a specific 

risk factor for cholelithiasis and all patients with gall 

stones should be screened for thyroid dysfunction. 

CONCLUSION 

The prevalence of hypothyroidism in cholelithiasis is 

29% in the study and is significant. 23% were diagnosed 

with subclinical and 6% with clinical hypothyroidism. 

This study also shows higher prevalence among females 

aged more than 40 years of age. Hypothyroid symptoms 

were shown by the study population with unknown 

thyroid status which highly recommends thyroid profile 

testing preoperatively. Further studies on early diagnosis 

and treatment of hypothyroidism causing prevention or 

reduction in the size of biliary calculi should be done so 

that we can conclude with hypothyroidism as a specific 

risk factor for cholelithiasis and all patients with gall 

stones should be screened for thyroid dysfunction. 
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Introduction
Placenta accreta spectrum is characterized 
by abnormal placental adherence to the 
myometrium.[1] Depending on the depth 
of trophoblastic growth, it is classified 
into placenta accreta (villi attached to the 
myometrium), placenta increta (villi invading 
the myometrium), and placenta percreta (villi 
penetrate through the myometrium and 
to or through the serosa).[2] Although the 
presentation of a placenta accreta after a 
dilatation and curettage (D&C) procedure 
is extremely rare, it is clinically significant 
in that it can cause postevacuation profuse 
and prolonged bleeding, making clinical 
management difficult.[1] Furthermore, 
the retained trophoblastic tissue and an 
accompanying hematoma can get entrapped 
in the myometrium and mimic an unusual 
uterine mass lesion.[1]

This report describes a case of placenta 
increta that caused prolonged bleeding after 
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Abstract
Placenta accreta spectrum, is characterized by abnormal placental adherence to the myometrium. 
Depending on the depth of trophoblastic growth, it is classified into placenta accreta, placenta increta, 
and placenta percreta. This condition is associated with life‑threatening hemorrhage, resulting in 
high maternal and neonatal morbidity and mortality. Placenta accreta usually presents with vaginal 
bleeding during difficult placental removal in the third trimester. Placenta accreta spectrum is very 
rarely present in the first trimester. Severe forms may complicate first‑trimester pregnancy losses, 
causing profuse postcurettage hemorrhage. A 28‑year‑old lady with one living issue by cesarean 
section who had undergone a dilatation and curettage (D&C) 2 months ago for missed abortion, came 
with the complaints of prolonged vaginal bleeding following the procedure. On pelvic examination, 
the uterus was bulky, partly firm on one side, and soft on the other. Ultrasound examination revealed 
it to be a bicornuate uterus with retained products in one of the horns. Magnetic resonance imagining 
was suggestive of lateral cervical fibroid. Diagnostic laparoscopy revealed it to be a left lateral 
cervical mass. Total laparoscopic hysterectomy was performed. On histopathological examination, 
specimen revealed necrotic placenta infiltrating the endocervix and isthmus. Placenta accreta is a rare 
problem and difficult to diagnose in the first trimester. It can occur when there are risk factors or if 
there are ultrasound markers of the first trimester suspicious of the adherent placenta. A diagnosis 
of placenta accreta spectrum needs to be considered when there is post‑D&C prolonged or heavy 
vaginal bleeding.

Keywords: Cervical mass, first‑trimester miscarriage, placenta increta
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first‑trimester abortion, and was identified 
by magnetic resonance imagining (MRI) 
as a heterogeneous mass in the cervical 
region.

Case Report
A 28‑year‑old lady  with one living issue 
by cesarean section who had undergone a 
D&C 2 months ago for missed abortion, 
came with the complaints of prolonged 
vaginal bleeding. There was no pain 
abdomen, fever, or vaginal discharge. 
Her past cycles were normal. She 
was a known case of diabetes on oral 
hypoglycemic drugs. Clinically, her vitals 
were stable at the time of presentation 
to the hospital. Pelvic examination 
showed bleeding from the cervical os. 
On bimanual examination, the uterus 
was bulky, partly firm on one side, and 
soft on the other. Ultrasound revealed it 
to be a bicornuate uterus with retained 
products in one of the horns. Human 
chorionic gonadotropin (HCG) titer 
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was 52 mIU/ml. A lateral cervical mass approximately 
measuring 7.6 cm × 8.2 cm × 7.4 cm was detected on 
MRI suggestive of fibroid. Diagnostic laparoscopy 
revealed it to be a left lateral cervical mass. Total 
laparoscopic hysterectomy was performed. A mass at 
the uterocervical junction extending to the entire cervix 
more so on the left side was seen on gross examination 
of the hysterectomy specimen. The cut section showed 
a small area of necrotic tissue in the endocervical canal 
near the isthmic region as shown in Figure 1a.

On histopathological examination, the specimen revealed 
necrotic placenta infiltrating the endocervix and isthmus 
as shown in Figure 1b. There were no further episodes of 
vaginal bleeding postoperatively and HCG titer returned to 
normal after 3 weeks.

Discussion
Placenta accreta is an abnormality characterized by 
placental villi attaching to the uterine myometrium 
without intervening decidual membrane. Risk factors 
for placenta accreta include multiparity, placenta previa, 
prior cesarean section, prior D&C, and miscarriage.[3,4] 
Placenta accreta spectrum is very rare before 20 weeks 
of gestation and still rare in the first trimester. Severe 
forms may complicate first and early second‑trimester 
pregnancy losses, causing profuse postcurettage 
hemorrhage. Ultrasound markers of placenta accreta 
syndrome in the first trimester are: implantation of a 
gestational sac in the lower uterine segment, multiple 
irregular vascular spaces in and around the placenta, 
and cesarean scar implantation of the gestational sac.[5] 
The case being reported is a placenta increta in the first 
trimester. She presented with prolonged vaginal bleeding 
postdilatation and ‑evacuation. The elevated HCG 

titers with MRI suggestive of cervical fibroid made 
the diagnosis difficult. A diagnostic laparoscopy was 
performed which revealed a left lateral cervical mass. 
As per the insistence of the patient for hysterectomy 
before the planned operative procedure, a hysterectomy 
was performed. The intraoperative and postoperative 
periods were uneventful. A good dissection and clearance 
were possible laparoscopically evident by the symptoms 
subsiding and serum beta HCG titers being normal, 
2 weeks posthysterectomy. A report showing necrotic 
placenta infiltrating the isthmus and the endocervix 
on histopathology, we could arrive at the diagnosis 
of placenta increta. Very few cases of first‑trimester 
abortion complicated with placenta accreta are reported 
in the literature.[6] Majority of the cases in the literature 
presented as profuse hemorrhage during D&C or the 
immediate postoperative period. However, none of the 
cases had a cervical mass.

Conclusion
Placenta accreta is a rare problem and difficult to diagnose 
in the first trimester, especially without ultrasound 
markers.[5] However, a diagnosis of placenta accreta needs 
to be considered when associated with risk factors and with 
the clinical presentation of prolonged or profuse vaginal 
bleeding following D&C.
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BLOOD PRESSURE MONITORING IN NORMOTENSIVE TYPE – 2 DIABETICS USING 
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INTRODUCTION:
Systemic Hypertension is one of the most common co-morbidities in 
Diabetes Mellitus. Ambulatory blood pressure monitoring allows the 
evaluation of distinct blood pressure parameters such as the 24-hour, 
day-time and night-time systolic and diastolic blood pressure, the 
nocturnal drop of blood pressure, besides identifying masked 

1 hypertension and white coat hypertension. It has been proven that 
ABPM is a better method for the assessment of blood pressure when 

2 compared to Ofce BP reading.

Hence the present study was done to determine the prevalence of 
abnormal ambulatory blood pressure patterns in Normotensive type 2 
diabetic subjects and to determine its relationship with anthropometric 
measurements.

MATERIAL AND METHODS:
stA one-year hospital based cross sectional study from 1  January 2020 

stto 31  December 2020. The study protocol was approved by the 
institutional ethical committee JN medical college Belagavi, 
Karnataka. All participants signed an informed consent form prior to 
taking part in the study.

Study populations were patients   of age > 18 years with type 2 diabetes 
mellitus having BMI of >25(Asian criteria >23) to <40 Kg/m2 
admitted in wards of General Medicine KLES Dr.Prabhakar Kore 
Hospital, Belagavi.

Patients with established hypertension/pregnant and lactating 
mothers/on medications which cause elevation of blood 
pressure/having history of endocrine disorders such as acromegaly, 
Cushing's syndrome, thyroid disorder /Excessive snoring, altered 
sleep pattern, headache and morbid obesity (BMI >40 Kg/m2) were 
excluded.

All the eligible subjects were recruited consecutively using convenient 
sampling till the achievement of sample size (N) which is 162 obtained 

2using the formula N= z  P(1-P) / d2. (Z is z statistic for a level of 
condence level-1.960, P is Expected prevalence/proportion of 
outcome- 0.125 and d is Precision 0.05).

After an overnight fast of at least 12 hours, all subjects were undergone 
a standardized medical examination that included anthropometric 
measurements such as Body Mass Index/Waist Circumference/Waist 
to Height Ratio/Waist to Stature Ratio, laboratory tests such as Hba1c 

and lipid prole and 24 hours ambulatory BP monitoring.

Detailed medical history of the patient, including their diabetic history, 
habits, co- morbidities and relevant family history was taken.

Lipid prole and Hypertension were considered as primary outcome 
variables. BMI (Overweight v/s Obese) was considered as an 
explanatory variable. Descriptive analysis was carried out by 
frequency and proportion for categorical variables. Categorical 
outcomes were compared between study groups using the Chi-square 
test /Fisher's Exact test (If the overall sample size was < 20 or if the 
expected number in any one of the cells is < 5, Fisher's exact test was 
used. Data was also represented using pie charts, bar charts, and 
clustered bar charts. P-value < 0.05 was considered statistically 
signicant. IBM SPSS version 22 was used for statistical analysis.

RESULTS:
Majority of the subjects were males (62.35%). The mean age was 

260.65 ± 11.46 years. The mean BMI was 28.31 ± 2.15 kg/m . Only 13% 
of the males were obese compared to 85% of the females. 78% of males 
had increased waist to hip ratio compared to 96.7% in females. 80.2% 
of males had increased waist to height ratio compared to 77% in 
females. The mean HbA1c was 9.69 ± 2.81, indicating a poor glycemic 
control in the study population. The mean HDL (35.34 ± 42.25 mg/dl) 
was slightly decreased in the present study, but without any signicant 
increase in mean LDL (66.43 ± 42.95 mg/dl) and mean TG (166.52 ± 
131.3 mg/dl).

The mean all day SBP was 133.66 ± 13.53 mm/hg while the mean all 
day DBP was 76.45 ± 10.99 mm/hg. The prevalence of HTN as 
measured by all day SBP was 77.78% while it was only 42.59% for all 
day DBP. The mean day SBP was 134.76 ± 13.51 mm/hg while the 
mean night SBP was 128.95 ± 15.59 mm/hg. The mean day DBP was 
77.12 ± 11.43 mm/hg while the mean night DBP was 72.95 ± 10.4 
mm/hg. The prevalence of HTN as measured by day SBP was 59.26% 
while it was 42.6% for day DBP while the prevalence of HTN as 
measured by night SBP was 90.7% while it was 76.5% for night DBP. 
Systolic non-dipping was seen in 93.39% of overweight and 90.24% of 
obese subjects as classied by BMI, respectively. Diastolic non-
dipping was seen in 76.86% of overweight and 73.17% of obese 
subjects as classied by BMI, respectively.

There was a statistically signicant association between all day SBP, 
all day DBP, day SBP and day DBP with BMI (P Value <0.05) in males. 
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ABSTRACT
Background And Objectives: Systemic Hypertension (HTN) is one of the most common co-morbidities in Diabetes Mellitus (DM). It has been 
suggested that ambulatory blood pressure monitoring (ABPM) be used for hypertension assessment. Hence the present study was carried out to 
estimate the prevalence of hypertension in normotensive type 2 diabetic patients by using a 24-hour ambulatory blood pressure machine and also to 
assess the relationship between blood pressure patterns and anthropometric measurements.
Materials And Methods:  A 1-year cross-sectional hospital-based study was conducted on 162 people, over the age of 18, who had type 2 diabetes 
and a Body Mass Index (BMI) of 25 to 40 kg/m2). All subjects underwent a standardized medical examination including anthropometric 
measurements, laboratory investigations and 24-hour ambulatory blood pressure monitoring. Descriptive analysis was carried out by mean and 
standard deviation for quantitative variables, frequency, and proportion for categorical variables.  P value <0.05 was considered statistically 
signicant.
Results: The mean all day SBP was 133.66 ± 13.53 mm/hg while the mean all day DBP was 76.45 ± 10.99 mm/hg. The prevalence of HTN as 
measured by all day SBP was 77.78% while it was 42.59% for all day DBP. Systolic non-dipping was seen in 93.39% of overweight and 90.24% of 
obese subjects as classied by BMI, respectively. Diastolic non-dipping was seen in 76.86% of overweight and 73.17% of obese subjects. There 
was a statistically signicant association between all-day SBP/DBP, day SBP/DBP with BMI in males and in females, there was a statistically 
signicant association between all day SBP and day SBP with BMI.
Conclusion: Patients with T2DM can benet from routine ABPM by early identication and management of Hypertension in Type 2 DM.

KEYWORDS
Ambulatory Blood Pressure Monitoring (ABPM), systemic Hypertension, Diabetes Mellitus, Body Mass Index, non dipping
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But in females, there was a statistically signicant association between 
only all day SBP, day SBP with BMI (P Value < 0.05). There was no 
statistically signicant association between various ABMP parameters 
with other anthropometric parameters (P Value > 0.05).

DISCUSSION:
Demographic Characteristics:
The baseline demographic characteristics of the present study subjects 

3were comparable to that of the studies done by Mesquita P et al.  and 
4Venugopal K et al.  The majority of the subjects were males (62.35%) 

in the present study. 55.6% of the subjects were males in the study by 
4Venugopal K et al.  This slight male preponderance could be due to the 

relatively easy accessibility to hospital services for males compared to 
females in India.

The mean age was 60.65 ± 11.46 years in the present study. Mesquita P 
3et al.  did their study on elderly patients (patients aged >60 years) with 

4Type 2 DM. In the study by Venugopal K et al.  more than 60% of the 
subjects were aged between 41 to 60 years. The prevalence of Type II 
DM increases with age, and hence the mean age of the present study 
population was reported to be around 60 years.

Anthropometric Characteristics:
Obesity is an independent modiable risk factor for Hypertension and 

2Diabetes mellitus. The mean BMI was 28.31 ± 2.15 kg/m  in the 
present study population. It is in line with the inclusion criteria, as only 

2subjects with BMI of >25 (Asian cut off >23) to <40 Kg/m  were only 
5included.  In the study by Gorostidi M et al.  Hypertensive patients 

with diabetes had higher BMI and abdominal obesity prevalence 
compared to the non-diabetic hypertensives.  In the present study, only 
13% of the males were obese compared to 85% of the females in the 
present study.  Also, only 78% of males had an increased waist to hip 
ratio compared to 96.7% in females. But with regards to waist to height 
ratio, 80.2% of males had increased waist to height ratio compared to 
77% in females. This is due to the difference in the cut-off point for 
males (0.95) and females (0.85) for the waist-hip ratio to determine the 
risk of adverse cardiovascular events. But with regards to waist to 
height ratio, only a single cut-off of 0.5 was used for both men and 
women. Overall. The mean waist to hip ratio was 1 ± 0.07, while the 
mean waist to height ratio was 0.54 ± 0.05, indicating the increased 
cardiovascular risk in the present study population.

Characteristics of 24-hour Ambulatory Blood Pressure 
Monitoring:
Patients with T2DM are more likely to experience non-dipping, 
reverse dipping, nocturnal SHT, and masked phenomenon. Non-
dipping is dened as a drop in blood pressure of less than 10% during 
the night which is associated with an increased risk of cardiovascular 
events, including death and end-organ damage. Systolic non-dipping 
was observed in 93.39 percent of overweight subjects and 90.24 
percent of obese subjects, as determined by BMI. Diastolic non-
dipping was seen in 76.86 percent of overweight people and 73.17 
percent of obese people, according to BMI. In the current study, there 
was no statistically signicant link between the presence or absence of 
BP dipping (both systolic and diastolic) and BMI classication as 
obese or overweight. Overall, there was also no clinically signicant 
difference in a mean day vs. night systolic or mean day vs. night 
diastolic blood pressure. The overall average decline was less than 
10%. The mean day SBP was 134.76 ± 13.51 mm/hg, while the mean 
night SBP was 128.95 ± 15.59 mm/hg when the 24 hr ABP 
measurements were divided into day and night BP. The mean DBP 
during the day was 77.12 ± 11.43 mm/hg, while the mean DBP during 
the night was 72.95 ± 10.4 mm/hg. 

5Gorostidi M et al.  also observed that non-dipping BP prole 
prevalence was higher in subjects with diabetes (64.2% vs. 51.6%, 
P<0.001). They compared Blood pressure between Diabetic 
hypertensive and non-diabetic hypertensive's and found that Diabetic 
hypertensives had higher SBP in every ABPM period (daytime 135.4 
vs. 131.8, P<0.001 and night time 126.0 vs. 121.0� mm� Hg, 
P<0.001).

Prevalence Of Hypertension:
Systemic hypertension is one of the most common co-morbidities seen in 
Type 2 Diabetes Mellitus.  The mean all-day SBP was 133.66 ± 13.53 
mm/hg, while the mean all-day DBP was 76.45 ± 10.99 mm/hg in the 
present study. In the present study, 2017 American Heart Association 

6guidelines were used for dening hypertension based on ABPM.  

In this study, the prevalence of HTN as measured by all-day SBP was 
77.78%, while it was 42.59% for all-day DBP. The prevalence of HTN 
as measured by day SBP was 59.26% and was 42.6% for day DBP. The 
prevalence of HTN as measured by night SBP was 90.7% and was 

476.5% for night DBP in the present study. Venugopal K et al.  in their 
study, observed that prevalence of hypertension was 25.6% in Type 2 
DM patients measured by ofce BP readings. 52.4% were 
prehypertensive in their study. This signicantly lower prevalence of 
Hypertension in their study could be due to the use of ofce BP 
readings instead of ABPM. Masked HTN is said to be present when 
ofce BP levels are normal in an untreated subject, and ABPM levels 
are elevated and are more common in diabetic patients. 

Diabetic Dyslipidaemia (Lipid Profile):
Diabetic Dyslipidemia is one of the main culprits for CAD in Diabetics 
in India. Diabetic dyslipidaemia is characterized by elevated 
triglycerides levels, low HDL-cholesterol elevated small density 
LDL-cholesterol. These lipid changes are linked with adverse 

7cardiovascular outcomes in the diabetic population.

The mean HDL was slightly decreased in the present study but without 
any signicant increase in LDL. The mean HDL was 35.34 ± 42.25 
mg/dl; mean LDL was 66.43 ± 42.95 mg/dl, the mean Cholesterol was 
127.74 ± 47.44 mg/dl, while the mean TG was 166.52 ± 131.3 mg/dl. 
LDL was abnormal only in 14.81%, while HDL was abnormal in only 
4.32% of study subjects. Triglycerides were high in 19.8% and very 
high in 3.7%. The mean HbA1c level was 9.69 ± 2.81 in the study 
population, indicating a very poor glycaemic control.  Stemmer K et 

8al. , in their review article, observed that dyslipidaemia is a major risk 
9factor for cardiovascular morbidity in T2DM with obesity. Hirano T , 

observed that serum triglyceride (TG) is a leading predictor of 
atherosclerotic cardiovascular disease, comparable to low-density 
lipoprotein cholesterol in populations with type 2 diabetes, which 

10exceeds the predictive power of hemoglobinA1c. Uma NM et al.  in 
their study, also concluded that hypertension and its associated risk 
factor like obesity, dyslipidemia are important risk factors for the 
development of complications in diabetes patients.

Association Between 24 Hrs ABPM Characteristics And 
Anthropometric Variables:
Obesity increases the risk of the development of hypertension. 
Activation of the Renin-angiotensin system is involved in the 
pathogenesis of hypertension. Increased body mass index (BMI), 
Decreased physical activity, and sedentary lifestyle are established 
modiable risk factors for hypertension, which are commonly seen in 

11,12Type II Diabetes Mellitus.  

In the present study, there was a statistically signicant association 
between all-day SBP, all-day DBP, day SBP and day DBP with BMI (P 
Value<0.05) in males. But in females, there was a statistically 
signicant association between only all day SBP, day SBP with BMI (P 
Value<0.05).  Similar to the present study, Gupta S and Kapoor S et 

13al.  (2012) concluded that body mass index was the best predictor of 
having hypertension. 

In the present study, there was no statistically signicant association 
between various ABMP parameters with other anthropometric 
parameters like waist to hip ratio and also waist to height ratio (P 

14Value>0.05) respectively in both males and females. Singh S et al.  
observed that Overweight and Obese subjects had higher 24-hr SBP 
(p-value < 0.001) and 24-hr DBP (p-value = 0.001); higher day-time 
SBP (p-value < 0.001); higher night-time SBP (p-value < 0.001); and 
widening of 24-hr pulse pressure (> 50 mmHg) (p-value < 0.001) as 
compared to normal subjects. However, among various abnormal 
ABPM parameters, the majority of the parameters revealed more 
incidence of BP abnormalities with increased BMI than with increased 
WC, and BMI appeared to be a better anthropometric parameter than 
WC. They concluded that systolic hypertension is closely associated 
with adverse cardiovascular outcomes in overweight and obese 
subjects and, by evaluating ABPM recordings, found that obesity in 
even non-hypertensive subjects leads to elevation of both systolic 
blood pressure and diastolic blood pressure. 

CONCLUSION:
Over the past decade, noninvasive ABPM has been developed that can 
reliably record changes in blood pressure over 24 hours. Ofce 
measurement of BP is not an ideal method for representing 24-hour BP 
and its ability to predict HTN associated organ damage is less on 
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comparison with ABPM. Only Clinic based BP measurements are used 
to manage blood pressure in the majority of the hypertensive subjects, 
but their daily variability in BP is not available.  Patients with T2DM 
are likely to benet from routine ABP monitoring by early 
identication and management of Hypertension in Type II DM.

Table 1: Descriptive Analysis Of 24 Hours All Day (SBP/DBP) In 
The Study Population    (N=162)

Table 2: Descriptive Analysis Of Day (SBP/DBP) In The Study 
Population     (N=162)

Table 3: Descriptive Analysis Of Night (SBP/DBP) In The Study 
Population     (N=162)

Table 4: Comparison Of Blood Pressure Between BMI In Males
(N=101)

Table 5: Comparison Of Blood Pressure Between BMI In Females
     (N=61)
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Parameters Number of subjects Percentages
All day SBP
HTN 126 77.78%
No HTN 36 22.22%
All day DBP
HTN 69 42.59%
No HTN 93 57.41%

Parameters Number of subjects Percentages
Day SBP
HTN 96 59.26%
No HTN 66 40.74%
Day DBP
HTN 69 42.6%
No HTN 93 57.4%

Parameters Number of subjects Percentages
Night SBP
HTN 147 90.7%
No HTN 15 9.3%
Night DBP
HTN 124 76.5%
No HTN 38 23.5%

Parameter BMI (in males) Chi-
square

P-value
Overweight Obese

All days SBP
No HTN (N=19) 7 (36.84%) 12 (63.16%) 52.769 <0.001
HTN (N=82) 81 (98.78%) 1 (1.22%)
All-day DBP
No HTN (N=53) 42 (79.25%) 11 (20.75%) 6.180 0.013
HTN (N=48) 46 (95.83%) 2 (4.17%)
Day SBP
No HTN (N=38) 26 (68.42%) 12 (31.58%) 19.012 <0.001
HTN (N=63) 62 (98.41%) 1 (1.59%)
Day DBP
No HTN (N=54) 43 (79.63%) 11 (20.37%) 5.819 0.016
HTN (N=47) 45 (95.74%) 2 (4.26%)

Parameter BMI Chi-
square

P
valueObese Overweight

All-day SBP
No HTN (N=17) 8 (47.06%) 9 (52.94%) 19.556 <0.001
HTN (N=44) 1 (2.27%) 43 (97.73%)
Day SBP
No HTN (N=28) 8 (28.57%) 20 (71.43%) 7.857 0.009
HTN (N=33) 1 (3.03%) 32 (96.97%)
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Abstract 
Background  
Over the previous few decades, demographics, gender, and the 
number of papers published have all changed considerably. One of 
the fields of medicine that has yet to be extensively investigated is 
endocrinology.  
 Methods 
Journal of Endocrinology and General & Comparative Endocrinology 
are two landmark journals that publish articles from around the 
world. Each decade during the 70-year period from 1961 to 2021 has 
been examined in this study. Funding source, first author – last author 
gender, their demographics and proportion of papers with at least 
one female author were the parameters considered while studying 
each publication. It was predicted that the number of female authors 
per paper would increase with time, as would the range of degrees 
held by the authors, demographical variations in authorship, and the 
funding source. The aim was also to determine the distribution of 
female first authors and senior authors in endocrinology journals over 
a 70-year period, as well as to check the gender combinations using 
the Punnett square.   
Results  
Female initial authors rose from 7% to 29.6% (p<0.0006) between 1961 
and 2021, whereas female senior authors rose from 15.6% to 22.2%. 
Despite women's small contributions to first and senior authors, 
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female participation rose from 17.48% (25/143) to 70% (170/250) 
between 1961 and 2021. Male-Female and Female-Male combinations 
rose with Chi-Square = 124.6, (p<0.0001). Europe and the Americas 
had the most female academic medical contributors (p<0.0001) 
Regardless of author status, female participation rose from 17.48% in 
1961 to 68% in 2021.  
Conclusion   
In papers published in endocrinology journals, there was a rising 
trend in female contributions to academic medicine. Even with the 
large growth of female endocrinologists, there is still a disparity in 
why the increase in female authors is comparably fewer.

Keywords 
endocrine, gender-gap, sex-ratio, demographics, bias, equity, 
medicine
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JOE-Journal of Endocrinology
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Introduction
Women confront a variety of challenges, and most of us are  
aware of the discrimination they suffer on a daily basis, whether 
in society, the job, schools, or the scientific community1. Salaries  
and allowances are only a small part of the pay disparity2.  
Women have experienced more hurdles than their male coun-
terparts in obtaining support in the field of medical research,  
including but not limited to assets, funding, assistance, and 
the peer-review process, to name a few3,4. In any type of study,  
motivation and the availability of resource reserves are crucial,  
and a lack of both might have a detrimental impact on the sci-
entific advancement that the medical community is actively  
seeking5. Such difficulties are replicated when female writers  
seek funding for their projects and research, resulting in a  
“gender pay gap” that often goes unnoticed and discourages  
women from pursuing research2.

Women make up about half of the medical school students  
in the United States6. This is a significant rise from less than  
10% in 19656,7. The proportion of female physicians in  
endocrinology is 44%8,9. The gender disparity is anticipated 
to narrow even more, as women made up three-quarters of  
endocrinology fellowship applicants in 20148,9.

Women remain underrepresented in senior academic positions  
including tenured faculty positions, though9. While female  
physicians filled 38% of faculty positions in US medical schools  
in 2014, only 22% of tenured professors were female4,10.

With numerous reforms and activism, the number of females  
active in delivering specialist healthcare in the field of  
endocrinology, or any other profession for that matter, has  
increased in recent decades11,12. A similar pattern has emerged 
among females active in indirect health care, such as females 
with backgrounds in basic sciences, epidemiologists, and others9.  
However, growth in the number of females working in these 
sectors does not always correspond to increased research  
possibilities10.

A few papers in cardiology, gastroenterology, and pulmon-
ology after analyzing the current literature were discovered 
by this study, however there was a noteworthy absence in  
endocrinology11,13,14. Therefore this study plans to fill this gap  
and analyze part of the reality by individually assessing articles  
published in two major endocrinology journals to evaluate  
whether there has been a proportionate change in the number 
of articles published by female authors, and whether the  

female authors were funded by government bodies, educational 
institutions, or organizations, or if they were solely self-funded. 
Additionally, demographic analysis was included to comment  
on how well specific geographical regions have performed  
in terms of fostering gender equality during the 70-year  
timeframe of our research.

Methods
To find appropriate papers for this study, journal search  
engines such as PubMed, Scimago, Embase, OMICS, and  
Google Scholar were used15. The two journals had to have a  
comparable number of articles in each, data available from  
at least 1961, and an h-index over 100 to be eligible. One jour-
nal was chosen from a publisher in the United Kingdom,  
while the other was chosen from a publisher in the United States 
to reduce the bias and diversify the pool of authors who are  
submitting the manuscript and for better randomization.  
Bioscientifica’s Journal of Endocrinology and General and  
Comparative Endocrinology were the two journals that met  
this study’s’ requirements. Any other journal that met the criteria 
but has already been examined in a similar study was ruled out16.  
Other important endocrinology journals, such as the Journal of 
Clinical Endocrinology & Metabolism and Thyroid, had already  
been utilized to track demographics and female authorship 
trends14.

Selected publications were examined, and data for this research  
was gathered for the first year of each decade, beginning in 1961.  
In total, data from seven decades were examined: 1961, 1971,  
1981, 1991, 2001, 2011, and 2021. The data was collected  
between January 1st and December 31st of the following year.  
A total of 2432 articles in both journals (JOE – 1162,  
GCE – 1270) were discovered. Book reviews, author indexes, 
animal indexes, subject indexes, inaccessible articles, or articles  
where the gender couldn’t be determined were not included.  
Following the exclusion of articles, the total number of articles 
was estimated to be 2291(See Underlying data)17. (JOE- 1115,  
GCE -1176). 

In the manuscript, data was gathered for both the first and  
last authors, and the categories assigned were further documented. 
A total of ‘n’ papers from both journals were independently  
evaluated. If they were book reviews, author indexes, or  
cumulative indexes, a ‘m’ number of articles had to be eliminated 
due to a lack of reasonable evidence on the gender, demography,  
or funding of the paper. As a result, (n-m) papers in this 
research were included (Table 1). Using the aforementioned 
methodology, each item was immediately assessed in order to  
analyze the following variables: 

1) Biological gender of authors
The following approaches were used to collect data, in order  
of preference based on availability: To gather information from  
University/Organization/LinkedIn pages, I) Google was used to  
search for writers by their names and departments. II) Assuming  
gender based on nomenclature conventions (e.g., John being  
the name of a male author; Christy being a female author). 
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III) The biological genders of some authors who were registered 
on Scopus and Google Scholar were used to assign genders.  
In addition, in the event of a snag, https://gender-api.com was  
used to resolve the issue.

2) Geographical demographics
The following approaches were used to collect data, in 
order of preference based on availability: I) Data from  
University/Organization/LinkedIn/ORCiD pages; II) Author 
affiliations specified in the article; III) data from University/ 
Organization/LinkedIn/ORCiD pages; IV) Based on regional 
nomenclature conventions and trends (e.g., Asian names being  
Raja Gopalchandra, Li-Hu Wang, BK Gupta, Chandragouda  
Patil, etc.). Author affiliation was one of the variables used to  
assign demographics to the authors, therefore a lot of focus  
was placed on where they were affiliated. 

3) Presence of at least one female author
To include all other authors engaged in the study, the presence  
of at least one female author was determined using the same 
methods to determine the biological gender of the first and  
last authors. 

4) Author’s qualifications
Because all qualifications overlap, authors were divided 
into broad categories. MBBS/MD/DM/DO was included in  
Category 1. Ph.D./MSc/MPH were placed in category 2, and 
other paramedical areas were placed in category 3. To prevent  
prejudice while reporting, authors were divided into groups  
that classified qualifications according to international criteria. 

UNESCO’s international standard classification of education  
was also used in this study18.

Table 1. Inclusions and Exclusions.

Year Total 
Number of 
Articles

Excluded Articles Included 
Articles

1961
144 
JOE-90 
GCE-54

-
1 Excluded 
1 Undetermined Author Gender 
0 Exclusions

=
143 
JOE – 89 
GCE – 54

1971
421 
JOE-282 
GCE-139

-
2 Excluded 
0 Exclusions 
1 Author Index + 1 Book Review

=
419 
JOE – 282 
GCE – 137

1981
477 
JOE-218 
GCE-259

-
68 Excluded 
(7 Undetermined Author Genders + 1 Inaccessible article) 
(1 Animal Index + 56 Book Reviews + 1 Undetermined 
Author Gender + 1 Author Index + 1 Subject Index)

=
409 
JOE – 210 
GCE – 199

1991
328 
JOE-111 
GCE-217

-

25 Excluded 
(8 Undetermined Author Genders + 1 Commentary + 1 
Inaccessible article) 
(1 Summary + 1 animal index + 1 subject index + 3 author 
index + 9 Book Reviews)

=
303 
JOE – 101 
GCE – 202

2001
402 
JOE-252 
GCE-150

-
32 Excluded 
25 Undetermined Author Genders 
(7 Undetermined Gender)

=
370 
JOE – 227 
GCE – 143

2011
406 
JOE-118 
GCE-288

-
9 Excluded 
2 Undetermined Author Genders 
7 Undetermined Author Genders

=
397 
JOE – 116 
GCE – 281

2021
254 
JOE-91 
GCE-163

-
4 Excluded 
1 Undetermined Author Gender 
3 Undetermined Author Genders

=
250 
JOE – 90 
GCE – 160

Combined
n = 2432 
JOE-1162 
 
GCE-1270

-

m = 141 Excluded 
44 Undetermined Author Genders + 2 Inaccessible articles + 
1 Commentary 
 
18 Undetermined Author Genders + 5 Author Index + 2 
Animal Index + 2 Subject Index + 66 Book Reviews + 1 
Summary

=
n-m = 2291 
JOE – 1115 
 
GCE – 1176
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5) Source of funding 
Data on funding was gathered by skimming through articles 
and looking for keywords such as ‘grant, “support,’ ‘fund,’  
‘acknowledgement,’ ‘thank,’ and so on19.

The articles were divided into major groups such as  
government, university or organization, industry, self, other, 
and not stated. The majority of the available data came from  
the government, university, organization, or industry, with 
the exception of a few articles where funding was a problem,  
in which case the category ‘others’ was used, and for articles  
where funding was not available, the category ‘not mentioned’  
was used. In research with several funding sources,  
government-based sources were given priority over other sources.

Companies/Industry/commercial sources were given preference 
over organizational or university financing in other multi-source 
sponsored studies without any government backing.

Statistical Analysis
Data was incorporated in Microsoft Excel Sheet and further  
data was analyzed using GraphPad Prism Version 9.3.1., data  
was reported in tabular form. Unpaired t test (non-parametric,  
Kolmogorov-Smirnov test) was used to compare the outcomes  
with two variables, one way ANOVA (Kruskal Wallis Test)  
was used for comparison in places with three or more variables. 
Chi-Square was used for categorical variables. 

Results
There was an increase in female first authors from 1961 to 2021.  
The contribution of females as first authors increased from 
7% (10/143) in 1961 to 29.6% (74/250) in 2021 (p=0.0006).  
An unpaired, non-parametric t-test was employed to deter-
mine significance. Not only first authors, but participation  
from female senior authors grew as well, however, the rise  
in senior authors occurred between 1971 and 2021, whereas 

the rise in female first authors occurred between 1961 and 
2021. The unpaired, non-parametric t-test was performed to  
correlate significance, in senior female authors rise was 
seen from 12.5 % (43/344) in 1971 to 22.2 % (48/245) in 
2021 (p=0.0006). (Figure 1) Surprisingly, the senior female  
contribution was 15.6 % in 1961 (14/90) a bit more than  
expected. When the data was stratified by region, it was  
discovered that Europe was the leading contributor in terms 
of female involvement in research for both first and senior 
authors, followed by the Americas. Additionally, initial writers  
and senior authors were viewed as having similar levels of  
involvement. The African and Australian continents made the 
least contribution. (Figure 2) Remarkably, a growing trend  
in which female engagement was included as a variable was  
noticed. All the writers in the paper were thoroughly assessed,  
and even if one of the authors was a woman, it was marked  
as yes and placed in a different category.

Although female involvement, with respect to all authorship  
orders, rose from 17.48% (25/143) in 1961 to 68% (170/250) 
in 2021, females continue to publish fewer manuscripts  
as first (29.6%) and senior (22.2%) authors.

Categories of first writers and senior authors were created  
using a new representation in which a mix of male and female 
authors were used to report the four possible results. The  
categories Male-Male, Male-Female, Female-Male, and  
Female-Female were used. Data evaluation resulted in Chi-Square 
= 124.6 with p<0.0001. (Figure 3)

Calculations were made to examine the distribution of  
funding sources for submissions with female first authors, as 
well as the qualifications possessed by the writers at the time.  
This section contains related data as well as observations made  
for the core goals of this study (Table 2).

Figure 1. Percentage of female authorship trends over the years.
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Figure 2. Author demographics - first authors (left) and senior authors (right).

Figure 3. Gender combinations over the years.

Table 2. Combined table for funding sources, author gender distribution, demographics, and qualification.

1961 1971 1981 1991 2001 2011 2021 p-value

First Author

Male 133/143 
(93%)

387/419 
(92.36%)

347/409 
(84.85%)

259/303 
(85.47%)

287/370 
(77.56%)

277/397 
(69.77%)

176/250 
(70.4%)

0.0006
Female 10/143 

(7%)
32/419 
(7.64%)

62/409 
(15.15%)

44/303 
(14.53%)

83/370 
(22.44%)

120/397 
(30.33%)

74/250 
(29.6%)

Senior Author

Male 76/90 
(84.4%)

301/344 
(87.50%)

322/365 
(93.1%)

262/292 
(89.7%)

298/356 
(83.7%)

298/376 
(79.26%)

197/245 
(78.8%)

0.0006
Female 14/90 

(15.6%)
43/344 
(12.5%)

43/365 
(6.9%)

30/292 
(10.3%)

58/356 
(16.3%)

78/376 
(21.74%)

48/245 
(22.2%)
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1961 1971 1981 1991 2001 2011 2021 p-value

First Female Author Demographics

Americas 6/10 
(60%)

7/32 
(21.87%)

26/62 
(41.93%)

11/44 
(25%)

31/83 
(37.34%)

49/120 
(40.83%)

32/74 
(43.24%)

<0.0001

Asias 0/10 
(0%)

4/32 
(12.5%)

9/62 
(14.51%)

9/44 
(20.45%)

11/83 
(13.25%)

17/120 
(14.16%)

14/74 
(18.91%)

Europe 4/10 
(40%)

16/32 
(50%)

23/62 
(37.09%)

22/44 
(50%)

38/83 
(45.78%)

48/120 
(40%)

20/74 
(27.02%)

Africa 0 
(0%)

1/32 
(3.125%)

2/62 
(3.22%)

0 
(0%)

0 
(0%)

0 
(0%)

3/74 
(4.05%)

Australia 0 
(0%)

4/32 
(12.5%)

2/62 
(3.22%)

2/44 
(4.55%)

3/83 
(3.61%)

0 
(0%)

5/74 
(6.76%)

Senior Female Author Demographics

Americas 5/14 
(35.71%)

12/43 
(27.90%)

18/43 
(41.86%)

14/30 
(46.67%)

23/58 
(39.66%)

35/78 
(44.87%)

17/48 
(35.42%)

<0.0001

Asias 2/14 
(14.28%)

2/43 
(4.65%)

7/43 
(16.27%)

6/30 
(20%)

8/58 
(13.79%)

8/78 
(10.26%)

7/48 
(14.58%)

Europe 7/14 
(50%)

25/43 
(58.13%)

16/43 
(37.20%)

9/30 
(30%)

24/58 
(41.38%)

32/78 
(41.03%)

18/48 
(37.50%)

Africa 0 
(0%)

2/43 
(4.65%)

1/43 
(2.32%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

Australia 0 
(0%)

1/43 
(2.32%)

1/43 
(2.32%)

1/30 
(3.33%)

3/58 
(5.17%)

3/78 
(3.85%)

6/48 
(12.50%)

Whether Female was involved 
or not? 

(Yes/Total Papers)
25/143 

(17.48%)
73/419 

(17.50%)
98/411 

(23.84%)
102/303 
(33.66%)

162/370 
(43.78%)

247/397 
(62.22%)

170/250 
(68%)

Funding to papers with female first authors

Government 6/10 
(60%)

14/32 
(43.75%)

45/62 
(72.58%)

21/44 
(47.72%)

54/83 
(65.06%)

59/120 
(49.16%)

28/74 
(37.84%)

<0.0001

University or Organization 4/10 
(40%)

13/32 
(40.65%)

8/62 
(12.90%)

12/44 
(27.27%)

25/83 
(30.12%)

58/120 
(48.33%)

43/74 
(58.11%)

Industry 0 
(0%)

1/32 
(3.1%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

Self 0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

1/74 
(1.35%)

Others 0 
(0%)

0 
(0%)

1/62 
(1.61%)

5/44 
(11.36%)

1/83 
(1.21%)

1/120 
(0.83%)

0 
(0%)

Not mentioned 0 
(0%)

4/32 
(12.5%)

8/62 
(12.90%)

6/44 
(13.63%)

3/83 
(3.61%)

2/120 
(1.67%)

2/74 
(2.70%)

Current Qualifications (First Female Author)

MBBS/MD/DO/Fellow 0 
(0%)

5/32 
(15.63%)

9/62 
(14.52%)

1/44 
(2.27%)

15/83 
(18.07%)

18/120 
(15%)

7/74 
(9.46%)

<0.0001Ph.D./MSc/MPH 10/10 
(100%)

26/32 
(81.25%)

52/62 
(83.87%)

43/44 
(97.73%)

68/83 
(81.92%)

96/120 
(80%)

57/74 
(77.03%)

Others 0 
(0%)

1/32 
(3.13%)

1/62 
(1.61%)

0 
(0%)

0 
(0%)

6/120 
(5%)

10/74 
(13.51%)
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1961 1971 1981 1991 2001 2011 2021 p-value

Current Qualifications (Senior Female Author)

MBBS/MD/DO/Fellow 5/14 
(35.71%)

7/43 
(16.28%)

3/43 
(6.98%)

30/30 
(100%)

10/58 
(17.24%)

13/78 
(16.67%)

11/48 
(22.92%)

0.049Ph.D./MSc/MPH 9/14 
(64.29%)

30/43 
(69.77%)

40/43 
(93.02%)

0 
(0%)

48/58 
(82.76%)

63/78 
(80.77%)

26/48 
(54.17%)

Others 0 
(0%)

6/43 
(13.95%)

0 
(0%)

0 
(0%)

0 
(0%)

2/78 
(2.56%)

11/48 
(22.92%)

Discussion
This study focused on the articles published from 1961 to 2021 
(Seven-decades), in two major endocrinology journals i.e.  
Bioscientifica’s Journal of Endocrinology and General and  
Comparative Endocrinology, though there are more landmark  
journals in the field of endocrinology they were excluded  
because they were already used in the study by El Hakimi  
et al. showing authorship trends in major endocrinology  
journals14. Although El Hakimi et al. analyzed four prominent  
endocrinology journals (Thyroid, Journal of Clinical  
Endocrinology & Metabolism, Journal of Bone and Mineral  
Research, and Diabetes Care), each journal’s purpose and 
scope were distinct, resulting in a bias when comparing them14.  
El Hakimi et al. found that the overall percentage age  
of female authors increased from 23.3 % in 1991 to 39.2 %  
in 2015, but in this study, female contributions as first  
author increased from 7% (10/143) in 1961 to 29.6 % (74/250)  
in 2021. Female qualification was one of the key reasons for  
limited female involvement from 1961 to 2021, as discovered  
in this study, making it one of the most significant factors to 
keep in mind as the increasing trend in female contribution  
is observed. This has to do with the fact that the number  
of females involved is proportional to their qualifications. 

Despite the fact that, according to the American Association of 
Medical Colleges, there were 51.3 % female endocrinologists  
compared to 48.3 % males in the United States in 2019, there  
is still a mystery as to why there are still so few female authors 
in scientific literature20. Female first authors made up 3.0 % of  
all publications in 1958, compared to 23 % in 2016, according  
to Amankwah et al.21 In other specialties, such as cardiology,  
female first authors made up 3.0 % of all publications in 1958,  
compared to 23 % in 201621. Similarly, in 1958, female last  
authors accounted for 5.2 % of all publications, compared  
to 20% in 2016. There was also a rise in the number of  
articles from Europe and Asia compared to this study where an 
increase in articles from Americas and Europe was observed.

Despite the overwhelming positive findings, the studies also  
point to several potential areas of concern. Although the  
percentage age of female authors has increased over time, 
the data show that there was a lack of momentum among  
both first and senior authors between 1981 and 1991.  
Expanding and combining ideas from various articles pub-
lished in major journals such as Endocrinology, Cardiology, and  
Gastroenterology, additional factors such as qualifications,  

funding source and further stratified, and female involvement as 
any co-author were considered.

Several studies have looked into gender inequalities in medi-
cine, such as Sidhu et al. work in the United Kingdom, or  
Mehran et al. works in Cardiology where Data from rand-
omized controlled trials was investigated to assess gender gap.  
However, there was still a need to look into a way to assess 
the outcomes over a longer period of time. Because, in order  
to see the change, a long-term strategy must be implemented  
across several years to obtain more precise findings. The aim  
was to assess the same in this study by including 70 years of 
data, resulting in a more skewed conclusion. Researchers have  
incorporated data indicating trends over 20 or 30 years in  
the past or recently, but this is the first research of such kind, with 
articles gathered over 70 years.

Several combinations of male-female First and Senior Authors  
were employed, resulting in four possible scenarios of MM, 
MF, FM, FF, where a decline in MM combination of authors  
and an increase in MF or FM from 1961 to 2021 was noticed  
(Figure 3)

This was unique because, whereas other authors identified  
patterns in sole females, this study viewed this as a fact that 
needed to be addressed. In a cross-sectional study published  
by Gayet-Ageron et al., a similar combination was employed, 
although the major focus was on author contribution rather than 
gender inequality. 

This study employed methods to determine the gender of  
first and senior contributors that were similar to those previously  
reported in studies on gender and authorship. As a result, the  
findings of this study provide a more accurate and comprehensive  
picture of change over time than a sample consisting  
exclusively of original research articles published in the 
included journals in a single year per decade, for example.  
Qualification, continent, and female participation in all the  
authors present were also factored in this study.

Conclusion
This research found a statistically significant rise in the number 
of female authors participating in endocrinology research,  
both as first and senior authors. Despite the increase in female 
engagement, it was discovered that it still falls short of  
male participation. Female involvement had previously  
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increased sharply, but it plateaued in the 2000s, remaining  
significantly below 50% and consequently less than male  
participation. Female contribution increased initially in the  
Americas and then on the European continent. Female authors 
from Europe contributed the most, followed by those from the  
American continent, both of which are high-income regions 
of the world. The rise in female contributions was not restricted  
to affluent countries; the Asian continent, which still contains 
many low-income regions, had a similar upward trend. Despite  
a large rise in female participation, changes for females and  
gender equality are still needed to boost female empowerment  
and the scientific community.

Data availability
Underlying data
Dryad: Trends in authorship demographics for manuscripts  
published in endocrine journals - A 70-year analysis

https://doi.org/10.5061/dryad.rjdfn2zdh17

This project contains the following underlying data:

Data-Sheet.csv. (Data were collected from two major journals  
and analyzed for individual parameters as mentioned in the  
first row of the excel sheet. The first row describes all the  
numeric coding used to allot different categories to the study  
parameters.)

Data are available under the terms of the Creative Commons  
Zero “No rights reserved” data waiver (CC0 1.0 Universal  
(CC0 1.0) Public domain dedication).

Author contributions
Arpit Jain: Methodology, Data curation, Writing- original draft

Hritik Madan: Data curation, Writing- review & editing

Kamaldeep Singh: Methodology, Project administration,  
Writing- original draft

Yash Aggarwal: Data curation, Writing- review & editing

Bharat Midha: Data curation, Writing- review & editing

Shreya Gulati: Methodology, Project administration,  
Writing- review & editing

Priyanka Batra: Project administration, Supervision, Writing- 
review & editing

Ankur Batra: Conceptualization, Project administration,  
Supervision

Priyanshu Jain: Supervision, Visualization, Writing- review &  
editing

Ipsa Arora: Conceptualization, Supervision, Validation

Madhav Prabhu: Supervision, Visualization

Shreyas Arya: Formal Analysis, Supervision, Validation

Yashasvi Chugh: Formal Analysis, Validation

Shobhit Piplani: Conceptualization, Data curation, Formal  
Analysis, Methodology, Writing- original draft

References

1. SteelFisher GK, Findling MG, Bleich SN, et al.: Gender discrimination in the 
United States: Experiences of women. Health Serv Res. 2019; 54 Suppl 2 
(Suppl 2): 1442–1453.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2.	 Hoff	T,	Lee	DR:	The gender pay gap in medicine: A systematic review. Health 
Care Manage Rev. 2021.  
PubMed Abstract | Publisher Full Text 

3.	 Waisbren	SE,	Bowles	H,	Hasan	T,	et al.: Gender Differences in Research Grant 
Applications and Funding Outcomes for Medical School Faculty. J Womens 
Health (Larchmt). 2008; 17(2): 207–214.  
PubMed Abstract | Publisher Full Text 

4. Makarova E, Aeschlimann B, Herzog W: The Gender Gap in STEM Fields: 
The Impact of the Gender Stereotype of Math and Science on Secondary 
Students’ Career Aspirations. Front Educ. 2019; 4: 60.  
Publisher Full Text 

5.	 Azad	AD,	Charles	AG,	Ding	Q,	et al.: The gender gap and healthcare: 
associations between gender roles and factors affecting healthcare access 
in Central Malawi, June-August 2017. Arch Public Health. 2020; 78(1): 119.  
PubMed Abstract | Publisher Full Text | Free Full Text 

6.	 Weiss	J,	Balasuriya	L,	Cramer	LD,	et al.: Medical Students’ Demographic 
Characteristics and Their Perceptions of Faculty Role Modeling of Respect 
for Diversity. JAMA Netw Open. 2021; 4(6): e2112795.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7.	 Jefferson	L,	Bloor	K,	Maynard	A:	Women in medicine: historical perspectives 
and recent trends. Br Med Bull. 2015; 114(1): 5–15.  
PubMed Abstract | Publisher Full Text 

8.	 Thomas	CC,	Zeytinoglu	M:	Primary Care Endocrinology in the Adult Woman. 

Obstet Gynecol Clin North Am. 2016; 43(2): 325–346.  
PubMed Abstract | Publisher Full Text 

9.	 Pelley	E,	Danoff	A,	Cooper	DS,	et al.: Female Physicians and the Future of 
Endocrinology. J Clin Endocrinol Metab. 2016; 101(1): 16–22.  
PubMed Abstract | Publisher Full Text 

10.	 Onumah	C,	Wikstrom	S,	Valencia	V,	et al.: What Women Need: a Study of 
Institutional Factors and Women Faculty’s Intent to Remain in Academic 
Medicine. J Gen Intern Med. 2021; 36(7): 2039–2047.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11.	 Jagsi	R,	Guancial	EA,	Worobey	CC,	et al.: The “Gender Gap” in Authorship of 
Academic Medical Literature — A 35-Year Perspective. N Engl J Med. 2006; 
355(3): 281–287.  
PubMed Abstract | Publisher Full Text 

12.	 Ouyang	D,	Sing	D,	Shah	S,	et al.: Sex Disparities in Authorship Order of 
Cardiology Scientific Publications. Circ Cardiovasc Qual Outcomes. 2018; 
11(12): e005040.  
PubMed Abstract | Publisher Full Text 

13. Amankwah N, Park M, Gu A, et al.: Trends in Authorship Demographics for 
Manuscripts Published in The American Journal of Cardiology. Am J Cardiol. 
2018; 122(7): 1255–1259.  
PubMed Abstract | Publisher Full Text 

14. Elhakimi W, Al Othman A, El Yahia M, et al.: Female authorship in major 
endocrinology journals: a 25-year progression. Journal of Endocrinology, 
Metabolism and Diabetes of South Africa. 2018; 23(3): 76–79.  
Publisher Full Text 

15. Falagas ME, Pitsouni EI, Malietzis GA, et al.: Comparison of PubMed, Scopus, 
Web of Science, and Google Scholar: strengths and weaknesses. FASEB J. 

Page 9 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022

https://doi.org/10.5061/dryad.rjdfn2zdh
https://creativecommons.org/publicdomain/zero/1.0/
http://www.ncbi.nlm.nih.gov/pubmed/31663120
http://dx.doi.org/10.1111/1475-6773.13217
http://www.ncbi.nlm.nih.gov/pmc/articles/6864374
http://www.ncbi.nlm.nih.gov/pubmed/33534271
http://dx.doi.org/10.1097/HMR.0000000000000290
http://www.ncbi.nlm.nih.gov/pubmed/18321172
http://dx.doi.org/10.1089/jwh.2007.0412
http://dx.doi.org/10.3389/feduc.2019.00060
http://www.ncbi.nlm.nih.gov/pubmed/33292511
http://dx.doi.org/10.1186/s13690-020-00497-w
http://www.ncbi.nlm.nih.gov/pmc/articles/7672876
http://www.ncbi.nlm.nih.gov/pubmed/34086032
http://dx.doi.org/10.1001/jamanetworkopen.2021.12795
http://www.ncbi.nlm.nih.gov/pmc/articles/8178710
http://www.ncbi.nlm.nih.gov/pubmed/25755293
http://dx.doi.org/10.1093/bmb/ldv007
http://www.ncbi.nlm.nih.gov/pubmed/27212095
http://dx.doi.org/10.1016/j.ogc.2016.01.005
http://www.ncbi.nlm.nih.gov/pubmed/26574957
http://dx.doi.org/10.1210/jc.2015-3436
http://www.ncbi.nlm.nih.gov/pubmed/33973153
http://dx.doi.org/10.1007/s11606-021-06771-z
http://www.ncbi.nlm.nih.gov/pmc/articles/8298726
http://www.ncbi.nlm.nih.gov/pubmed/16855268
http://dx.doi.org/10.1056/NEJMsa053910
http://www.ncbi.nlm.nih.gov/pubmed/30562072
http://dx.doi.org/10.1161/CIRCOUTCOMES.118.005040
http://www.ncbi.nlm.nih.gov/pubmed/30075895
http://dx.doi.org/10.1016/j.amjcard.2018.06.026
http://dx.doi.org/10.1080/16089677.2018.1465252


2008; 22(2): 338–342.  
PubMed Abstract | Publisher Full Text 

16.	 Rison	RA,	Shepphird	JK,	Kidd	MR:	How to choose the best journal for your 
case report. J Med Case Rep. 2017; 11(1): 198.  
PubMed Abstract | Publisher Full Text | Free Full Text 

17. Jain A: Trends in authorship demographics for manuscripts published in 
Endocrine journals: A 70-year analysis.	Dryad,	[Data],	2022.	 
http://www.doi.org/10.5061/dryad.rjdfn2zdh

18. International Standard Classification of education ISCED 2011.  
Reference Source

19. Powell K: Searching by grant number: comparison of funding 
acknowledgments in NIH RePORTER, PubMed, and Web of Science. J Med 
Libr Assoc. 2019; 107(2): 172–178.  
PubMed Abstract | Publisher Full Text | Free Full Text 

20. Number of People per Active Physician by Specialty. 2019.  
Reference Source

21. Amankwah N, Park M, Gu A, et al.: Trends in Authorship Demographics for 
Manuscripts Published in The American Journal of Cardiology. Am J Cardiol. 
2018; 122(7): 1255–1259.  
PubMed Abstract | Publisher Full Text 

Page 10 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022

http://www.ncbi.nlm.nih.gov/pubmed/17884971
http://dx.doi.org/10.1096/fj.07-9492LSF
http://www.ncbi.nlm.nih.gov/pubmed/28732524
http://dx.doi.org/10.1186/s13256-017-1351-y
http://www.ncbi.nlm.nih.gov/pmc/articles/5522590
http://www.doi.org/10.5061/dryad.rjdfn2zdh
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/31019385
http://dx.doi.org/10.5195/jmla.2019.554
http://www.ncbi.nlm.nih.gov/pmc/articles/6466482
https://www.aamc.org/what-we-do/mission-areas/health-care/workforce-studies/interactive-data/number-people-active-physician-specialty-2019
http://www.ncbi.nlm.nih.gov/pubmed/30075895
http://dx.doi.org/10.1016/j.amjcard.2018.06.026


Open Peer Review
Current Peer Review Status:  

Version 1

Reviewer Report 12 September 2022

https://doi.org/10.5256/f1000research.134313.r145850

© 2022 Mahajan K. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Kunal Mahajan  
Himachal Heart Institute, Mandi, Himachal Pradesh, India 

The authors have done a good quality analysis of the gender trends along with inclusion of other 
variables but a few vague terms in the manuscript make it difficult for a reader to comprehend the 
true meaning of the sentence as intended by the authors. I recommend rectification of the 
following points:

Result sections in ‘Abstract’ & in complete ‘Results’: The use of words ‘initial authors’ 
provides an ambiguous meaning to the reader. Please clarify whether initial authors is the 
first author or the first few authors, etc. 
 

1. 

‘Background’ section of ‘Abstract’: It would be nice to paraphrase this section of the abstract 
as it provides an unclear meaning and warrants a further reading to decipher the purpose 
of this article. 
 

2. 

‘Methods’ section of the ‘Abstract’: The authors have mentioned the use of Punnett square 
for depiction of gender combinations, but such an illustration has not been included in their 
paper. Authors are encouraged to provide a 2x2 table as it will further enhance their results 
by including number and gender distribution trends of lone authors i.e. papers having a 
single author.

3. 

Rectification of these minor inconsistencies will allow a reader to better comprehend the article 
and further enhance this much needed article in the field of Endocrinology and in a world where 
gender equality should matter.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?

 
Page 11 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022

https://doi.org/10.5256/f1000research.134313.r145850
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 12 Sep 2022
Shobhit Piplani, Jawaharlal Nehru Medical College, Belgaum, India 

Thank you for your valuable response and review of our article. In the revised version of our 
paper, we have included a Punnett Square (Figure 4) depiction of our trends to facilitate the 
visualization of gender combinations as well as the inclusion of solitary authors. 
Additionally, the abstract has been rewritten to eliminate any ambiguity that may have 
arisen from differing viewpoints. While describing authors, the word 'initial' has been 
replaced with 'first', which defines the order of authorship more precisely.  

Competing Interests: No competing interests were disclosed.

 
Page 12 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022



The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias•

You can publish traditional articles, null/negative results, case reports, data notes and more•

The peer review process is transparent and collaborative•

Your article is indexed in PubMed after passing peer review•

Dedicated customer support at every stage•

For pre-submission enquiries, contact research@f1000.com

 
Page 13 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022

mailto:research@f1000.com


© 2022 APIK Journal of Internal Medicine | Published by Wolters Kluwer - Medknow178

Abstract

Original Article

IntRoductIon

Hypertension (HTN) is a well-known risk factor for global 
mortality and morbidity.[1] Disease burden among adults as 
an outcome of HTN has doubled from 594 million in 1975 to 
1.13 billion in 2015, with a disproportionately large prevalence 
observed in low- and middle-income countries.[2] In India, the 
Global Burden of Disease study attributed 1.63 million deaths 
as a consequence of HTN in 2016 alone.[1] Etiological factors 
of HTN are ubiquitous in nature; however, experimental 
evidence suggests that elevated serum uric acid (SUA) level 
was an independent predictor of HTN and progression of blood 
pressure (BP).[3] Nevertheless, the role of SUA as a marker, or 
risk factor for HTN, remains unclear.[4]

SUA level above the threshold of 6.8 mg/dL is referred to as 
hyperuricemia.[5] Hyperuricemia can result in gout, endothelial 

dysfunction, or uric acid nephrolithiasis, which further 
worsen the quality of life in hypertensive patients.[5,6] SUA 
concentrations rise either due to increased uric acid production 
or decreased excretion, or a combination of the two. Increased 
consumption of protein, alcohol, and enzymatic abnormalities 
of uric acid/urate transporters in purine metabolism are key 
factors in increasing SUA production.[7,8] This prolonged 
accrual of SUA facilitates the development of HTN by 
multiple pathways, such as activation of the renin–angiotensin–
aldosterone pathway, influencing glomerular apparatus, uric 
acid-induced smooth muscle cell proliferation, or heightened 
hyperinsulinemia that effectuates decrease in excretion of uric 
acid, potassium, and sodium that results in elevated BP.[9] As 
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the levels of SUA and BP are reflective of the inner physiology, 
which itself is influenced by aging, body mass index (BMI), 
dietary intake, and lifestyle habits, evaluating the relationship 
between SUA and HTN becomes a complex task.[10]

Although a couple of studies have commented on the nexus 
between SUA and HTN, there is a dearth of literature pertaining 
to the prevalence of hyperuricemia, its association, and 
correlation with demographic and physiological characteristics 
in hypertensive patients. Moreover, most of the previously 
conducted studies have investigated patients being treated with 
antihypertensive agents.[11]

Considering these facts, the present study was undertaken (1) 
to find the association between hyperuricemia and BP in 
newly diagnosed primary HTN and (2) to find the association 
of hyperuricemia in hypertensive patients with regard to 
ancillary factors of HTN such as gender, age, BMI, and high 
triglyceride levels.

MateRIals and MetHods

This cross sectional study was under taken at KAHER’s 
(KLE academy of Higher Education and Research) Dr. 
Prabhakar Kore hospital and MRC, Belagavi, Karnataka, 
attached to Jawaharlal Nehru Medical College. A total of 100 
adult patients diagnosed with primary HTN as per the 2017 
American College of Cardiology/American Heart Association 
guidelines were enrolled.[12] Patients with renal failure, gout, 
malignancy, secondary HTN, and pregnancy-induced HTN and 
those receiving pharmacological treatments such as thiazides, 
loop diuretics, pyrazinamide, allopurinol, and ethambutol were 
excluded from the study. The ethical clearance was obtained 
from the institutional ethics committee and written informed 
consent was obtained from all participants

Data collection
The sample size was calculated based on the formula as 
mentioned below.

4
2

× p× qn =
d

Where, p = prevalence of the disease which was considered 
as 50% due to scarcity of data on primary/essential HTN in 
the study area

q = 100–P = 100–50 = 50

d = Absolute error taken as 10%

Therefore, 
2

4 ×50 × 50=
10

n

n = 100

Hence, a sample size of 100 was considered for the study.

This study was conducted over a span of 1 year between 
January 2018 and December 2018. Demographic details of 
patients such as age, gender, and occupation along with a 
comprehensive medical history were noted. Baseline clinical 

features encompassing height (m), weight (kg), BMI (kg/m2), 
systolic BP (SBP), and diastolic BP (DBP) (mmHg) were 
evaluated by a thorough general physical examination. BMI 
was estimated by dividing the weight (kg) of patients by the 
square of their height (m) and subsequently classified according 
to overweight and obesity by BMI in adult Asians.[13] BP of 
patients was recorded by the digital sphygmomanometer 
OMRON HEM-8712 in the sitting position after a respite 
of 5 min. BP was recorded thrice and the mean BP was 
calculated.[14] A baseline SBP of 140–159 mmHg or DBP 
of 90–99 mmHg was recognized as Stage I HTN, whereas 
baseline SBP of ≥160 mmHg or DBP ≥100 mmHg was 
recognized as Stage II HTN.[15] Under aseptic conditions, 2 mL 
of venous blood was collected in ethylenediaminetetraacetic 
acid vials for further investigations such as SUA (mg/dL), 
hemoglobin (gm%), complete blood count (CBC), platelet 
count (/mm3), serum urea (mg/dL), thyroid stimulating 
hormone(mIU/L), random blood sugar (RBS) (mg/dL), total 
cholesterol l (mg/dL), low-density lipoprotein (LDL) (mg/dL), 
high-density lipoprotein (HDL) (mg/dL), and triglyceride 
levels (mg/dL). Early morning venous blood samples were 
used for SUA and lipid profile analysis. SUA was estimated 
by the uricase – POD enzymatic colorimetric method using the 
SPINREACT kit (Spinreact SAU, Girona, Spain) according 
to manufacturer’s instructions.[16] SUA >6 mg/dL and 
SUA >7 mg/dL were considered as hyperuricemia for male and 
female, respectively. Lipid profile was ascertained based on 
National Cholesterol Education Program guidelines.[17] Total 
cholesterol, LDL, and triglyceride values above 200 mg/dL, 
100 mg/dL, and 150 mg/dL, respectively, were considered to be 
elevated. HDL values below 50 mg/dL in females and 40 mg/dL 
in males were considered abnormal. SUA levels noted among 
patients were classified into four quartiles of <4.69, 4.69–5.58, 
5.58–6.52, and ≥6.52 mg/dl, as depicted by Wei et al.[18]

Statistical analysis
The data were recorded in a Microsoft Excel spreadsheet and 
analyzed using R i386.3.5.1 software. Continuous data were 
represented as mean ± standard deviation and the categorical 
variables were reflected by the frequency table and analyzed 
by Chi-square test. Continuous data were compared using 
t-test/Welch t-test/Mann–Whitney U-test. Pearson’s correlation 
between SUA levels with myriad factors such as age, SBP, 
DBP, total cholesterol, LDL, HDL, and triglycerides along with 
analysis of association logistic regression was performed. At 
95% confidence interval, P < 0.050 was considered significant.

Results

A study cohort comprising 100 patients showed a male 
preponderance of 68%. Study participants were aged 
between 31 and 80 years, with the majority belonging to the 
61–70 age group. The overall mean age of the patients was 
57.22 ± 11.46 years. Table 1 enumerates the baseline features 
of patients, differentiated by their gender. The SUA noted 
ranged between 2.50 and 13.50 mg/dL with mean and median 
of 6.32 ± 2.46 mg/dL and 6.15 mg/dL, respectively. Most of 
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the patients (37%) had a BMI between 23.00 and 24.99 kg/m2. 
The frequency of hyperuricemia in patients with BMI ranged 
between 23.00 and 24.99 kg/m2 (29.73%), 25.00 and 
29.99 kg/m2 (64.71%), and ≥30 kg/m2 (100%); however, BMI 
was insignificant association with hyperuricemia (P = 0.4879).

Overall, the SBP levels ranged between 130 and 180 mmHg 
with a mean and median of 156.16 ± 12.09 and 156 mmHg, 
respectively, whereas DBP levels varied between 80 and 
100 mmHg with 93.46 ± 5.05 and 94 mmHg as mean and 
median values, respectively [Table 1]. Hyperuricemia 
characterized by raised SUA levels was seen in 38% of the 
patients. Comparison of mean SBP values among the sexes 
revealed less mean SBP in females than males (P = 0.0008). 
Among the females, the mean values of CBC as well as platelet 
count were found to be elevated (P = 0.0046, P = 0.0213). 
There was a significant positive correlation of influencing 
factors such as SBP, DBP [Figure 1], age, and RBS [Figure 2] 
with SUA.

Out of 100 subjects, 33 patients with Stage II HTN had SUA 
levels ≥6.52 mg/dL, while the same was noticed in 10 Stage I 
HTN patients [Figure 3]. Subsequently, the association between 
SUA and the stage of HTN was significant (P = 0.0002). In all 
participants, for every one-unit increment in SUA, the odds 
of Stage II HTN increased by 98% after adjusting for other 
factors as determined by logistic regression. The odds of 

developing Stage II HTN were 10.72 times higher in patients 
with hyperuricemia than normal subjects on adjusting other 
factors. There was a difference predisposition of Stage II HTN 
for hyperuricemia among males with an adjusted odds ratio 
of 43.98 (P = 0.0018) and females (P = 0.0183), as shown 
in Table 2. Logistic regression of age with SUA in Stage II 
HTN subjects demonstrated patients in the 58–66 years age 
group to have a higher odds ratio of 32 than normal SUA 
subjects [Table 2]. In the present study, majority of patients 
were males (68%) and 32% were females suggesting a higher 
risk of primary HTN among males. However, the frequency 
of hyperuricemia was slightly higher in females compared to 
males (43.75% versus 35.29%) (P = 0.142).

The elevated total cholesterol levels were noted in 59% of the 
patients (P = 0.6422), raised LDL levels noted in 62% of the 
patients (P = 0.4265), abnormal HDL levels seen in 67% of 
the patients (P = 0.5245), and raised triglyceride levels seen 
in 62% of the patients (P = 0.8041). Each of these factors 
displayed a weak association with hyperuricemia.

dIscussIon

The present study involving 100 hypertensive patients was carried 
out to ascertain the relationship between HTN and hyperuricemia 
in terms of SUA levels. A wide range of SUA levels between 

Table 1: Comparison of different factors between male and female hypertensive subjects

Variables Male (n=68) Female (n=32) Gender distribution

P

Overall P Total

Age (years) 57.62±11.83 56.38±10.78 0.6156 0.0092 57.22±12.75
BMI (kg/m2) 22.59±1.99 22.41±2.25 0.6868 0.4879 22.53±3.04
Pulse rate (/min) 79.56±7.35 79.31±8.40 0.991M 0.849 79.48±10.99
Respiratory rate (/min) 19.65±2.29 19.81±2.46 0.7461M 0.8067 19.7±3.04
SBP (mm Hg) 158.88±11.56 150.38±11.26 0.0008A <0.0001 156.16±19.65
DBP (mm Hg) 94.06±4.78 92.19±5.46 0.0840 0.0092 93.46±10.57
Serum uric acid (mg/dL) 6.39±2.32 6.19±2.58 0.7106 <0.0001 6.32±2.46
Hemoglobin (g%) 11.64±2.49 11.84±1.32 0.5868WT 0.1438 11.7±2.47
Tc (/cumm) 7547.5±3577.60 9761.1±4469.02 0.0046A 0.1246 8255.85±4063
Platelet count (/cumm) 218.06±85.76 256.84±92.88 0.0213A 0.7238 230.47±91.95
Serum urea (mg/dL) 27.81±9.31 28.25±9.72 0.8279 0.3465 27.95±9.75
Serum creatinine (mg/dL) 0.87±0.21 0.83±0.27 0.4535 0.2126 0.86±0.24
RBS (mg/dL) 139.69±17.89 139.44±20.29 0.9496 0.0197 139.61±23.13
TSH (mcIU/mL) 2.08±0.62 2.19±0.89 0.5337WT 0.7545 2.11±0.74
Total cholesterol (mg/dL) 213.78±38.74 211.94±32.71 0.8166 0.6422 213.19±42.29
LDL (mg/dL) 109.46±22.98 110.22±21.62 0.875 0.4265 109.7±24.86
HDL (mg/dL) 35.28±15.78 35.47±12.91 0.953 0.5245 35.34±15.2
TG (mg/dL) 166.71±39.74 157.09±42.80 0.2737 0.8041 163.63±43.72
History of DM, n (%) 28 (41.18) 6 (18.75) 0.0136A,P 0.9592 34 (34)
Smoking, n (%) 15 (22.06) 1 (3.13) 0.0080A,P 0.1367 16 (16)
Alcohol, n (%) 16 (23.53) 1 (3.13) 0.0056A,P 0.6329 17 (17)
Tobacco chewing, n (%) 23 (33.82) 3 (9.38) 0.0046A,P 0.9529 26 (26)
MIndicates Mann–Whitney U-test, WTIndicates welch t-test, AIndicates one-tailed test, PIndicates proportion test; age, BMI, pulse rate, respiratory rate, SBP, 
DBP, SUA, hemoglobin, Tc, platelet count, serum urea, serum creatinine, RBS, TSH, total cholesterol, LDL, HDL and TG are expressed in mean±SD, 
whereas history of DM, smoking, alcohol and tobacco are expressed in percentages. SD: Standard deviation, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, Tc: Total cell count, RBS: Random blood sugar, TSH: Thyroid-stimulating hormone, LDL: Low-density 
lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides, DM: Diabetes mellitus, SUA: Serum uric acid
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2.50 and 13.50 mg/dL were noted among hypertensive study 
participants, with over one-third (38%) of the patients presenting 
with elevated SUA levels. On adjusting other factors, the odds of 
Stage II HTN were 10 fold higher in patients with hyperuricemia 
in comparison to normal subjects. Hence, one out of three patients 
with HTN was found to have hyperuricemia in this study cohort. 
The mean SUA levels noted in this study were comparable to 
case–control study by Mishra et al (5.80 ± 2.16 mg/dL mean 
SUA) (P < 0.05) in patients with newly diagnosed essential HTN.

[17] This concordance of results adds further validity to the notion of 
SUA as a predictor and cause of primary HTN. Hyperuricemia is 
often characterized yet not limited to exacerbated oxidative stress 
and amplification of the renin–angiotensin–aldosterone system. 
Adversarial impacts of hyperuricemia also include endothelial 
dysfunction, glomerulosclerosis, induction of inflammatory 
cascades, and cytokine expression. The consequent nephropathy 
and vascular abnormalities that arise stimulate the occurrence of 
arterial HTN.[17,19,20]

In the present study, SBP was recorded in a range between 
130 mmHg to 180 mmHg, while DBP levels ranged between 
80 and 100 mmHg. The drastically high mean values of SBP 
and DBP (156.16 ± 12.09 mmHg and 93.46 ± 5.05 mmHg, 
respectively) noted in this study closely correspond to the 
mean SBP and DBP levels of 159.00 ± 11.98 mmHg and 
94 ± 4.62 mmHg, respectively, in the study by Mishra 
et al.[17] However, other studies have reported comparatively 
lower levels of SBP and DBP (116.0 ± 14.6 mmHg and 
143.99 ± 14.28 mmHg mean SBP and 75.0 ± 8.7 mmHg and 
96.61 ± 7.24 mmHg mean DBP values).[8,9] This dissonance 
may arise from the fact that majority of the patients 96 (96%) 
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had Stage II HTN and only four (4%) of the patients were 
diagnosed to have Stage I HTN in the current study.

Interestingly, 39.58% of the patients with Stage II HTN had 
hyperuricemia and none of the patient with Stage I HTN had 
hyperuricemia, there was a significant association between 
the severity of HTN and SUA levels (P < 0.05). Mean 
SBP (P < 0.001) was significantly high in hyperuricemic 
patients compared to patients with normal SUA levels, 
suggesting that patients with raised SUA levels were more 
likely to present with elevated SBP. This observation was 
further strengthened the correlation of SUA levels with SBP 
and DBP which showed a strong positive correlation between 
the SUA and SBP (r = 0.5046; P < 0.0001). A moderate 
positive correlation between SUA and DBP (r = 0.2593; 
P < 0.01) was noted as well. These findings are in harmony 
with Poudel et al. demonstrating the significant association 
between SUA with SBP (P < 0.001) and DBP (P < 0.01).[9] 
Shrivastav et al. reported similar findings where although SUA 
levels were significantly associated with SBP (P < 0.05), their 
association with DBP was insignificant (P > 0.05).[19] Hence, 
it is evident that every one patient out of three with HTN 
is likely to have raised SUA levels, reflective of the strong 
association between SUA with SBP. Raised SUA as a risk 
factor for HTN was reported by Kahn et al. In this study, about 
25%–40% of adults with HTN have SUA more than 6.5 mg/dl 
and there was a direct relationship between SUA and SBP, a 
finding consistent with the present study.[3] According to Ali 
et al., an increase in HTN with a corresponding rise in SUA 
levels among patients is grouped into four quartiles.[8] These 
findings are congruent to the observations of the present study, 
thus establishing the salient interdependence between HTN 
and hyperuricemia.

In this study, males were found to have a higher chance 
of developing hyperuricemia (adjusted odds ratio of 
43.98) Previous studies have reported a higher degree of 
hyperuricemia in males as compared to females in hypertensive 
patients (6.15–6.47 mg/dL in males and 4.32–4.87 mg/dL in 
females).[11,21] The mean SUA levels were also slightly high 
among male patients compared to female patients in the present 
study, but again, the difference was insignificant (P > 0.05). 
Possible reasons for the divergence in findings may be due to 
sociodemographic factors such as stressful lives and inclusion 
of more women of postmenopausal age experiencing hormonal 
fluctuations. These observations suggest that, although the 
elevated SUA levels in patients with primary HTN are not 
solely influenced by sex, it is a risk factor to be monitored.

In the present study, most of the patients were aged between 
61 and 70 years suggesting increased vulnerability of patients 
to developing hyperuricemia in their seventh decade (35%). 
Accordingly, a significant association was found between 
hyperuricemia and age (P = 0.0092). A positive correlation was 
also noted between elevated SUA and age among participants. 
The observations of Ali et al. reiterate the noteworthy 
association between SUA and age (P < 0.05), adding further 
strength to this study’s results.[8] These observations partly 
concur with a study done by Cheng et al. who found that SUA 
concentration was positively associated with HTN only in the 
41–50-year-old group.[22]

In the current study, a significant association was found 
between elevated SUA level with history of diabetes 
mellitus (34%, P = 0.0136), smoking (16%, P = 0.0080), alcohol 
consumption (17%, P = 0.0056), and tobacco chewing (26%, 
P = 0.0046) in male patients. However, the mean comparison of 
the entire cohort did not display a significant nexus of SUA with 

Table 2: Odds ratios of acquiring hyperuricemia based on age and sex of subjects

Variable OR (95% CI) P aOR (95% CI) P
Age Q1 (31-50 years) (n=32)

SUA 1.85 (1.22-3.38) 0.0127 2.89 (1.23-14.13) 0.0269
Hyperuricemia 6.56 (1.24-51.65) 0.0461 7.28 (1.14-75.04) 0.043

Age Q2 (50-58 years) (n=19)
SUA 1.90 (0.95-5.22) 0.1198 2.69 (0.98-8.81) 0.068
Hyperuricemia 6.66 (0.87-70.78) 0.1367 11.97 (0.85-553.8) 0.251

Age Q3 (58-66 years) (n=27)
SUA 2.50 (1.34-6.89) 0.0198 3.23 (1.53-13.06) 0.0248
Hyperuricemia 19.50 (3.19-186.73) 0.0054 32.59 (3.95-776.55) 0.0119

Age Q4 (66-80 years) (n=22)
SUA 1.37 (0.85-2.47) 0.244 2.04 (0.94-7.28) 0.0747
Hyperuricemia 2.19 (0.34-18.86) 0.448 2.15 (0.30-20.28) 0.438

Male
SUA 1.66 (1.25-2.35) 0.0015 1.84 (1.30-2.83) 0.0020
Hyperuricemia 27.6 (5.10-515.50) 0.0018 43.98 (7.32-760.95) 0.0010

Female
SUA 2.95 (1.56-8.48) 0.0095 4.51 (1.58-24.93) 0.0136
Hyperuricemia 15 (2.20-305.09) 0.0183 25.66 (1.73-478.33) 0.0232

Adjusted for gender, history of DM, smoking status, consumption of alcohol, tobacco consumption, BMI; age is classified based on quartiles; SUA stands 
for Serum uric acid. OR: Odds ratio, CI: Confidence interval, aOR: Adjusted odds ratio, DM: Diabetes mellitus, BMI: Body mass index.
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a history of diabetes mellitus, alcohol, smoking, and tobacco 
chewing. This variance in results may be on account of diverse 
differences in the sociocultural norms that influence the use of 
alcohol and tobacco products. These findings are suggestive 
of the fact that the association of SUA with lifestyle factors is 
multifactorial and gender specific. Dehghan et al. demonstrated 
that individuals with elevated SUA levels are at a greater risk of 
developing type 2 diabetes with hazard ratios of 1.63 and 2.83 
for those in the third and fourth quartiles of SUA, respectively.
[23] Rafieian‑Kopaei et al. conducted a cross-sectional study 
on type 2 diabetics, which concluded that SUA has a strong 
association with SBP (P = 0.02) in type 2 diabetics.[24] With 
regard to smoking, these findings are in line with previous 
studies which have reported highly elevated levels of SUA 
in former smokers.[25,26] However, Anand et al. in their case–
control study reported that there is no significant difference 
among hypertensive males with regard to uric acid  and 
smoking.[21] A study by Kumbhalkar and Deotale reported the 
absence of a significant association between tobacco chewing 
and SUA levels in congruence to the findings of the present 
study.[27] In a study by Conen et al., alcohol consumption was 
linked to elevated SUA levels, predominantly in men.[28] In 
consonance with this, the results of the present study also 
demonstrated a prevalence of alcohol consumption in 16 males 
and only one female. Regarding BMI, insignificant association 
with hyperuricemia was noticed in the present study (P > 0.05). 
In consonance with these observations, Anand et al. also 
concluded that though mean SUA is higher in study subjects 
whose BMI >25 kg/m2 than those subjects with BMI <25 kg/
m2, the association is insignificant (P > 0.05).[21]

Similarly, no significant correlation could be reckoned between 
SUA levels and total cholesterol (r = 0.0470; P > 0.05). Despite 
majority of the patients having raised LDL levels, lower HDL 
levels, and hypertriglyceridemia, a salient significant association 
of these factors with hyperuricemia was missing. These findings 
suggest that hyperuricemia is not explicitly associated with 
hypertriglyceridemia. A study by Teng et al. reported similar 
dissociation between elevated SUA and factors such as BMI and 
total cholesterol levels (P > 0.05).[29] Contrary to this, a few other 
studies state that SUA is significantly associated with BMI, LDL, 
and HDL levels.[9,11] The divergence in findings between these 
sets of studies is indicative that BMI and cholesterol parameters 
are not exclusively related to SUA and are potentially influenced 
by other concomitant physiological traits.

Strengths and limitations of the study
This study can help in the design of future large-scale clinical 
trials investigating the potential of SUA targeted therapies in 
the prevention and amelioration of HTN. Referring to SUA 
as a risk factor for HTN can expedite the screening process 
by clinicians as it is a robust and minimum invasive test for 
better patient management. Few limitations of the study are 
relatively smaller sample size and monocentric study design. 
Furthermore, the present study predominantly involved male 
patients and Stage II primary HTN patients in excess acting 
as confounding factors.

conclusIon

The findings of the present study illuminate the highly 
significant association as well as correlation between elevated 
SUA profile and HTN marked as a sharp increase in SBP 
with SUA values. Therefore, adequate care must be taken to 
maintain a normal SUA profile to prevent and manage HTN. 
Treatment plans for HTN must include strategies to decrease 
SUA levels to ensure an improved quality of life and prevention 
of associated comorbidities.
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Abstract 

Background: Type 2 diabetes mellitus has become a serious public health problem due to its 

rising prevalence. The number of diabetes patients has been rising due to population and 

urbanization expansion, rising obesity, sedentary lifestyle and patients with DM living longer. 

Complications of diabetes are blindness, amputations, renal disease, anemia, cardiovascular 

disease, brain issues, and lowered quality of life. We in the current study tried to assess the 

prevalence of anemia in people suffering from diabetes mellitus among OPD patients of PHC 

Kinaye. 

Methods: A cross-sectional study was conducted from October 01st, 2021 to November 30th, 

2021 among people visiting the OPD of PHC Kinaye, Belagavi, Karnataka under the 

administrative control of JNMC. The estimated sample size was n=215. A semi-structured 

questionnaire was used to collect data. The existence of diabetes-related complications such as 

retinopathy, neuropathy, nephropathy, and other problem, as well as the history of hypertension 

and current diabetic medicines, were obtained by evaluating the patient's medical records. 

Results: Hemoglobin levels were normal in n=125(58.1%) of cases. The existence of anemia 

was found in n=90(41.86%) cases out of which n=65(72.22%) cases were mild anemia, 

n=25(27.78%) cases were moderate anemia, and there were no cases of severe anemia in our 

study group. The range of hemoglobin levels was 8.1 to 14.9 mean hemoglobin levels in the 

study were 13.9 ± 3.56 gm% 

Conclusions and Recommendations:  Prevalence of anemia was found in approximately 40% 

of the cases in the study. Most people were suffering from DM for 2-3.9 years. Dietary advice 

regarding iron-rich diets and dietary practices inhibiting iron absorption were explained to 

patients. All the participants were educated regarding the various risks associated with type 2 

diabetes mellitus, awareness regarding risk factors, and co-morbidities like hypertension, 

diabetic retinopathy, diabetic neuropathy, and diabetic nephropathy.  

Keywords: Anemia, Diabetes Mellitus Type 2, Prevalence, PHC Kinaye 
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Introduction 

Diabetes mellitus (DM) is a metabolic disorder defined by persistent high blood glucose levels 

as a result of impaired carbohydrate, lipid, and protein metabolism. [1] Epidemiological data 

showed that Over 400 million individuals worldwide suffer from diabetes, which claimed the 

lives of 1.6 million people in 2015 and it is estimated that in the year 2030 we will have about 

440 million diabetics and by the year 2035 one among ten of the world’s population could be 

diabetics.  [2, 3] Its worldwide prevalence is increasing rapidly among developing countries. The 

existence of chronic hyperglycemia in poorly controlled diabetics leads to long-term damage, 

and dysfunction of several organs of the body, including the eyes, kidneys, nerves, blood, and 

blood arteries. [4] Anemia is the commonest blood-related disorder found in diabetic patients. 
[5] The incidence of anemia is particularly very in patients with associated kidney dysfunction 

where the production of erythropoietin is typically affected. [6, 7] Several studies in this field 

have found, that diabetic individual with renal insufficiency are more likely than normal 

diabetics to develop anemia when their kidneys' ability to manufacture erythropoietin declines. 

Diabetic neuropathy also affects the hormone responsible for RBC synthesis, which leads to 

anemia. [8, 9] Diabetes patients have cyanocobalamin, folate, and iron deficits, which can lead 

to anemia in various forms. Metformin may cause vitamin B12 deficient anemia by interfering 

with cyanocobalamin absorption. [10] 

 

Hemoglobin levels of less than 13 g/dl in men and 12 g/dl in women are considered anemia. 
[11] Furthermore, anemia is defined as a reduction in the oxygen-carrying capacity of blood 

produced by a decreased erythrocyte mass or a decrease in the hemoglobin concentration of 

the blood. [12] It occurs when the amount of red blood cells (and hence their oxygen-carrying 

capacity) is insufficient to satisfy the body's physiologic requirements. Age, gender, residence 

elevation above sea level (altitude), smoking habits, and different phases of pregnancy all 

influence physiologic demands. [13] Anemia in the diabetic population, whether type I or type 

II, is now thought to be a powerful and independent predictor of the increased risk of 

macrovascular and microvascular complications of diabetes. [14] Several studies have found in 

diabetic care hospitals that the prevalence of unrecognized anemia is twice or thrice more 

common as compared to the general population. Furthermore, DM patients acquire anemia at 

a younger age and with greater severity than the general population, placing them at higher risk 

of problems, and this added load adds significantly to the patient's concomitant vascular disease 

and unfavorable outcomes. [15, 16] Since there is a paucity of data on the prevalence of anemia 

in rural populations, we in the current study tried to assess the prevalence of anemia in people 

suffering from diabetes mellitus among OPD patients of PHC Kinaye of Belagavi District, 

Karnataka State, India. 

 

Material and Methods 

 

A cross-sectional study was conducted from October 01st, 2021 to November 30th, 2021 among 

people visiting the OPD of PHC Kinaye, Belagavi, Karnataka under the administrative control 

of JNMC.  Institutional Ethical committee permission was obtained for the study. Written 

consent was obtained from all the participants of the study.  

 

Inclusion criteria 

1. All Diabetic patients attending OPD of PHC rural area. 

2. Diabetic patients who have given consent.  

3. Age above 30 years. 

4. Males and females 
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Exclusion criteria  

1. Patients with Type 1 DM  

2. Age less than 18 years 

3. Patients with Gestational Diabetes Mellitus 

4. Patients with known hematologic diseases 

5. Patients attending OPD of PHC Kinaye but who have not given consent. 

Sampling technique used: Universal sampling  

 

Sample size: 

Sample size calculation  

n=4pq/d2 

Where n = sample size, p = prevalence taken as  

p=47.5 

q= 52.5 

d= 6.811 = absolute error 

n= 4*47.5*52.5/46.4 = 215 

So, the estimated sample size is 215 

 

A semi-structured questionnaire was used to collect data. Sociodemographic factors, clinical 

features, anthropometric measures, and laboratory analysis are among the data gathered. The 

existence of diabetes-related complications such as retinopathy, neuropathy, nephropathy, and 

other problem, as well as the history of hypertension and current diabetic medicines, were 

obtained by evaluating the patient's medical records. After 10 minutes of rest in a sitting 

position, blood pressure was taken with an aneroid sphygmomanometer. Hypertension was 

defined as having a systolic blood pressure (SBP) of 130 mmHg or diastolic blood pressure 

(DBP) of 80 mmHg or using antihypertensive medication. 

 

Data were collected by using a semi-structured questionnaire. The collected information 

includes socio-demographic characteristics, clinical characteristics, anthropometric 

measurements, and laboratory analysis. Socio-demographic data and clinical characteristics 

like duration of DM were collected using questionnaire; whereas the presence of diabetes-

related complications like; retinopathy, neuropathy, nephropathy, and other complication; 

history of hypertension, and current diabetic medications were collected from reviewing of 

patient’s medical records. Blood pressure (BP) was measured using an aneroid 

sphygmomanometer after 10 mins of rest in a sitting position. Hypertension was defined as 

Systolic Blood Pressure (SBP) ≥130 mmHg and/or Diastolic Blood Pressure (DBP) ≥80 mmHg 

or current use of antihypertensive medication. 5 ml of blood sample was obtained in a 

vacutainer under aseptic conditions and hematological analysis was done for Hemoglobin 

(Hgb) values in Hematology Analyzer. Anemia was defined by the World Health Organization 

(WHO) as Hb concentrations of less than 13 g/dl in males and less than 12 g/dl in females. [43 

of jbm] Mild anemia (female: 11–11.9 g/dl; male: 11–12.9 g/dl), moderate anemia (8–10.9 

g/dl), and severe anemia (less than 8 g/dl) were the three categories. [17] 

 

Statistical analysis:  

 

The data was collected and uploaded on an MS Excel spreadsheet and analyzed by SPSS 

version 22 (Chicago, IL, USA). Quantitative variables were expressed on mean, standard 

deviations, proportions and percentages. Fisher’s exact test is used to find the difference 

between two proportions.  
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Results 

A total of n=215 cases were studied based on the sample size estimation. Out of n=215 cases, 

n=90(41.8%) were males and n=125(58.2%) were females. Out of these the age group between 

51 – 55 years were with n=45(20.93%) of the cases followed by the age group 46 – 50 with 

n=40(18.6%) of all the cases. The age-wise distribution of the cases has been depicted in table 

1. The mean age of the cases in the study was 48.59 ± 7.5 years the youngest case was 38.5 

years old female and the oldest case was a 69-year-old female.  

 

Table 1: Demographic profile of the patients included in the study 

Age group (yrs) Frequency Percentage 

35-40 15 06.97 

41-45 35 16.27 

46-50 40 18.60 

51-55 45 20.93 

56-60 35 16.27 

61-65 30 13.95 

66-70 15 06.97 

Total 215 100.0 

 

The duration of diabetes mellitus was recorded in the cases of the study as depicted in table 2. 

A critical analysis of table 2 reveals the most common duration of diabetes mellitus in the 

cohort was 2.0 – 3.9 years with n=70(32.5%) of cases followed by a duration of 4.0 – 5.9 years 

with n=45(20.9%) of the cases. The duration of diabetes mellitus of greater than 10 years was 

found in n=15(6.9%) cases. The mean duration of diabetes mellitus in all the groups was 3.75 

± 1.8 years. our study found of n=215 people, n=170(79.07%) were suffering from 

hypertension also along with type 2 diabetes mellitus. Out of which n=108 were females and 

n=62 were males. The mean level of Fasting blood glucose recorded in the current study was 

153.66 ± 23.65 mg/dl.   

 

Table 2: Duration of Diabetes in the cases of study 

Duration of Diabetes No. of cases Percentage 

6 months-1.9 years 20 09.3 

2.0 - 3.9 years  70 32.5 

4.0 - 5.9 years 45 20.9 

6.0 - 7.9 years 35 16.2 

8.0 - 9.9 years 30 13.9 

>10 years 15 06.9 

 

In the current study, hemoglobin level were normal in n=125(58.1%) of cases. The prevalence 

of anemia was found in n=90(41.86%) cases out of which n=65(72.22%) cases were mild 

anemia, n=25(27.78%) cases were moderate anemia, and there were no cases of severe anemia 

our study group. The range of hemoglobin levels was 8.1 to 14.9 mean hemoglobin levels in 

the study were 13.9 ± 3.56 gm% the distribution of cases based on their hemoglobin levels has 

been given in table 3. The mean fasting blood glucose levels in anemia cases (n=90) was 165.25 

± 23.65 mg/dl slightly higher than the mean values of non-anemic cases n=125 cases was 

141.25 ± 20.89 mg/dl.  

Table 3: Hemoglobin levels in the cases of study 
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Haemoglobin Levels (gm %) No. of cases Percentage 

8.0 - 8.9  15 06.9 

9.0 - 9.9  10 04.6 

10.0 - 10.9  25 11.6 

11.0 - 11.9  40 18.6 

12.0 - 12.9  75 34.8 

13.0 - 13.9  35 16.2 

14.0 - 14.9  15 06.9 

Out of the total n=215 cases studied in this study n=50(23.2%) had pallor, n=25(11.6%) 

experience fatigue, n=10(4.6%) experienced dyspnea, n=5(2.3%) experienced dizziness, and 

n=125(58.1%) had none of the features suggestive of anemia. The distribution of the signs and 

symptoms recorded in this study has been depicted in Figure 1. 

 

 
Figure 1: Distribution of common signs and symptoms of anemia recorded in the study 

 

Discussion 

Patients with type 2 diabetes are twice as likely to suffer from anemia as those without the 

disease. Anemia has been recognized as a risk factor for cardiovascular and end-stage renal 

disease in diabetes individuals by Bosman et al., [18] and Keane et al., [19] In a similar study we 

found that diabetics with low Hb levels are more likely to be hospitalized or die prematurely. 

Anemia in diabetics is said to increase the risk of developing eye diseases, heart diseases, or 

stroke. [20] Despite these data, anemia remains undiagnosed in 25% of diabetes patients. [21] It 

has been found that diabetic patients with anemia have increased levels of proinflammatory 

cytokines as compared to those without anemia. In anemia, the IL-6 activity production, as well 

as B cell activity, increases this shows the association of IL-6 with anti-erythropoietic actions. 
[22] Furthermore, there diabetic and anemic cases have higher levels of C-reactive protein and 

ferritin. Lower iron contents in these patients show that ferritin increase is associated with 

chronic inflammatory processes found in diabetics. [23] The prevalence of anemia was found in 

n=90(41.86%) cases. The prevalence is higher than a study conducted by Rani et al, found 

(12.3%). [24] A similar cross-sectional study in Brazil [25] found the prevalence at 34.24% and 

Australia at 23.3%. [26] The two important factors which could have been the reason for the 

higher prevalence found in the current study in the Indian scenario are firstly the overall 

prevalence of iron deficiency anemia is very common in India as compared to the rest of the 

world. Secondly, the rural population in India has a greater deficiency as compared to the urban 
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population due to the lack of access to nutritious foods. Countries such as Pakistan have shown 

a prevalence of 63% [28] and Caribbean studies have shown a prevalence of 46.5%. [29] The 

overall existence of differences in different countries is related to geographical locations, 

ethnicity, age of the study participants, duration of diabetes mellitus, and quality of health care 

system in the country. [3, 5, 28] The Majority of cases out of a total of n=90 detected with anemia 

n=65(72.22%) cases were of mild anemia, and n=25(27.78%) cases were of moderate anemia. 

No case of severe anemia was detected in this study.  These findings were similar to the other 

studies done in this field. [30] The mean age of anemic patients in the current study was 55.36 

± 3.6 years whereas the mean age of non-anemic patients in this study was 43.66 ± 5.21 years. 

This shows that older age diabetics are more susceptible to developing anemia as compared to 

the lower aged patients. These results are in concordance with observations done in other 

countries, which showed that old age is associated with a higher prevalence of anemia and the 

mean age of anemia patients is higher than non-anemic patients. [31] This also shows that related 

deficiencies of vitamins such as folate, and B12 and a greater number of comorbidities are 

common in elderly patients. [31] The strength of the study is that this is one of the studies of its 

kind done in this PHC where there is no data available on the prevalence of anemia in diabetes 

mellitus. The limitations of the current study were the absence of age and sex-matched controls 

and glycemic status was assessed by Fasting blood glucose, not by HbA1c. Another important 

area of limitation is the cut-off value for the diagnosis of anemia is not validated as per the 

Indian population.  

 

Conclusions:  

Prevalence of anemia was found in approximately 40% of the cases in the study. The common 

duration of DM for 2.0-3.9 years. Most people were suffering from hypertension along with 

type 2 diabetes mellitus. The mean FBS levels in anemia cases were higher than those without 

anemia. Accordingly, patients who were found to be anemic were treated with iron 

supplements. Ferrous sulfate tablets and vitamin B12 with folic acid were given to men and 

women who were diagnosed to be anemic.  

 

Recommendations:  

Dietary advice regarding iron-rich diets and dietary practices inhibiting iron absorption were 

explained to patients. All the participants were educated regarding the various risks associated 

with type 2 diabetes mellitus, awareness regarding risk factors, and co-morbidities like 

hypertension, diabetic retinopathy, diabetic neuropathy, and diabetic nephropathy. Participants 

were also motivated to have regular exercise, control their sugar intake, regular sugar 

monitoring, and be advised foot care for diabetic neuropathy. Participants were educated 

regarding prevention, treatment, and control of DM through role-plays and house-to-house talk. 
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Abstract: 

Context/Background: COVID-19 is an emerging and rapidly evolving situation. Though several 

vaccines have been developed and brought into general use, vaccine hesitancy still exists among the 

public. Assessing the awareness toward COVID vaccine among medical students is important since 

their perception and practice will have a significant impact on their family members, friends and 

relatives.  

Aims/Objectives: This study aimed to assess the knowledge, attitude and practices toward COVID 

vaccine among medical students. 

Methodology: A cross-sectional study was carried out among the undergraduate medical students of a 

medical college in Belagavi between May - June 2021. A total of 802 students participated in the 

study. A framed questionnaire assessing their knowledge, attitude and practice toward COVID vaccine 

was distributed to each participant. 

Results: Most of the study participants were female (51%), and most of them were in the first year of 

their course at the time of the study (23.6%). Majority of them received COVID-19 related 

information from healthcare workers (72.7%). 92.8% and 92.6% of the participants responded that the 

vaccines control COVID-19 and it was by developing antibodies, respectively. 70.5% said that the 

vaccines should not be given to immunocompromised individuals. 82.2% of the participants have 

taken 2 doses of COVID-19 vaccination. Almost all participants (98.8%) felt that even after 

vaccination other measures like social distancing, wearing mask and avoiding social gathering are 

to be followed. 

Conclusions: The findings in the present study show good knowledge, positive attitude and practice 

towards COVID-19. It is necessary to keep on with further education and training strategies to get a 

better understanding and positive attitude toward the pandemic for all medical students. 

Key-words: COVID-19, vaccine, medical students, knowledge, attitude, practice 

 

Introduction: 

COVID-19 has caused a huge impact worldwide: as of May, 2022 there have been 521,920,560 

confirmed cases of COVID-19, including 6,274,323 deaths, worldwide, as received by WHO from 

national authorities. India is among the most severely affected countries, with a total of 5,24,323 

deaths recorded.
1 

India started COVID-19 vaccination on 16 January 2021 for the country’s healthcare 

and frontline workers; later, in a phased manner, the vaccination extended to senior citizens and those 

above 45 years with co-morbidities; from 1 May 2021 onwards, all adults (aged >18 years) were 

eligible for the vaccine.
2 
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Vaccination is a major leap in the field of public health; with vaccines, eradication and control of 

many infectious diseases, like smallpox, polio and rubella, have become possible.
3 

As of December 

2020, there were over 200 vaccine candidates for COVID-19 being developed; of which, at least 52 

candidate vaccines were in human trials; several others were currently in phase I/II.
4
 As of 20 May 

2022, 10 COVID vaccines have been approved for use in India, and 14 vaccines were in clinical 

trials.
5
 Globally, 11.76 billion doses have been administered and 65.7% of the world population has 

received at least one dose of a COVID-19 vaccine.
6
 However, in low-income countries, only 15.9% 

have received at least one dose. In India, there has been 139.8 vaccinations per 100 people.
1  

 

A survey conducted globally of potential COVID-19 vaccine acceptance showed that 48% of their 

study population were confused about the COVID-19 vaccinations and they remained unsure about 

whether they would get the vaccine.
7 

Likewise, a Chinese study has reported that only 54% of the 

participants were intended to have the COVID-19 vaccine. Usually, it takes years for the development 

and approval of a safe and effective vaccine. Considering the pandemic situation and the urgent need 

for a cure or prevention, the currently administered vaccines have been developed with a short period 

of testing and this might be the reason for such low numbers of people ready to accept the vaccines.
9-11 

The safety of the vaccine has been brought into question leading to vaccine hesitancy, which is a 

potential barrier to effective implementation of vaccination programs.
9 

 

Therefore, this study was carried out among the medical undergraduate students to assess their 

knowledge, attitude and practice toward COVID-19 vaccine. Assessing the awareness toward COVID 

vaccine among medical students is important since their perception and practice will have a significant 

impact on their family members, friends and relatives. 

 

Methodology:  

 

Study design, target population and questionnaire 

A cross-sectional study was carried out among the undergraduate medical students of a medical 

college in Belagavi between May-June 2021. A total of 802 out of 1000 students participated in the 

study, with 200 students in each year. A framed questionnaire was developed. It contained four 

sections, assessing the: Demographic details (5 questions), Knowledge (9 questions), Attitude (11 

questions) and Practices (8 questions), with a total of 33 questions. 

Data collection 

Data collection was done over a period of 2 months from May to June 2021. Google Forms containing 

the questionnaire was distributed to each participant. 

Statistical analysis 

The collected data was entered into MS Excel and analysed using IBM SPSS Statistics software 25.0 

for Windows and tabulated and presented in the form of frequency and percentages.  

 

Results: 

A cross-sectional study carried out among a total of 802 undergraduate medical students from a 

medical college in Belagavi between May-June 2021 gave the following results: 

Of the 802 study participants, 51% were female and 49% male, and most were from urban residence 

(89.2%). The participants were included from first year of MBBS to post-MBBS internship; most 



European Journal of Molecular & Clinical Medicine 

   

                                                                                                               ISSN 2515-8260      Volume 09, Issue 07, 2022 
 

224 

 

participants were from the first year MBBS at the time of the study (23.6%). 22.7% participants were 

infected with COVID-19 at least once (Table 1). 

 

The information regarding the vaccines was from multiple sources; healthcare workers and 

TV/newspaper were the main sources of information. 92.8% of the participants thought that vaccines 

control COVID-19, and 92.6% said that it was through the development of antibodies. 85.8% were 

aware of at least one of the post-vaccination symptoms (fever, rash, body pains, etc.) 70.5% answered 

that the vaccines should not be given to immunocompromised persons (Table 2). 

 

Myths and rumours were the main causes behind people not taking vaccines (83.7%). 97.8% said that 

they believe that pharmaceutical companies make a lot of money from COVID-19 vaccines. While 

74.2% believe that vaccines have not been thoroughly tested, 91.5% believe that the vaccines are 

generally safe. 74.7% believe that vaccines are the most-effective measure in preventing COVID-19. 

While 66.3% said that they worry about the serious long-term effects of the vaccines, 92.8% said that 

vaccines should be compulsory (Table 3). 

 

82.2% participants have taken 2 doses of the vaccines. For treatment of post-covid symptoms 58.2% 

said self-medication. Almost all of them followed other measures (like masks, social distancing) even 

after vaccination (98.8%). The participants said that they will create awareness by giving related 

information through social media (62.8%). While 63.8% said that they have not contributed toward 

COVID-19 relief, 78.2% said that if given a chance, they would participate in a study trial of COVID-

19 vaccines (Table 4). 

 

Discussion: 

The COVID-19 pandemic has resulted in medical students being constantly updating themselves 

regarding various guidelines that get released almost every day. In this context, this study was 

conducted to highlight the level of knowledge, attitude, practice towards COVID-19, to suggest 

recommendations and to improve areas where lacking. 

Majority of the participants received COVID-19 related information from healthcare workers (72.7%), 

which is closely followed by TV/ Newspaper (72.5%). Other studies have shown similar observation- 

around 80% of received information through TV and social media.
12

 Since this study was done among 

medical students who are in contact with healthcare workers regularly, this might be the reason for this 

difference compared with general population who receive their information from mass media. 

 

82.2% of the participants have taken 2 doses of COVID-19 vaccination. This is much higher than 

previous studies which reported positive attitude toward COVID-19 vaccines: India community-based 

survey (50%)
13

, Ethiopia among healthcare workers (50%)
14

, Wolaita Sodo, Ethiopia (24.2%)
15

, and 

France (25%)
16

, United states (68%)
17

, Pakistan (66.8%)
18

, and Jordan (61%)
19

. The wide ranges may 

be explained by the differences in study population and study time. The present study was among 

medical students while Wolayita Sodo and France were the general population of the country, study in 

Jordan had 3100 as sample size and more than half (53.8%) of the study participants were health 

professionals. This is in line with other study that concluded health professionals had good knowledge 

and better attitude towards COVID-19 vaccination compared to other populations.
20 
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Almost all of the participants (98.8%) followed other measures like social distancing, wearing mask 

and avoiding social gathering even after vaccination. This finding is in line with other studies.
21,22 

Most participants (83.7%) thought that rumors and myths related to the COVID-19 vaccines were 

the main reason behind people not taking the vaccines. Another study reports the same: 

misinformation evolved alongside facts about the disease, and this affected perceptions worldwide.
23

   

 

A limitation of this study is that it has been carried out among the undergraduates of only one medical 

college. A larger study including students of various medical colleges would produce results that are 

more generalizable. Also, of the 1000 students only 802 responded, as some students transferred-out, 

or completed their course elsewhere, and did not revert back. 

 

Conclusion: The findings in the present study show good knowledge, positive attitude and practice 

towards COVID-19. Medical students are a vital link in the chain of healthcare workers in the fight 

against the pandemic. Therefore, it is a necessary to keep on with further education and training 

strategies to get a better understanding and positive attitude toward the pandemic for all medical 

students. 
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TABLES 

Table 1: Demographic details of the participants (n=802) 

S.No Variables Frequency Percentage 

1 Age (in years)  

18 157 19.57 

19 179 22.32 



European Journal of Molecular & Clinical Medicine 

   

                                                                                                               ISSN 2515-8260      Volume 09, Issue 07, 2022 
 

227 

 

20 153 19.08 

21 143 17.83 

>22 170 21.2 

2 Gender  

Male 393 49.003 

Female 409 50.997 

3 Education  

First year 190 23.69 

Second year 183 22.81 

Third year 142 18.95 

Final year 148 18.82 

Internship 129 16.08 

4 Place of residence  

Urban 716 89.28 

Rural 86 10.72 

5 Have you been infected with COVID-19?  

Yes  182 22.7 

No 620 77.3 

 

Table 2: Knowledge (n=802) 

S.No Variable Frequency Percentage 

1 Source of information(multiple choices)  

TV/ News 581 72.5 

Social media 548 68.3 

Friends and relatives 449 56 

Health care workers 583 72.7 

Others 2 0.2 

2 Awareness of vaccines available (multiple choices)   

Sputnik  519 64.7 

Pfizer 241 30.1 

Covishield 796 99.2 

Covaxin 767 95.6 

Not sure 3 0.4 

All 2 0.2 

3 Can vaccine control COVID-19?   

Yes 744 92.8 

No 58 7.2 

4 How vaccines prevent COVID-19?   

Developing antibodies 742 92.6 

Injecting/ spreading infection 19 2.4 

By preventing entry into body 10 1.2 
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By killing the virus 10 1.2 

None of the above 21 3.2 

5 Awareness about the post-vaccination symptoms   

Yes 688 85.8 

No 114 14.2 

6 To whom vaccine should not be given? (multiple choices)   

Person with hypertension/ diabetes 114 14.3 

Immunocompromised persons 565 70.5 

Recent history of surgery 319 39.8 

Pregnant women 319 39.8 

Lactating mothers 204 25.5 

Others 2 0.2 

7 Can people already infected with COVID-19 take the 

vaccine? 

  

Yes 515 64.2 

No 287 35.8 

8 Is COVID-19 vaccine available at free of cost?   

Yes 756 94.2 

No 43 5.4 

Not sure 3 0.4 

9 COVID-19 vaccine is available through which sources?   

Only private 3 0.4 

Only government 571 71.2 

Both private and government 228 28.4 

 

Table 3: Attitude (n=802) 

S.No. Variables Frequency Percentage 

1 Reasons behind people not taking the vaccine? (multiple 

choices) 

 

Fear of side effects 572 71.3 

Unsure of efficiency of vaccine 559 69.7 

Myths and rumors 671 83.7 

Medical issues/ problems 198 24.7 

Lack of access/ information 309 38.6 

2 Do you agree there are other ways which are more 

effective in preventing COVID-19 than vaccination? 

 

Strongly agree 2 0.2 

Agree 4 0.5 

Uncertain 51 6.3 

Disagree 150 18.3 

Strongly disagree 595 74.7 

3 I believe that authorities promote COVID-19 vaccine for 

political and financial gain, not for people’s health 

 

Yes 71 8.8 
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No 731 91.2 

4 I believe that COVID-19 is not a real disease  

Yes 15 1.9 

No  787 98.1 

5 I believe that pharmaceutical companies make a lot of 

money from COVID-19 vaccines? 

 

Yes 784 97.8 

No 18 2.2 

6 I believe that COVID-19 is a new disease and vaccines have 

not been thoroughly tested 

 

Yes 595 74.2 

No 207 25.8 

7 I believe COVID-19 vaccines are safe  

Yes 734 91.5 

No 68 8.5 

8 I worry about serious unknown long-term effects of the 

COVID-19 vaccine in the future 

 

Yes 532 66.3 

No 270 33.7 

9 I believe natural immunity lasts longer than vaccination  

Yes 145 18.1 

No  657 81.9 

10 I believe natural exposure to germs and viruses gives safest 

protection 

 

Yes 660 82.2 

No 142 17.8 

11 Do you agree that vaccines should be compulsory?  

Yes 744 92.8 

No 58 7.2 

 

Table 4: Practice (n=802) 

S. 

No. 

Variables Frequency Percentage 

1 Have you taken the vaccine?  

2 doses 659 82.2 

1 dose 121 15.1 

None 22 2.7 

2 How to deal with post-vaccination symptoms?  

Self-medication 466 58.2 

Approach health care workers 303 37.8 

Approach friends and relatives 17 2.2 

Helpline number 16 2.2 
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3 Do you follow other measures (like masks, 

social distancing) even after vaccination? 

  

Yes 792 98.8 

No 10 1.2 

4 Would you pay to get the COVID-19 vaccine?  

Yes 649 80.9 

No 153 19.1 

5 If given a chance, would you agree to 

participate in a study trial of vaccination 

against COVID-19? 

  

Yes 627 78.2 

No 175 21.8 

6a Have you taken measures to spread 

awareness about the vaccine? 

  

Yes 578 72.1 

No 224 27.9 

6b If yes, what measures have you taken? 

(n=578) 

  

Phone call 39 6.8 

Social media 363 62.8 

Video calls 13 2.2 

In person 163 28.2 

7 Have you donated/ contributed towards 

COVID-19 relief? 

  

Yes 290 36.2 

No 512 63.8 
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INTRODUCTION 

Obesity is the disorder of abnormal or excessive body fat 

accumulation that presents a health risk. The prevalence 

of obesity is presently being observed in both developed 

and developing nations. The global epidemic of obesity 

reflects massive social, economic, and cultural problems. 

Obesity has become far more common among children, 

adolescents, and adults throughout the world in recent 

decades.1 Overall, the frequency of obese teenagers in the 

world has increased dramatically from 4% in 1975 to a 

little over 18% in 2016.2 Approximately 35 million 

overweight children are living in developing countries 

and 8 million in developed countries. Studies have shown 

obesity and overweight are risk factors for a variety of 

chronic illnesses, including type 2 diabetes, 

cardiovascular disease, respiratory disease, 

musculoskeletal problems and cancer.3 According to 

research, prevalence of overweight among teenagers 

ranges between 10% and 30%.4-7 Because of variances in 

lifestyle, particularly in food choices and physical 

exercise, prevalence varies across country. In addition, 

the primary causes of the rise in incidence of childhood 

obesity include urbanization and industrialization. Rong 

et al found the link between teenage obesity and non-

alcoholic fatty liver disease (NAFLD) and discovered that 

the incidence of NAFLD rose as body weight increased.8 

Lisan et al examined patients with obesity and severe 

obstructive sleep apnoea (OSA) who were administered 

positive airway pressure (PAP) treatment to those who 
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were not and found that those who were prescribed PAP 

had a higher BMI than those who were not.9 All countries 

have framed a set of global targets for halting the increase 

in overweight/obesity, its main target is to that no 

increase in overweight among children under age 5, 

school-age children, or adolescents by 2025. According to 

various research, the incidence of pediatric obesity in 

India currently ranges from 4% to 22%.10,11 Some 

researchers have pointed to features along with obesity 

(such as anxiety, sadness, social disengagement, and so 

on).12,13 Less outdoor physical activity, greater television 

and screen time usage, children residing in urban areas, 

and high family wealth are all factors that contribute to a 

rise in the prevalence of overweight and obesity among 

children in India. This study aimed to determine the 

prevalence of adolescent obesity in cases visiting rural 

areas of PHC Vantamuri under the administrative control 

of JNMC in Belagavi district of Karnataka. 

METHODS 

A cross-sectional study was conducted from 1st October 

2021 to 30th November 2021 among people coming to 

OPD at primary health center Vantamuri (Rural) under 

the administrative control of Jawaharlal Nehru medical 

college in Belagavi district of Karnataka. Ethical 

clearance was obtained from ethical committee J. N. 

medical college Belagavi. Participants were interviewed 

with a pre-validated questionnaire, and the data collected 

using GSHS (Global school-based student health survey). 

Informed consent was obtained from the parents-Personal 

identification, socio-demographic characteristics, diet 

preference, type of family and number of family 

members, mode of birth and presence of any gestational 

co-morbidity in mother, education of mother, frequency 

of physical activity and mode of transport to school. 

Inclusion criteria 

All school-going adolescents (12-18 years) visiting OPD 

of PHC, Vantamuri, males and females, voluntarily 

willing to participate in study were included in the study. 

Exclusion criteria 

Adolescents with any endocrine abnormalities, low birth 

weight, macrosomia at birth and congenital diseases 

patient s were excluded from the study. 

Sample size 

N=
4𝑝𝑞

𝑑2
 

Where n=sample size, p=prevalence taken as p=15, q=85, 

d=absolute error n=4×15×85/25=204. 

The estimated sample size is n=204 we included n=215 

cases in study. Following completion of questionnaire, 

height and weight parameters measured and recorded. 

Weight (kg) was measured using a weighing scale with a 

0.1 kg error margin without shoes or heavy clothes; 

weighing scale was calibrated regularly using established 

reference weights. Participants were told to stand in an 

erect stance with their feet not wide apart and their eyes 

facing straight, using a portable anthropometric rod with 

an inaccuracy of less than 0.1 cm. Overweight, obese, and 

underweight were identified by using WHO charts of 

BMI for ages 5-19 years for boys and girls. Children were 

graded as overweight with a percentile score of ≥ 85-97 

and obese if the percentile score is ≥ 97. 

Statistical analysis 

Data collected and uploaded on MS excel spreadsheet and 

analyzed by SPSS version 22 (Chicago, IL, USA). 

Quantitative variables expressed on mean and standard 

deviations and qualitative variables were expressed in 

proportions and percentages. Fisher’s exact test has been 

used to find the difference between two proportions. 

RESULTS 

Out of the total n=215 cases included in the study n=98 

(45.5%) were males and n=117 (54.4%) were females. 

The most common age group was thirteen and fourteen 

years with n=40 (18.6%) cases each followed by sixteen 

years with n=39 (18.1%) cases. The detailed age-wise 

distribution of the cases in study is depicted in Table 1. 

Table 1: Age-wise distribution of cases in the study. 

Age (years) Frequency Percentage (%) 

Twelve 21 9.76 

Thirteen 40 18.6 

Fourteen 40 18.6 

Fifteen 27 12.5 

Sixteen 29 13.4 

Seventeen 39 18.1 

Eighteen 19 8.83 

Total 215 100 

Based on the religion of cases in study n=199 (77.0%) 

were Hindu, n=10 (4.6%) were Jains, n=38 (17.6%) were 

Muslims, and n=1 (0.4%) cases were Sikh. 

 

Figure 1: Diet preferences of the cases in study. 
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The details of family type revealed that n=93 (43.2%) 

was a 3-gen family, n=102 (47.4%) were a joint family, 

and n=20 (9.3%) was a nuclear family. The average 

number of family members revealed most of the cases 

n=55 (255%) is with n=6 family members followed by 

n=35 (16.2%) were with n=7 family members. N=3 

family members were found in n=33 (15.3%) of cases the 

details have been depicted in Table 2. 

Table 2: The total number of family members in the 

study group. 

Total numbers of 

members 
Frequency Percentage (%) 

3 33 15.3 

4 32 14.8 

5 29 13.4 

6 55 25.5 

7 35 16.2 

8 31 14.4 

Total 215 100 

Most of the cases in the study were born with vaginal 

delivery n=180 (83.7%) cases and C-sections in n=35 

(16.2%) cases. The incidence of maternal hypertension 

was in n=12 (5.5%) cases similarly the incidence of 

diabetes was found in n=9 (4.1%) of cases and the 

incidence of thyroid disease was in n=5 (2.3%) of cases 

given in Figure 2. 

 

Figure 2: Incidence of the various maternal diseases. 

In most of the cases in the study n=151 (70.2%) were 

performing physical activity only sometimes and n=26 

(12.0%) did not perform any physical activity. Only 

17.6% of cases performed some form of physical activity 

frequently given in table 3. Although the mode of 

transport of n=178 (82.7%) was walking to school/college 

however most of these were situated at a distance of less 

than a kilometer from their residence. N=31 (14.4%) used 

bicycles for transport and n=6 (2.7%) subjects were being 

taken to school by automobile by parents. 

Table 3: Frequency of physical activity in the cases. 

Frequency of 

physical  

activity 

Count of 

physical  

activity 

Percentage 

(%) 

Frequently 38 17.6 

Never 26 12 

Sometimes 151 70.2 

Total 215 100 

Based on the WHO grading children were graded as 

overweight with a percentile score of ≥85-97 and obese if 

the percentile score is ≥97. In this study, we found that 

34.8% of cases were in the overweight category and 

26.9% in the obese category. The overall prevalence of 

overweight and obesity combinedly was 61.86%. 33.4% 

of cases were normal weight and only 4.6% were 

categorized as underweight given in Table 4. 

Table 4: WHO BMI classification. 

BMI 

classification 

(kg/m2) 

WHO 

percentile 

score 

Frequency 
Percentage 

(%) 

Under-

weight 
<15 10 4.6 

Normal 

weight 
≥15-≤ 85 72 33.4 

Over- 

weight 
≥85-≤97 75 34.8 

Obesity ≥97 58 26.9 

Total  215 100 

 

Figure 3: The frequency of fast-food consumption in 

the cases of study. 

The incidence of fast-food consumption was every day 

and frequently found in 29% and 33% respectively and 

the mean BMI category of such cases was found to be in 

the overweight and obese group. Similarly, cases with 

less fast-food consumption occasionally were found with 

normal BMI categories depicted in Figure 3. Most of the 

cases in the study belong to socioeconomic class IV and 

class V depicted in Figure 4. 
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Figure 4: Socioeconomic class of the cases included in 

the study. 

DISCUSSION 

The results of the present study conducted on adolescents 

aged 12 years to 18 years in OPD of PHC Vantamuri 

under the administrative control of JNMC in Belagavi 

district of Karnataka found the prevalence of overweight 

was in 34.8% of cases and 26.9% cases obesity. Prasad et 

al found the prevalence of overweight in 9.7% cases and 

obesity at 4.3% cases in Pondicherry.14 AT Cherian et al 

in Kerala found the prevalence was 3% for boys, and 

5.3% for girls.15 Prevalence of obesity (7.5%), and 

overweight (21.9%) were highest among the high-income 

group and lowest (1.5% and 2.5%) among the low-

income group. Kotian et al in South Karnataka, found the 

prevalence of overweight and obesity to be 9.9% and 

4.8% respectively. One of the reasons for the higher trend 

found in the current study could be because the present 

study was conducted in the year 2021 and recent data has 

shown there is an increasing trend for overweight and 

obesity in the adolescents and school children due to 

higher intake of fast foods. In this study, we found that 

33% of cases take one or more types of fast foods 

frequently and 29% have confirmed to take fast food 

every day. Overweight and obesity were found to be 

significantly higher in these categories of cases. In this 

study, we found Obesity and overweight were found to be 

more common in adolescents from nuclear families than 

in those from joint families in our study, although the 

differences were not statistically significant. Jain et al in 

Meerut, Gamit et al in Surat, and Keerthan et al observed 

similar findings.16-18 In our research, we discovered that 

students' socioeconomic position had a significant 

relationship with their overweight and obese status. 

Obesity prevalence rises with social class and the 

relationship was determined to be significant. Similar 

findings were also discovered by Ganie et al.19 The 

present study shows that the prevalence of overweight 

was more among 15-18 years students at 15% and obesity 

were more among 12-14 years students respectively. Age 

was significantly associated with overweight and obesity. 

Overweight and obesity were more common among boys 

as compared to girls under the age of 13 years, but the 

trend changed afterward as found by Kunwar et al.20 

According to studies, watching television or using 

computers is one of the leading causes of childhood 

obesity.21,22 Regular physical exercise was found to be a 

key factor in lowering the prevalence of overweight and 

obesity, which was supported by other similar 

investigations.21,23 

One of the major limitations of the study is it cannot be 

generalizing as it is carried out in health facility and not 

in the community or school. Children should be 

encouraged to participate more frequently in physical 

activities. Pressing need to implicate different health 

policies to contest the increasing problem of disparity 

between calorie intake and calorie requirement leading to 

obesity as these obese adolescents and making them 

prone to cardiovascular diseases and endocrine disorders. 

CONCLUSION 

Obesity and overweight are becoming a big health 

concern among our school children. In this study, it was 

shown that the prevalence of overweight/obesity in school 

students has increased to high levels. Obesity and 

overweight are preventable by establishing school-based 

awareness programs and educating parents about healthy 

lifestyle management, so indirectly avoiding chronic 

illness in adulthood.  
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A B S T R A C T

Background: In India, several social, cultural, religious and economic factors influence menstrual hygiene
and practices among women. In country like India menstruation is generally considered as unclean and
there is a lack of knowledge about menstruation and its practices among women. Practices like isolation
and imposing restrictions among menstruating girls in the family, have reinforced a negative attitude.
Materials and Methods: A community based cross sectional study was conducted among the reproductive
age women residing under urban and rural health centres of Belagavi city, Karnataka.
Results: A total of 280 women have participated in our study. Majority of the women are in the age group
of 20-24 years (32.6%). More than half of the women were house wife (69.6%). While more than half of
the families of the women belong to lower socio-economic level i.e class III, IV &V (76.1%). 90.7% opined
that menstruation is a physiological process, 83.6% were unaware about the cause of menstruation, while
information regarding prior to menarche, 68.5% said they didn’t had any information, while those who got
information, most of them are from their mother (42.9%). On usage of sanitary pads, 63.2% were aware
about it. 30.3% said they used same cloth every month. Disposal of absorbent material, 53.5% disposed in
garbage, while 16.7% reused them.
Conclusion: The study revealed that menstrual hygiene among large population of women was far from
satisfactory. Lack of sufficient information about menstrual hygiene can be largely attributed to various
cultural and religious beliefs and taboos.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Menstruation is generally considered as unclean in the
Indian society. Isolation of the menstruating girls and
restrictions being imposed on them in the family, have
reinforced a negative attitude towards this phenomenon. 1

The first menstruation (menarche) occurs between 11 and
15 years with a mean of 13 years. Menstruation is still
regarded as something unclean or dirty in Indian society.
The reaction to menstruation depends upon awareness and
knowledge about the subject. The manner in which a

* Corresponding author.
E-mail address: rajesh2kulkarni@gmail.com (R. R. Kulkarni).

girl learns about menstruation and its associated changes
may have an impact on her response to the event of
menarche. Although menstruation is a natural process; it
is linked with several misconceptions and practices, which
sometimes result into adverse health outcomes. Hygiene
related practices of women during menstruation are of
considerable importance, especially in terms of increased
vulnerability to reproductive tract infections (RTI). 2 Many
studies have revealed that most of the adolescent girls had
incomplete and inaccurate information about the menstrual
physiology and hygiene. It also revealed that mothers,
television, friends, teachers and relatives were the main
sources which provided information on menstruation to the
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adolescent girls. Good hygienic practices such as the use
of sanitary pads and adequate washing of the genital area
are essential during menstruation. Women and girls of the
reproductive age need access to clean and soft, absorbent
sanitary products which can in the long run, protect their
health.3

There are several taboos, myths and misconceptions
regarding menstruation all over the world, mainly in
developing countries. Among different religions, a
menstruating woman is considered as ’impure’ or
’polluted’. Moreover, several restrictions are imposed
on the women during these days. Menstruation and its
management are expected to concern women and men
alike as it a key determinant of human reproduction and
parenthood. Understanding about their level of knowledge
and the practices which are followed by them with respect
to menstruation are beneficial for planning a public health
program for improving the awareness level with respect
to their life processes and promoting their quality of
life. Hence the present study was undertaken to assess
the knowledge and the practices of menstrual hygiene
among the reproductive age-group women and to assess the
association of the knowledge and the practices of menstrual
hygiene among the reproductive age-group women residing
in the rural and urban areas of Belagavi.

2. Material and Methods

A Community based cross sectional study was conducted
among the reproductive age-group women residing under
urban and rural health centres of Belagavi city, Karnataka.
The study was undertaken for a period of 6 months from
February 2018 to July 2018. However, women from other
rural and urban areas also attended the health centres,
were included in this study. Taking 5% absolute error, the
sample size was calculated as 265. On rounding off we
selected a sample size of 280 women from the above-
mentioned health centres for the study. A pre-designed, pre-
tested and structured questionnaire was used in the study.
A personal interview of the study subjects was done to
collect data. After obtaining verbal consent, a rapport was
established and the purpose of the study was explained to
those women who came to the OPD of respective rural
and urban health centres. The nature of the information
which had to be furnished by the study subjects were also
explained. The questionnaire included topics which were
related to awareness, the sources of information, hygienic
practices and the restricted activities practiced during
menstruation. The socio-demographic profile including the
subjects’ details, literacy, occupation and socioeconomic
status were enquired and documented. The menstrual
hygiene questionnaire included queries about types of
absorbent used, its storage place, the use of clean or unclean
napkins and the frequencies of changing and cleaning them.
The information about personal hygiene included washing

and bathing during menses, the practice of wearing stained
clothes etc.

3. Result

A total of 280 women have participated in our study.
The socio-demographic characteristics are summarized in
Table 1. Of the 280 women participated, 32.6% were in
the age group of 20-24 years. Majority of the women
belong to Hindu population (70%), while 26.8% of the study
population were illiterate, around 69.6% of the women were
house wife. While more than half of the families of the
women belong to lower socio-economic level i.e class III,
IV &V (76.1%).

Table 1: Sociodemographic profile of study subjects

Indicator Frequency Percentage
Age Group in years
15-19 15 1.8
20-24 132 32.6
25-29 69 25.6
30-34 22 10.9
35-39 17 10.5
>=40 25 18.5
Religion
Hindu 196 70
Muslim 84 30
Literacy
Illiterate 75 26.8
Primary 42 15
Middle School 43 15.4
Secondary 63 22.5
Higher Secondary 57 20.3
Occupation
Housewife 195 69.6
Agriculture Worker 44 15.8
Student 12 4.2
Others 29 10.4
Socio-Economic Status
Class I 22 7.8
Class II 45 16.1
Class III 124 44.2
Class IV 74 26.5
Class V 15 5.4
Total 280 100

On the questions asked regarding knowledge about
menstruation, 90.7% opined that menstruation is a
physiological process, 83.6% were unaware about the
cause of menstruation, while information regarding prior
to menarche, 68.5% said they didn’t had any information,
while those who got information, most of them are from
their mother (42.9%). Usage of sanitary pads, 63.2% were
aware about it. The results on the questions asked about the
knowledge about menstruation are shown in Table 2.

Attitude and practice during menstruation, 50.7% told
restriction is present, half of the women said ritual
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Table 2: Knowledge regarding menstruation

Questions Frequency Percentage
Whether Menstruation is a physiological process or
pathological?
Physiological 254 90.7
Pathological 25 8.9
Don’t Know 1 0.4
Causes of Menstruation?
Marital Age 19 6.8
Puberty 21 7.5
Disease 5 1.8
Don’t Know 234 83.6
Hormone 1 0.4
Source of menstrual flow?
Vagina 12 4.3
Uterus 10 3.8
Don’t Know 243 86.9
Information regarding menstruation prior to menarche?
No Information 192 68.5
Informed prior 88 31.5
Informant?
Mother 120 42.9
Sister 41 14.6
Friend 15 5.3
Teacher 11 4.0
No Information 93 33.2
Awareness about
sanitary pads?
Awareness 177 63.2
No Awareness 103 36.8
Total 280 100

purification performed after menstruation, while 46.7% and
40.3% used cloth and sanitary pads respectively during
menstruations. 30.3% said they used same cloth every
month. Frequency of cleaning external genitalia, 49.2%
washed once in a day, while 54.5% used soap and water
to clean the genitalia. 77.8% told they bathed once in a day
during menstruation. Disposal of absorbent material, 53.5%
disposed in garbage, while 16.7% reused them (Table 3).

4. Discussion

A total of 280 women have participated in our study.
Majority of the women are in the age group of 20-24
years (32.6%), while 26.8% of the study population were
illiterate, more than half of the women were house wife
(69.6%). 90.7% opined that menstruation is a physiological
process, which is almost similar to the study done by
Shamima Yasmin et al, in which 72.8% girls believed it
to be a physiological process,2 on the contrary Khanna
et al study conducted in Rajasthan showed that 70%
believed that menstruation was not a natural process.4

Furthermore, in our study 83.6% didn’t knew about the
cause of menstruation, while information regarding prior
to menarche, 68.5% said they didn’t had any information,

Table 3: Attitude and practice of women during menstruation

S.
No.

Variable No. %

1 Restriction during
menstruation?

Restriction
Present

142 50.7

No
Restriction

138 49.2

2
Ritual purification
after menstruation?

Performed 140 50.0
Not

Performed
140 50.0

3 Absorbent material
used?

Only Cloth 131 46.7
Only

Sanitary
Pads

113 40.3

Both 36 12.8

4 Use of same cloth
every month?

Yes 85 30.3
No 195 69.6

5 Use of antiseptic
cloth?

Yes 38 13.5
No 242 86.4

6
Frequency of
changing absorbent
material on the day
of maximum
flow?

<2 59 21.0
2-3 194 69.2
4-5 27 9.6

7
Frequency of
cleaning external
genitalia?

Never 14 5.0
Once 138 49.2
Twice 99 35.3
Thrice 29 10.3

Soap and
water

145 54.5

Water and
Anti-septic

16 6.0

9
Frequency of
bathing during
menstruation?

Never 6 2.1
Once 218 77.8
Twice 56 20.0

10

Usual method of
disposal of the
absorbent material?

Buried 15 5.3
Thrown

indiscriminately
12 4.2

Thrown in
garbage

150 53.5

Thrown
behind
latrine

13 4.6

Burnt 44 15.7
Reused 46 16.4
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those who got information, most of them are from their
mother (42.9%) whereas a study conducted by El-Gilany et
al. in Mansoura, Egypt mass media were the main source of
information about menstrual hygiene followed by mothers,5

while Deo et al study reported that 40 (42.5%) urban and
41 (55.4%) rural girls were aware about menstruation prior
to attainment of menarche.6 Patel RA et al, study showed
that, main source of information was mother which was
32.09% and 36.95% in urban and rural areas respectively.
In urban area, teacher was also a source of information
in 31.02% of girls as compared to 17.51% in rural area.7

Nair P et al also found 45.7% of the girls who had attained
menarche and 29% of the pre-pubertal subjects said that
they had prior knowledge about menstruation and the main
source of information was mother.8 Dhingra et al found that
64% of girls were partially aware of menstruation,1 On the
contrary Gupta J et al found that 68% of adolescent girls
were not aware about menses.9 On Usage of sanitary pads
in our study, 63.2% were aware about it but only 40.3%
used it. 50.7% told that some form of restriction is present,
half of the women said ritual purification performed after
menstruation, while 46.7% used cloth during menstruations,
among them 30.3% said they used same cloth every month.
A study by Dasgupta et al in a rural community showed
that majority of the girls preferred cloth pieces rather than
sanitary pads as menstrual absorbent. Only 11.25% girls
used sanitary pads during menstruation.10 Khanna et al
study in Rajasthan, more than half of the girls used old cloth
during their periods and only about 20% using readymade
sanitary pads.4 On Frequency of cleaning external genitalia,
49.2% washed once in a day, while 54.5% used soap and
water to clean the genitalia. 77.8% told they bathed once in
a day during menstruation. Disposal of absorbent material,
53.5% disposed in garbage, while 16.7% reused them.

5. Conclusion

Educating girls at the beginning of menarche about the
routine practice of taking a bath with warm water in the
early days of menstrual period, would not only lead to the
development of positive mental and social behaviours, but
could also be effective in reducing hygiene problems in the
community throughout their reproductive age period. In our
study and as well as most of the studies identified mother as
the main source of information, health professional should
involve mothers in general discussions about issues related
to menstruation and how to deal with them. Other sources
can also be involved in discussion. As hygienic practices
during menstruation are unsatisfactory, these girls should be
educated about importance of hygiene during menstruation
through focused group discussion and with demonstrations.
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Abstract

Background: Auto – rickshaws are most commonly used mode of transportation in cities where metros or application-
based cab aggregators (ABCA) are either non-existent / not available. Auto rickshaw drivers (ArD’s) are under constant 
physical and mental pressure due to various factors most importantly illiteracy, poverty, lack of awareness about hazards 
of addictions which lead to various habits majority being tobacco use. Studies have found that overall prevalence of 
tobacco use among ArD’s is very high compared to general population. 

Objectives: To know level of awareness about tobacco use among ArD’s in Belagavi, North Karnataka. 

Methods: It was a cross sectional study conducted among 600 regular ArD’s of Belagavi City Corporation between 
January to December 2016. Estimated sample size was 600. Two ArD’s who were last in queue were selected from 300 
major auto rickshaw stands. Questionnaire was adopted from Global Adult Tobacco Survey (GATS) questionnaire. Data 
was collected by personal interview after getting informed consent. Data compilation and analysis was done using SPSS 
software. Study was approved by Institutional Ethics Committee of J. N. Medical College, KAHEr, Belagavi.

Results: Most (88.66%) of the participants knew that tobacco in any form caused serious illness. Cancers (72.66%) were 
the most commonly known illnesses. Most of the participants supported law prohibiting smoking in indoor work places 
(99%) and favored increase of taxes on tobacco products (94.5%).

Conclusion: Although the awareness regarding hazards of tobacco has increased in recent days, actual practice remains 
a challenge.
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Introduction
The three-wheeled motorized vehicles, popularly 
known as auto rickshaws, are a backbone to urban 
mobility. Auto – rickshaws are still the most commonly 
used mode of transportation in Tier II & III cities 
where metros or application-based cab aggregators 
(ABCA) are either non-existent or not available. Auto 
rickshaw drivers work for over 10-12 hours per day 
and form an important part of the urban informal 

sector in India. They are generally self-employed and 
lack employment benefits such as health insurance 
and social security. Income insecurity is a significant 
concern for the drivers – they earn on a daily basis 
leading to no fixed income. Health expenses are a big 
challenge for most of them. They suffer from serious 
respiratory health threats due to constant exposures 
to vehicular pollution. They are also prone to road 
accidents given poor road infrastructure and badly 
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maintained vehicles. On the road for most of their day, 
they suffer due to the poor quality and availability of 
hygienic water and sanitation facilities in the country, 
leading to further health issues. 

Auto rickshaw drivers are under constant physical 
and mental pressure due to irregular shifts, continuous 
variation in fuel prices, long waiting hours, illiteracy, 
poverty, lack of knowledge about hazards of tobacco 
and other socioeconomic factors which lead to various 
habits majority being tobacco use. [1-4]

Tobacco use imposes a huge burden of disease in 
India and is a major global public health problem. The 
tobacco epidemic is one of the biggest public health 
threats the world has ever faced, killing more than 8 
million people a year. More than 7 million of those 
deaths are the results of direct tobacco use while 
around 1.2 million are the result of non-smokers 
being exposed to second-hand smoke. [5]

In the Indian context, tobacco use implies a varied 
range of chewing and smoking forms of tobacco 
available at different price points, reflecting the 
varying socio-economic and demographic patterns of 
consumption. [6]

 Cigarette smoking in any form harms nearly 
every organ of the body, causes many diseases, and 
reduces the health in general. [7-8]  It causes diminished 
overall health, increased absenteeism from work, 
and increased health care utilization and cost. [7] 
There are many diseases that are caused, increased or 
exacerbated by use of tobacco. [9]  

Author intends to find the level of awareness about 
tobacco use among auto rickshaw drivers in Belagavi, 
a northern district of Karnataka.

Materials and Methods

Study design

This was a descriptive, cross-sectional study 
conducted on registered auto rickshaw drivers plying 
in Belagavi city, in the period of January to December 
2016. Sample size was calculated to be 597 & rounded 
off to 600 based on the estimated prevalence of 84% [10] 
and absolute error of 3%. The inclusion criteria were 
as follows:

a. registered, regular auto - rickshaw drivers 
aged above 18 years.

b. Permanent residents of Belagavi city from the 
past one year.

Auto rickshaw drivers driving on part time basis 
were excluded.

Sampling procedure
As per the information form the regional transport 
office, the city had around 300 major auto rickshaw 
stands and among each stand two auto rickshaw 
drivers who were last in the queue were selected 
purposively for the study. This was to have ample 
amount of time for the participant to be interviewed 
for the study, which could not have been done if 
someone else from the queue were selected as they 
had to discontinue the study if their auto rickshaw 
was hired meanwhile.

Study tools
Questionnaire was adopted from the Global Adult 
Tobacco Survey (GATS) questionnaire [11] and 
customized as per the requirements of the study. 

Methodology
Investigator made visits to all the 300 major auto 
rickshaw stands within the limits of Belagavi City 
Corporation and participants were identified 
according to the sampling procedure. These 
participants were explained about the purpose of the 
study and after the written informed consent, they 
were interviewed in the auto rickshaw stands or any 
convenient place nearby using pre-designed and pre-
tested questionnaire adopted from GATS. [11]. 

The participants were given free chance to 
discontinue from the study at any given point of time 
for any privacy, confidential or work related issues. 
Care was taken to make sure that the participants did 
not have any hindrance in their work.

Data analysis
The data was analyzed through descriptive statistics 
and Chi-square test using the SPSS software. A value 
of P < 0.05 was considered statistically significant.

Results
All the participants were male with age ranging 
between 18 to 70 years and an average age of 39.71 
± 11.07 years. Mean years in the present occupation 
was 15.80 years ± 10.11 years and participants worked 
over a mean length of 9.43 ± 1.82 hours per day.
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Majority of them (89.83%) were married, 371 
(61.83%) stayed in nuclear families and 346 (57.67%) 
resided in pucca house.

Among the participants, 373 (62.17%) were using 
tobacco in one or the other form. Cigarettes (87.05%) 
were the most commonly smoked form while gutkha 
(54.93%) was the commonest smokeless form. 
Majority of the users had initiated their habit before 
20 years of age (46.38%). Mean age at initiation was 
23.22 ± 8 years for smoke form and 23.36 ± 7.99 years 
for smokeless form. Mean duration of use was 15.31 
± 10.29 years. More than half of the participants 
(54.96%) used tobacco within an hour of waking up. 
Almost three fourths of those using tobacco never did 
it in front of their children (74.8%).

[Table 1] Most of the users (54.69%) were advised 
to quit by a health care professional in the last one 
year. Among the users, 227 (60.86%) had attempted to 
quit usage in the last one year and more than half of 
them (54.63%) could sustain it for few months before 
resuming usage. Self-motivation (90.75%) was the 
strongest driving force to quit. Majority of the users 
planned to quit within next one month (28.69%).

[Table 2] Most of the participants (88.66%) knew 
that tobacco in any form caused serious illnesses. 
Cancers (72.66%) were the most commonly known 
illnesses caused by tobacco.

[Table 3] Most of the participants supported the 
law prohibiting smoking in indoor work places (99%) 
and favored increase of taxes on tobacco products 
(94.5%).

Table 1. Details of tobacco quit by participants
Characteristics  n (%)
Advised to quit by Health care 
professional in last one year

Yes 204 (54.69)
No 169 (45.31)

Attempts to quit tobacco in last 1 
year

Yes 227 (60.86)
No 146 (39.14)

Duration of previous quit attempt

Months 124 (54.63)
Weeks 17 (7.49)
Days 68 (29.95)
Less than 1 day 15 (6.61)
Don’t know 3 (1.32)

Methods adopted to quit tobacco**

Counselling 13 (5.73)
Nicotine replacement therapy 5 (2.2)
Switching to other forms 6 (2.64)
Own will / self-motivation 206 (90.75)
Badesoap 8 (3.52)
religious reasons 2 (0.88)
Chewing gum 8 (3.52)

Description of thinking about 
quitting tobacco

Quit within next month 107 (28.69)
Thinking within next 12 months 82 (21.98)
Quit someday, but not next 12 months 88 (23.59)
Not interested in quitting 39 (10.46)
Don’t know 57 (15.28)

**Multiple users had adopted more than one methods to quit

Table 2. Knowledge & Practices of ARD’s related to tobacco
Characteristics n Percentage

Does use of tobacco 
in any form casues 
serious illness

 Tobacco users (%) Non users (%) Total (%)

Yes 324 (86.86) 208 (91.63) 532 (88.66)

No 34 (09.12) 06 (02.64) 40 (06.67)

Don’t know 15 (04.02) 13 (05.73) 28 (04.67)
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Characteristics n Percentage

Illnesses known to 
be caused by use of 
tobacco*

Cancers 436 72.66

Heart disease 56 9.33

Impotence 15 2.5

Premature aging 6 1

respiratory disease 160 26.66

Gastritis/ acidity 39 6.5

Weakness 37 6.16

Blindness 3 0.5

Headache 10 1.66

Hypertension 4 0.67

Diabetes mellitus 4 0.67

Tuberculosis 2 0.33

renal diseases 8 1.33

Others 87 14.5

Don’t know 97 16.16

Usual place of tobacco 
use**

Home 141 37.8

Tea stall 170 45.57

Auto stand 288 77.21

While driving 63 16.89

Others 37 9.91

Motivation for tobacco 
use#

Parents 12 3.21

Other family members 19 5.09

Friends 265 71.04

Fellow auto rickshaw drivers 148 39.67

Film stars 28 7.5

Self / curiosity 28 7.5

Others 12 3.21

* Multiple participants reported more than one illness
** Multiple tobacco users used tobacco products at more than one place
# Multiple users were motivated by more than one group for use of tobacco
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Table 3. Attitude of ARD’s regarding tobacco and its regulations

Characteristics
Tobacco users (%)

n Percentage

Non users (%) Total (%)

Opinion on law prohibiting smoking in 
indoor work places and public places

Support 373 (100) 221 (97.36) 594 (99.0)

Not sure 0 06 (02.64) 06 (01.00)

Opinion about increasing taxes on 
tobacco products

Favour 349 (93.57) 218 (96.04) 567 (94.50)

Oppose 24 (06.43) 03 (1.32) 27 (04.50)

Not sure 0 06 (2.64) 06 (01.00)

Opinion on law prohibiting 
advertisements of tobacco products

Favour 334 (89.54) 191 (84.14) 525 (87.50)

Oppose 39 (10.46) 18 (07.93) 57 (09.50)

Not sure 0 18 (07.93) 18 (03.00)

Are you aware about harmful effects of 
second hand smoke

Yes 310 (83.11) 216 (95.16) 526 (87.67)

No 63 (16.89) 05 (02.20) 68 (11.33)

Not sure 0 06 (2.64) 06 (01.00)

Warning labels led to thinking about 
quitting

Yes 339 90.89

No 34 9.11
In the last one month have you asked 
your children or anyone less than 18 
years to buy tobacco products?

Yes 38 10.19

No 335 89.81

Discussion
Auto rickshaw drivers spend a considerable 
amount of time in an environment full of pollutant 
gases, noise, continuous stress, accelerations and 
decelerations, lateral swaying from side to side 
and whole-body up and down vibrations when the 
vehicle is in motion. Further poor lifestyle practices 
like irregularity of meals, no proper rest rooms, awful 
quality of sanitary toilets, bad posture while driving 
and stressful occupational conditions during their 
working hours augment their health problems. Such 
working parameters may be associated with various 
health problems. [2, 4, 12-13]

The present study was done to find the level of 
awareness about use of tobacco among auto rickshaw 
drivers. Among the 600 study participants, all 
were male which was consistent with other studies 
conducted among similar sub groups. [10, 14] Most of the 
participants in this study had high school education 
(54.50%). The educational level of participants was 
higher when compared with other similar studies. [10] 
This increase in education level may be attributed to 
better literacy level among south India as compared 
to the north.

Mean years in present occupation was 15.80 ± 10.11 
years whereas it was 17.70 ± 7.62 years in the study 
done in Nagpur. [14] Mean length of working hours per 
day was 9.43 ± 1.82 hours while it was 11.52 ± 2.29 
hours in the study done in Nagpur. [14]

Prevalence of tobacco use in the present study in 
any form was found to be 62.17%. The study among 
auto rickshaw drivers in Gwalior showed prevalence 
to be 84.26% [10], 64.44% among auto rickshaw drivers 
in Bareily, Uttar Pradesh [15] and 69% among auto 
rickshaw drivers in South Delhi. [16] The difference in 
prevalence with Gwalior study can be attributed to the 
fact that the educational levels of the participants in 
the present study was high compared to the Gwalior 
study and both the studies have shown negative 
association between educational level and tobacco 
use. All of these studies reveal a comparatively high 
prevalence among auto rickshaw drivers with respect 
to the prevalence in Indian adults aged 15 years and 
above which was just 28.6% according to GATS 16 
-17. [17] It was also noted that the prevalence in present 
study was very high compared to the adults among 
general population in Belgaum city where prevalence 
of ever use was 29.41%. [18]
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This comparatively higher prevalence among 
auto rickshaw drivers can be attributed to various 
occupational factors coupled with low levels of 
education, poverty, lack of knowledge about hazards, 
other socioeconomic factors and many unknown 
factors.

Smokeless form was the predominant form of 
tobacco use. Similar findings have been observed in 
multiple studies done among similar subgroups and 
consistent with the GATS survey done among adult 
Indian male. [10, 17, 19-20] This is also particularly true in 
auto rickshaw drivers as their hands are preoccupied 
in driving and hence smoking while driving would be 
cumbersome whereas chewing can be continued even 
while driving.

Majority (54.69%) of the users were advised to 
quit tobacco by any health care provider in last one 
year. There is still a lot of potential to counsel each 
& every user every time they encounter a health care 
professional, which will have a deeper impact in 
reducing the use.

Around 61% of the study participants had tried 
to quit the use in last one year. In the study done 
in Nepal, 75.8% of long route bus drivers had tried 
quitting [21] whereas in the Gwalior study, only 28.47% 
tried to quit. [10] This difference in quit attempts can be 
attributed to the difference in various socioeconomic 
factors, educational level, knowledge regarding 
hazards and the personality traits of the users as all 
of these play an important role to quit. Majority of 
those who attempted a quit could hardly sustain it 
for few months before resuming the use. This can be 
attributed to various religious events (like ramadan, 
Diwali), strong peer pressure, addiction and physical 
dependence along with ignorance. Self-motivation 
was found to be the most common approach (90.75%) 
by the participants to even attempt quitting. This can 
be augmented by providing education and raising 
the level of knowledge, providing emotional and 
mental support to those willing to quit. A study 
conducted in Canada concluded that many smokers 
may be unaware of effective cessation methods and 
most underestimate their benefit. Further, this lack 
of knowledge may represent a significant barrier to 
treatment adoption. [22]

In the present study, around 89% of the participants 
knew that use of tobacco caused one or the other 
serious illness. Similar findings were seen in Gwalior 
study (89%). [10] Knowledge has increased in recent 

days owing to mass negative advertisements, scary 
images and videos of serious health hazards which 
are continuously displayed in cinema halls, social 
media, television advertisements and etc.

In this study, around 72% of the participants knew 
that tobacco in any form caused one or the other 
cancers and this was around 87% in study done in 
Belgaum. [18] In general, knowledge regarding cancers 
has increased owing to mass media advertisements

In the present study, almost all the participants 
(99.0%) supported the law which prohibits smoking 
in indoor work places and public places. Whereas 
only 68% of the participants in the Gwalior study 
were aware about existence of such law. [10] Despite 
high level of knowledge about the law, actual 
implementation is a bigger question. 

Limitations and recommendations

Apart from recall bias, those auto rickshaw drivers 
plying exclusively during night might have been 
missed from the study. Based on the study, we 
recommend that work place tobacco cessation model 
should be established for this group and tobacco 
cessation activities should be targeted at younger 
auto rickshaw drivers to address the early initiators 
to prevent future addictions & health hazards. There 
is a dire need for strict implementation of the tobacco 
control legislations.
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ABSTRACT: 

Telemedicine is the practise of using information 

and digital technology to diagnose and treat 

patients in remote locations. In India, it is difficult 

to provide in-person healthcare because of the vast 

geographic distances and few resources. The 

government is dedicated to ensuring that everyone 

has access to high-quality healthcare, and digital 

health is a key enabler for the system's entire 

transformation. Therefore, integrating telecare into 

health systems will reduce access hurdles and 

inequity. In cases where there is a risk of 

communicable illnesses and disasters, telemedicine 

offers patient and healthcare worker safety. 

Telehealth can help patients, particularly those who 

live in remote areas, save money and time because 

they don't have to travel far for health care. For 

licenced medical practitioners, the absence of 

defined criteria has led to substantial uncertainty 

and raised concerns about the use of telecare. The 

effectiveness and results of the nation's healthcare 

system will increase with the integration of home 

healthcare. The results of this study highlight the 

significance of developing creative approaches to 

forge cooperative relationships with those in need 

of telemedicine-based healthcare. 

Key words: Confidentiality;Ethics;Health; 

Information Technology;        Telemedicine 

 

I. INTRODUCTION: 
The World Health Organization describes 

telemedicine as “The delivery of health-care 

services, where distance is a critical factor, by all 

health-care professionals using information and 

communications technologies for the exchange of 

valid information for diagnosis, treatment and 

prevention of disease and injuries, research and 

evaluation, and the continuing education of health-

care workers, with the aim of advancing the health 

of individuals and communities.”
1  

Health 

education, counselling, and medications are 

effective forms of treatment in Smart 

health.Licensed physicians using telecare must 

adhere to the same professional conduct, 

etiquette,ethical norms and standards as those 

regulating traditional in-person care, within the 

confines of the technology's inherent limitations. 

The "Telemedicine practice guidelines" were 

released by the Board of Governors on March 25, 

2020, allowing licenced medical professionals to 

deliver care via telemedicine.
2
 The Indian 

government's first-ever online OPD (outpatient) 

consultation facility is called eSanjeevani which 

was created by the Ministry of Health and Family 

Welfare. Military service members, veterans, and 

their families can access telecare services through 

the Services e-Health Assistance and Tele-

consultation (SeHAT) site. The Center for 

Development of Advanced Computing, Mohali 

(CDAC) and The Headquarters of the Integrated 

Defence Staff (HQ IDS) have created Services e-

Health Assistance andTele-consultation (SeHAT) 

OPD, which is similar to eSanjeevani.
3 

To enable 

high-intensity coverage and fill the gap for 

overnight ICU care, intensive care unit 

telemedicine (Tele-ICU) may be used within a 

hybrid paradigm of care. Further, it is not possible 

to assess patient physically by the doctor through 

m-Health which may affect the proper and 

complete examination of the patient. Maintaining 

confidentiality of thepatient information is another 

issue through telemedicine.
4,5

 ThisStudy 

emphasizes the value of developing creative 

approaches to build cooperative relationships with 

those in need of e-Health. 

 

II. MATERIALS & METHODS: 
The goals and objectives were to ascertain 

and get a comprehensive grasp of telemedicine and 

how it might be applied to the delivery of 

healthcare services such public health, patient care, 

education, management, and research. After 

receiving approval of research from the 

institutional ethics committee, the current study 

was started. The department of forensic medicine 

and toxicology at Jawaharlal Nehru Medical 

College in Belagavi is where the current study was 

carried out. This Retrospective study focused on 

cases that were registered and had full 

consultations in four basic health unit areas 

attached to Jawaharlal Nehru Medical College in 

Belagavi, namely Ashok Nagar, Kinaye, Rukmini 

Nagar, and Vantmuri. Between September 2021 

and August 2022, this research was done. The 
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Excel spreadsheet and the noted observations were 

used to analyse all the data gathered. 

 

 

III. RESULTS: 
4174 consultations were conducted in 

Belagavi throughout the period of the preceding 

year, among the four Basic Health Unit Areas 

attached to Jawaharlal Nehru Medical College as 

shown in Table 1. The gender split was about 

54.8% female, 45.1% male and 0.1% transgender 

as shown in Figure 2. Up till August 2022, around 

6.3 million consultations were conducted across all 

of India.
6
 It is noteworthy that during the COVID-

19 outbreak, smart health was used to consult on an 

average of 100–150 patients per month using real-

time video, audio, and text-based communications. 

It is therefore obvious that home healthcare was 

successfully employed throughout the pandemic on 

an unrestricted basis. Patient consultations with 

licenced medical professionals are facilitated by a 

health worker and Ayushman Bharat Health 

Account Number, name, age, residence, contact 

information, or any other registered ID that may be 

deemed relevant should be used to authenticate and 

validate the patient's identification before arranging 

for them to see a registered medical practitioner in 

telecare. 

 

IV. DISCUSSION: 
In terms of digital health, “A broad 

umbrella termencompassing eHealth, as well as 

emerging areas, such as the use ofadvanced 

computing sciences in „big data‟, genomics and 

artificial intelligence”
7
. Telehealth may be 

extremely helpful in ensuring that all impacted 

people receive prompt treatment and care during a 

disaster crisis or pandemic like the COVID-19. If it 

is an emergency, the patient must get crucial life-

saving first aid instructions before receiving the 

proper referral via teleconsultations. In order to 

effectively serve the requirements of those in need 

with telecare services, information technology-

related instruments and services must be developed 

at the grassroots level. In order for physicians to 

give patients with better treatment, artificial 

intelligence may offer them sophisticated 

information and communication environments.
8
 

Registered medical professionals have the option of 

purchasing Medical Indemnity Insurance to protect 

themselves against financial losses resulting from 

accusations of negligence via smart health while 

they are being defended in court. The Insurance 

Regulatory and Development Authority of India 

(IRDAI) has requested in a letter that general and 

health insurers permit claim settlement for 

teleconsultations with regard to the patient's 

payment of medical claims.
8
 The elderly and 

people with disabilities can obtain high-quality 

healthcare through e-Health. By bridging the digital 

health gap between rural and urban areas, digital 

health lowers patients' out-of-pocket costs for 

healthcare services. Since physical follow-ups 

often occur less frequently than telecare services, it 

is even more crucial in the case of follow-up. A 

Registered Medical Practitioner (RMP) may use 

telemedicine services to consult with another RMP 

or a specialist for a patient under their care. RMP 

may, in accordance with his or her professional 

judgement, start such discussions. Continues to be 

the treating RMP and is in charge of the patient's 

care and other suggestions. The classifications of 

recommended medications include Group O, A and 

B. Widely used "over-the-counter" drugs including 

paracetamol, packets of oral rehydration solution 

(ORS), antacids, etc. were included in List Group 

O. List Group A consists of regularly prescribed 

drugs that can only be diagnosed by video 

consultation, such as antifungal drugs for Tinea 

Cruris, Ciprofloxacin eye drops for conjunctivitis, 

etc., and refill drugs for long-term conditions like 

diabetes, hypertension, asthma, etc., List Group A 

drugs are those that can be prescribed during the 

video consultation portion of the initial 

appointment and are re-prescribed for refills in the 

event of a follow-up. The "add-on" drugs in List 

Group B are used to improve an existing ailment. 

An ACE inhibitor like Enalapril, may be prescribed 

if the patient is already taking Atenolol for their 

hypertension and their blood pressure is not under 

control. Teleconsultations for drugs on the 

Prohibited List include those on Schedule X of the 

Drug and Cosmetic Act and Rules as well as any 

narcotic or psychoactive substance specified on the 

Narcotic Drugs and Psychotropic Substances Act, 

1985 list. Examples include anti-cancer 

medications and narcotics like morphine and 

codeine. These medications carry a significant risk 

of abuse and, if misused, might be harmful to the 

patient or society as a whole.
10

 

 

V. CONCLUSIONS: 
Access to healthcare that is both rapid and 

affordable is made possible via telemedicine. In a 

COVID-19 pandemic, teleconsultations can stop 

the pathogen from spreading. Any telecare 

consultation must have the patient's Consent. 

Explicit or implied Consent is both acceptable. The 

storage and sharing of electronic health records 

should be governed by home healthcare to 

safeguard the data's security, authenticity, and 

anonymity. Even though the majority of other 
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nations have comprehensive telemedicine laws, 

India did not have any legislation concerning 

Telehealth practise until very recently. Additionally, 

both doctors and their patients are at danger 

because of legal gaps and uncertainty of guidelines 

in order to protect the privacy, confidentiality, and 

security of the data. Therefore, there is a 

tremendous need to fix this problem with our 

Indian Health System. 

The results of the present investigation lend 

credence to the following assertions: 

1. It was found that there is no appreciable 

difference in patient care between "in person 

care" and telemedicine in non-emergency 

situations. 

2. Additionally, it minimises the psychological 

and social stress related to visiting a hospital. 

3. However, there are still certain difficulties with 

privacy, confidentiality, and security of 

electronic health data that the government has 

to address before teleconsultations can become 

the gorgeous and excellent face of the Indian 

healthcare system of the future. 

4. There is a paucity of knowledge regarding 

telemedicine services in remote and 

indigenous areas. If the government set up 

appropriate Information, Education & 

Communication (IEC) strategy campaign, the 

standard of healthcare provided via digital 

health would considerably improve. 

5. If telemedicine is utilised to treat minor 

medical ailments, it relieves the strain on 

medical personnel, makes it simpler to treat 

critically ill patients. 

6. Lowers the risk that patients may contract 

hospital acquired illnesses. 
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Tables: 

Table1: Frequency distribution of consultations in various Basic Health Unit Areas through Telemedicine 

(n=4174) 

Basic 

health unit 

Areas 

Consultations 

completed  

Prescriptions 

Awaited 

Average 

Consultations 

/Day 

Unique 

Patients 

Gender 

Distribution % 

(Male/Female)  

Ashok 

Nagar 

617 15 1.50 553 45.9/ 54.1 

Kinaye 972 5 1.38 764 37.3/ 62.7 

Rukmini 

nagar 

1139 29 1.62 1041 49.5/ 50.5 

Vantmuri 1446 0 2.06 1342 47.8/ 52.2 

 

Figure legends: 

Figure 1:Telemedicine implementation methods 
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Figure 2: Gender distribution of study cases (n=4174) 

 
 

Figure 3: Frequency distribution of consultations in various Basic Health Unit Areas through 

Telemedicine (n=4174)
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Abstract 

Background: Human poisoning by pesticides has long been seen as a severe public health problem. Next to 

the organo-phosphorous compound, paraquat is the most common insecticide compound used for suicidal 

consumption in a rural part of Karnataka. The easy availability of this poison makes it a commonly employed 

agent for suicide. It causes rapid irreversible damage to the lungs and leads to renal failure and liver failure 

causing death. The lack of a specific antidote makes it difficult to save the victim. Here we are going to see 

a case series on deadly paraquat poisoning which is diagnosed immediately using PDC. 

Keywords: Pesticides, paraquat, suicide, multiorgan failure, antidote.  

Introduction 

                                                   Paraquat is a broad-spectrum highly toxic odorless brown color liquid 

herbicide. At present, it is the second highest selling herbicide globally, available in 20% solution, and 

needs dilution before use1. Paraquat exerts its herbicidal activity by inhibiting the reduction of NADP to 

NADPH during photosynthesis. This disruption leads to the formation of superoxide anion, singlet 

oxygen, and hydroxyl and peroxyl radicals. These reactive oxygen species (ROS) interact with the 

unsaturated lipids of membranes, destroying plant organelles, and inevitably leading to cell death.2 

      A dose of 10 to 20 ml of 20% solution is sufficient to cause death. Mortality varies between 50% and 

90% in various case series.3 It rapidly deactivated on contact with soil. When the toxic dose is ingested, 

it produces various local manifestations and life-threatening systemic manifestations involving the 

gastrointestinal tract, cardiovascular system, respiratory system, and renal system4
. Its cost-effectiveness 

and ready availability are major factors for its continual use. Unfortunately, this also makes it a highly 

used agent in suicides and homicides.5 

      Paraquat poisoning can be classified into three categories6. Mild poisoning (20 mg/kg) in which the 

patients generally have minor gastrointestinal symptoms. Severe poisoning (20-40 mg/kg) in which the 

patients develop acute kidney injury, acute lung injury, and progressive pulmonary fibrosis. Fulminant 

poisoning (40 mg/ kg) in which the patients develop multiple organ failure. Since there is a lack of a 

specific antidote and high mortality rates, we have taken up this study to identify the specific clinical 

features, and course and to diagnose the poisoning using PDC as soon as possible to start the specific 

treatment. 
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Methods 

We present a case series of 6 patients, consecutively admitted in medical and Paediatric wards with 

paraquat poisoning in a tertiary care hospital over a period of 6 months from February 2021 to August 

2021. Diagnosis will be obtained from the patient as well as bystanders, clinical signs and symptoms, 

local examination, investigations like laboratory parameters, and main importantly PDC. Treatment 

histories from other hospitals were obtained from reference letters. After death, we are going to involve 

the findings of Post-mortem examination, Histopathology and RFSL report. 

 Case series analysis 

The age of patients ranged from 19 to 43 years old, among them 4 males and 2 females. Among 6 

cases, case 3 alone was referred from other hospitals. Among 6 cases, cases 2 &5 have given the exact 

amount of ingestion. Among 6 cases, case 3 alone was consumed accidentally but all others consumed 

with suicidal intentions. Specific treatments like Ryle’s tube aspiration, Steroids, Antioxidants, and 

hemodialysis were given in our institution. Despite treatment, all developed renal, hepatic, and 

pulmonary dysfunction. 

       Soon after ingestion all developed vomiting and burning sensation in the mouth. Case 1 and case 2 

were taken to the hospital after 1 hour of ingestion and they were given adequate treatment their survival 

period was 1 & 3 days respectively. Cases 4 & 6 used alcohol and water respectively along with paraquat 

poison. Among 6 cases, case 6 alone got delayed treatment after 3 days. All 6 cases expired despite giving 

the required treatment. The survival period ranged from 24 hours to 17 days.  
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Discussion 

Paraquat poisoning is a relatively understudied and under-researched condition as evident in the 

search of the literature. Fatality increased despite treatment in Tertiary care hospitals. The lung is the 

most common organ involved in paraquat intoxication. Paraquat toxicity depends on the blood level. The 

concentrations of Paraquat available in the market vary from 10-40%. However, the lethal dose is 

calculated as being 35mg/kg which translates to as low as 10-15 ml of a 20% solution of paraquat 

available commercially7. 

Depending upon the amount, the development of symptoms may be delayed for days to weeks. Initial 

absorption occurs from the stomach and intestine in the first six hours- the primary organ accumulated 

being lungs at this stage prolonging up to 18 hours. Hence measures to prevent absorption from the gut 

and removal from blood by extracorporeal elimination remain the methods for reducing toxicity, unlikely 

to benefit those with high amounts of ingestion due to early extensive tissue damage. The strongest 

adsorbent capacity is for fuller earth, hence preferred, but others are also useful if this is not available. 

>1.6 pg/ml 12 hrs after ingestion is universally fatal.8 

In our series, 4 patients received initial care within four hours (among which two received it within 

one hour) but developed multiorgan dysfunction. Adsorbents like activated charcoal, bentonite, and 

fuller's earth might have a role in preventing further absorption from the stomach and intestine gave 

within six hours of ingestion. Unlike hemodialysis, extracorporeal elimination with hemoperfusion 

effectively removes poison from blood if given within the first six hours of poison ingestion especially 

in the initial hours as evidenced by lesser blood levels in survivors9,10. Single hemoperfusion can cause a 

99% reduction of the poison level in blood11. 

However, in our series, 2 patients who received hemoperfusion within four hours also had a poor 

outcome, probably due to a larger amount of ingested poison. Our result was correlated with Indira et al 

study in 2015. Hsu et al analyzed 207 patients with severe paraquat poisoning treated with charcoal 

hemoperfusion and observed that those who received HP within 4 hours post-ingestion had significantly 

reduced mortality. 

The severity of poisoning is graded as mild, moderate to severe, and fulminant retrospectively, 

usually reflecting the amount of poison ingested. In fulminant cases, death occurs in the first week, and 

aggressive therapies become futile. Here we had 5 patients with the fulminant course and 1 with mild to 

moderate poisoning.  Paraquat is available as a 20% solution and an amount less than 5ml causes mild, 5 

to 15ml (half to 1.5 teaspoons) is sufficient to produce moderate to severe while more than 15ml is 

expected to produce fulminant poisoning. 

Studies have shown that plasma paraquat levels can be used for assessing prognosis. Alternatively, 

calorimetric urine paraquat estimation also helps in prognostication. Urine color change to dark or navy 

blue has a poor prognosis while light blue has got good prognosis. Occupational exposure to paraquat 

runs a milder course as paraquat is used in diluent form for agriculture purposes.12 Hence the production 

of paraquat in highly concentrated form may be discouraged.  
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 Conclusion 

According to the literature Poisoning with paraquat is uncommon but highly fatal. Unknown poisoning 

with renal and lung injury should arouse the suspicion of paraquat. Even after the administration of 

aggressive treatment, mortality remains high as evidenced in our cases thus making paraquat a dreadful 

and lethal poison for humans. Patients presenting early to the emergency department within 6-8 hours of 

paraquat poisoning have high rates of survival but here even though they came soon because of an 

unknown quantity they are not able to survive. Less the dose, the better the survival rates. Key 

management is immunosuppression and antioxidants. Early diagnosis and aggressive management of 

paraquat poisoning reduce mortality. Paraquat self-poisoning carries extremely bad outcomes despite 

early medical care- ingestion of even small quantities of concentrated paraquat (20%) can have a severe 

to fulminant clinical course. The cause of death in acute toxicity remains hepatorenal dysfunction and 

ARDS. In our case series, PDC helped us in confirming the diagnosis and we started treatment at the 

earliest. However, delayed presentation, an unknown quantity of ingestion, and no specific antidote are 

the drawbacks for which the patients were not able to be revived and paraquat compound is considered 

one of the most fatal poisons. 
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Engaging a self‑directed learning session: Myths 
and facts
Self‑directed learning (SDL) is where the learner takes 
responsibility for one’s own learning. Hence, it involves 
the active participation of the learner to assess his 
learning needs. Once the learning need in a given topic 
or a subtopic is assessed, he should create learning 
goals, identify resources for learning, apply appropriate 
learning strategies, and evaluate learning outcomes.[1]

In competency‑based medical education, Medical 
Council of India (now supported by National Medical 
Commission) has allotted 60–100 h for SDL in every 
professional year. The sessions are distributed among 
all the courses in the curriculum.[2] As we look into the 
principles of SDL as is defined, there are some changes in 
the administration of the curriculum required to create an 
environment for students to practice SDL. The changes 
required are in terms of the teaching–learning process, 
students’ roles, and teachers’ roles. The appropriate 
placing of the SDL sessions in the timetable designed by 
each institute is also of prime importance.

At the outset, one should be clear about the few myths 
and facts related to SDL;

Myth: SDL sessions are the sessions where students are 
left on their own to learn a topic!

Fact: SDL sessions are well‑designed sessions where 
students are taken through the journey to learn a topic 
under the guidance of a facilitator, at their own pace 
and style. At the end of the session, the student should 
realize that one has reached the goal set at the beginning 
of the session.

The main purpose of an SDL session is to instill the 
quality of “Lifelong learning” in the students. The 
sessions are to be designed keeping in mind this mantra 
of SDL. It is now obvious that a lifelong learning attitude 
cannot be developed by merely reading a note, reading a 
chapter, or attending a lecture. Learning by the student 
can happen when students identify their deficit in 
knowledge. This can happen when they are challenged 
by an encounter where they find themselves lacking in 
their knowledge or skill!

It is experienced by the faculty that students attend 
an SDL session without any preparation or they are 
content about what they already know or are negligent 

about what they should be learning in the given course 
material. It is but natural for students to be in that default 
mode as they are adults who learn as per the need of a 
given situation. Hence, it is the duty of the faculty to 
make students realize the deficits by taking them through 
the journey of SDL so that they become lifelong learners.

Design a Self‑directed Learning Session[3]

SDL sessions are to be placed in the timetable in the later 
part of a professional year. These sessions are to be of 
2–3 h. SDL sessions should have specific objective/s. The 
objective/s of the session should be with verbs taking 
learning at the “knows how” or “shows how” level in 
Miller’s pyramid. Hence, these are the sessions where 
students are allowed to interpret, analyze, demonstrate, 
assimilate, coordinate, and comprehend the learned 
knowledge or skill. Thus, to take the learning to higher 
levels of Bloom’s taxonomy, the base of the knowledge/
skill should have been provided to the students by a 
lecture/small‑group discussions (SGDs)/demonstration.

Myth: SDL sessions can be on any topic of a given course!

Fact: SDL sessions are to be placed after a lecture/SGD/
demonstration which provides the base for learning 
that would take place in SDL sessions. They cannot be 
de novo topics.

Teachers’ Role

The SDL sessions are facilitated by the faculty, not taught. 
The students learn the subject and the faculty facilitate 
learning by providing resource materials, maintaining 
the congruence of learning with the set objective of 
the session, vigilant in maintaining the educational 
standards.[4] The faculty should adopt the methodology 
of the learning process by opting for an appropriate 
mode to attain the objective of the SDL. The verb/s of 
the session objective guide the mode of the SDL session. 
For example, if the objective of a session is to interpret/
analyze, then case‑based/problem‑based learning would 
be beneficial. Moreover, if the objective is where the 
student has to coordinate, team‑based learning or group 
activity is appropriate.

Myth: The teacher dictates the topic of SDL and students 
learn on their own.
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Fact: The teacher facilitates learning in SDL session by 
maintaining congruence of learning with the objective/s 
of the session. The teacher has to provide validated 
resources and guidance on the learning process.

Students’ Role

In an SDL session, the onus of learning is mostly on 
the learner. It is the responsibility of the learner to be 
prepared with the basic knowledge/skill necessary to 
participate in the given SDL session. The characteristics 
of a student that ensures him to be a lifelong learner are 
self‑management, self‑monitoring, and self‑motivation to 
learn.[5] The student needs to be asked for the readiness 
assurance test before he appears and attempts an SDL 
session activity. The students are assessed at the end of 
every SDL session so that they realize the lessons learned 
and set a new goal for learning a given topic.

Myth: SDL sessions are to relearn what is already taught 
in lectures/demonstrations!

Fact: SDL sessions are to build on the concept laid down 
by lectures/demonstrations, by identifying the gap in 
learning with the help of the facilitators.

Assessment of Self‑directed Learning 
Sessions

Every SDL session should end with an assessment. 
This will ensure learning and also provides the learner 
with the level of learning that he could achieve. The 
assessment can be a short essay, seminar evaluation, 
incomplete handouts/flowchart filling, or performance 
of skill in a simulated environment. Even a group activity 
is to be evaluated on a checklist to assess the level of 
involvement, coordination with other group members, 
and lessons learned during the activity based on the 
reflection.

SDL sessions can be utilized in understanding how an 
individual evolves as a self‑directed learner based on 
Goal Attainment Scaling scores.[6]

Myth: SDL sessions are not included in the final 
assessment!

Fact: SDL sessions are assessed and the performance 
is included in the formative assessment. The lessons 
learned are indirectly assessed in the final assessment 
through case‑based questions and long case discussions.

Evolve the Learning Process

It is not practical to expect a student to be a self‑directed 
learner from the beginning of a course. To engage in 

learning so as to build the concept of a topic, the learner 
should assimilate facts/lessons learned around a topic. 
Hence, the student should be slowly evolved from 
the status of the dependent learner to an interested 
→involved learner to lastly self‑directed learner. With 
this changing role of the student, the duties of the teacher 
also evolve from coach → motivator → facilitator to 
consultant.[7]

Hence, the course is gradually taken by explaining 
the facts in complex situations where the students can 
apply and exhibit their competency in a given simulated 
situation. This can take place within a topic of the course 
and also as the students learn through the courses of the 
given graduate program.

Myth: SDL sessions are designed in a fixed format by 
a course!

Fact: The SDL sessions are designed in a way that the 
student develops a holistic way of developing his/
her concept so that he becomes a lifelong learner. The 
format should facilitate the evolution of learning from 
dependent learner to SDL.

Technology to Facilitate Self‑directed 
Learning: “Osler Meets Watson”

Osler says teachers are successful when they facilitate 
learning as a senior student anxious to help his juniors. 
Moreover, millennial learners are multimodal learners 
known for seeking knowledge from various sources 
using technology. Hence, it is the time when faculty have 
to embrace technology not only to be on the same page as 
the learners but also to ease their life.[8] Technology can 
be used to distribute the resources for learning, conduct 
readiness assurance tests, communicate the students’ 
performance, and provide feedback. The teachers of the 
millennium have an additional responsibility to validate 
the resources that students would be using for learning 
a concept.

Myth: Technology deviates the learner from the basics 
and hampers the performance of the teacher

Fact: Technology provides innumerable resources for 
learning and eases the life of the facilitator by wide 
accessibility to distribute the resources and assess the 
learners’ performance.

Conclusion

The SDL sessions are opportunities for the students to 
learn the topics in depth to enhance the knowledge and 
skills related to a course so that they apply them in their 
real‑life health‑care services. The faculty perform a prime 
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role to facilitate and promote learning intending to make 
every student a lifelong learner.
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Aerobic bacterial study of 
postoperative lower segment cesarean 
site wound infection
K. Pooja, M. B. Nagmoti

Abstract:
INTRODUCTION: Cesarean section wound infection illustrates a significant load to the health 
system as it carries an increased risk of infection as compared to normal vaginal delivery . Hence, it 
is necessary to identify the agents responsible as well as their extent of susceptibility for commonly 
used antibiotics.
MATERIALS AND METHODS: The study was carried out at the Department of Microbiology, 
Jawaharlal Nehru Medical College. The specimens were inoculated on the blood and MacConkey 
agar. The colonies were identified by their morphological characteristics and the biochemical tests, 
antibiotic susceptibility test was carried for the isolated aerobic bacterial isolates.
RESULTS: In the present study, Staphylococcus aureus (13, 56.68%) was the most common 
pathogen isolated, followed by Klebsiella pneumoniae (5, 21.9%). Gram‑positive isolates showed 
greater sensitivity to tetracycline 11 (73.33%), followed by doxycycline (11, 73.33%) and clindamycin 
(9, 60%). Gram‑negative bacteria showed the highest sensitivity meropenem (7, 77.78%), 
imipenem (6, 66.66%), and piperacillin + tazobactam (6, 66.66%).
CONCLUSION: Frequent antimicrobial audit and qualitative research could give an insight into the 
current antibiotic prescription practices and the factors governing the same.
Keywords:
Lower segment Caesarean section, methicillin‑resistant Staphylococcus aureus, surgical site infections

Introduction

Lower segment Caesarean Section (LSCS) 
carry a 5–20‑fold increased risk of 

infection as compared to normal vaginal 
delivery.[1] Cesarean section wound infection 
illustrates a significant load to the health 
system because it is related to increased 
morbidity, mortality, prolonged hospital 
state, secondary infertility, and increased 
economic cost for patient care.[2] It depends on 
several factors like microbial pathogenicity, 
host defenses, local environmental factors 
and surgical techniques etc.[3] SSI and 
endometritis is major cause of prolonged 
hospital stay and poses a burden to the 
health care system.[4] Antibiotics are used for 

treatment and prevention of infection[5] but 
irrational use of broad spectrum antibiotics 
resulting anti microbial resistance (AMR) 
has further deteriorated condition in 
this regard and the problem gets more 
complicated.[6] The previous knowledge of 
the infection and the causative organism will 
help to decide the antibiotic selection along 
with their resistance.[7] So, it is necessary to 
identify the agents responsible for cesarean 
sites infections as well as to determine 
their extent of susceptibility for commonly 
used antibiotics to make relevant health 
recommendations aimed at preventing, 
controlling, or managing cesarean section 
wound infections.[8,9] The objective of our 
study is to determine the diversity of the 
microorganisms and the antibacterial 
susceptibility pattern among the patients 
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suffering from LSCS wound infection in Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi, Karnataka, India.

Materials and Methods

Study center
The present study was conducted at the Department 
of Microbiology, Jawaharlal Nehru Medical College 
(JNMC), Belagavi.

Source of data
LSCS wound swabs were received from the patients 
suspected of bacterial infection in the Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

Study design
The study design involves hospital‑based study.

Study period
The study period was 1 year from January 2020 to March 
2021.

Sample size
Universal sample was used.

Inclusion criteria
Inclusion criteria included clinically diagnosed or 
suspected cases of LSCS wound infection.

Exclusion criteria
Exclusion criteria included patients previously treated 
with systemic antibiotics.

Statistical analysis
Percentage was used to calculate the prevalence of 
organisms and their antibiotic sensitivity pattern.

Ethical clearance
The present research project was approved by the JNMC 
Institutional Ethics Committee on Human Subjects 
Research (Ref: MDC/DOME/338 Date 18/05/2020).

Collection of sample
Under aseptic condition, pus from the wound was 
collected with the help of a sterile swab from a suspected 
case of LSCS bacterial infection.

Samples were sent to the Department of Microbiology, 
JNMC, KLE’S (Karnataka Lingayat education) Academy 
of higher Education and Research, Belagavi.

Storage
Specimens should be refrigerated at 28°C if processing 
of the sample is delayed.

Examination of lower segment caesarean section 
wound swabs
Samples were further subjected to microscopic 
examination,  i .e . ,  Gram staining,  for aerobic 
culture, they were inoculated onto blood agar and 
MacConkey agar. According to the CLSI guidelines, 
an antimicrobial susceptibility test was conducted for 
the bacterial isolates by Kirby–Bauer disk‑diffusion 
method.

Results

LSCS wound swabs were received in the Microbiology 
Department of JNMC, from Dr. Prabhakar Kore 
Charitable Hospital, Belagavi, of patients clinically 
diagnosed with cases of chronic suppurative otitis 
media. The samples were further processed for isolation, 
identification, and antibiotic sensitivity.

During this period, a total of 48 samples were processed 
and of which 30 (62.5%) culture‑positive cases were 
yielded [Table 1].

Of 30 culture‑positive cases, 14 (46.66%) of them showed 
polymicrobial growth, whereas 16 (53.34%) showed 
monomicrobial growth [Table 2].

Of 48 samples processed, 23 (47.92%) were bacterial 
isolates, 18 (37.5%) were culture‑negative cases where 
no organisms were grown, and 07 (14.5%) were skin 
commensals [Table 3].

Among the total of 23 isolates, 14 (60.87%) were 
Gram‑positive cocci and 9 (39.13%) were Gram‑negative 
bacilli [Table 4].

Table 2: Distribution of growth in culture‑positive cases
Growth type n (%)
Monomicrobial 16 (53.34)
Polymicrobial 14 (46.66)
Total 30 (100)

Table 1: Bacterial culture‑positive cases in the study
n (%)

Growth 30 (62.5)
NOGC 18 (37.5)
Total 48 (100)
NOGC: No organisms grown in culture

Table 3: Type of growth yielded in the study (n=48)
n (%)

Isolates 23 (47.92)
NOGC 18 (37.5)
Commensals 7 (14.5)
Total 48 (100)
NOGC: No organisms grown in culture
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Of 23 bacterial isolates of methicillin‑resistant 
Staphylococcus aureus (MRSA), 8 (34.78%) were 
predominant followed by methicillin‑susceptible 
S. aureus (MSSA) (5, 21.9%), Klebsiella pneumoniae 
(5, 21.9%), Pseudomonas aeruginosa (2, 8.69%), Escherichia 
coli (1, 4.35%), Citrobacter freundii (1, 4.35%), and 
coagulase‑negative staphylococci (CoNS) (1, 4.35%) 
[Table 5].

Gram‑positive bacteria showed greater sensitivity 
to tetracycline (11, 73.33%), followed by doxycycline 
(11, 73.33%) and clindamycin (9, 60%) [Table 6].

Among the Gram‑negative bacteria, meropenem 7 (77.78%) 
showed the highest sensitivity, followed by imipenem 
6 (66.66%) and piperacillin + tazobactam 6 (66.66%) 
[Table 7].

Discussion

A total number of 48 LSCS wound swabs were processed, 
which were received in the Department of Microbiology 
of JNMC from Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

The samples were processed for aerobic bacterial 
culture, of 48 samples, of which 30 (62.5%) culture‑positive 
cases were culture positive. Of 30 culture‑positive cases, 
14 (46.66%) of them showed polymicrobial growth, 
whereas 16 (53.34%) showed monomicrobial growth. Of 
48 samples processed, 23 (47.92%) were bacterial isolates, 
18 (37.5%) were culture‑negative cases where no organisms 
were grown, and 7 (14.5%) were skin commensals. 
Fourteen (60.87%) isolates were Gram‑positive cocci 
and 9 (39.13%) isolates were Gram‑negative bacilli. 
MRSA (8, 34.78%) was predominant, followed by 
MSSA (5, 21.9%), Klebsiella pneumoniae (5, 21.9%), 
P. aeruginosa (2, 8.69%), E. coli (1, 4.35%), C. freundii 
(1, (4.35%), and CoNS (1, 4.35%). Gram‑positive 
bacteria revealed higher susceptibility to tetracycline 
(11, 73.33%), followed by doxycycline (11, 73.33%) and 
clindamycin (9, 60%). Most of them were resistant to 
ceftriaxone (90%), penicillin (70%), and cefazolin (70%). 
Among the Gram‑negative bacteria, meropenem 
(7, 77.78%) showed the highest sensitivity, followed 
by imipenem (6 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 

Table 6: Sensitivity pattern of Gram‑positive bacteria 
(methicillin‑resistant Staphylococcus aureus, 
methicillin‑susceptible Staphylococcus aureus, and 
coagulase‑negative staphylococci)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 6 (40) 8 (60) 14
Azithromycin 7 (46.67) 7 (53.33) 14
Penicillin 3 (20) 11 (80) 14
Erythromycin 5 (33.33) 9 (66.67) 14
Clindamycin 9 (60) 5 (40) 14
Co‑timoxazole 8 (53.33) 6 (46.67) 14
Cefoxitin 6 (66.67) 8 (33.33) 14
Gentamicin 7 (46.67) 7 (53.33) 14
Doxycycline 11 (73.33) 3 (26.67) 14
Linezolid 8 (53.33) 6 (46.67) 14
Tetracycline 11 (73.33) 3 (26.67) 14
Ciprofloxacin 5 (33.33) 9 (66.67) 14
Levofloxacin 5 (33.33) 9 (66.67) 14
Chloramphenicol 6 (40) 8 (60) 14
Cefazolin 3 (20) 11 (80) 14
Ceftriaxone 1 (6.67) 13 (93.33) 14

Table 7: Sensitivity pattern of Gram‑negative bacteria 
(Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli, and Citrobacter freundii)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 0 9 (100) 9
Amoxyclav 0 9 (100) 9
Tobramycin 2 (22.22) 7 (77.78) 9
Gentamicin 1 (11.11) 8 (88.89) 9
Doxycycline 0 9 (100) 9
Tetracycline 1 (11.11) 8 (88.89) 9
Ceftazidime 4 (44.44) 5 (55.56) 9
Piperacillin/
tazobactam

6 (66.67) 3 (33.33) 9

Ciprofloxacin 3 (33.33) 6 (66.67) 9
Levofloxacin 3 (33.33) 6 (66.67) 9
Cefepime 1 (11.11) 8 (88.89) 9
Cefuroxime 1 (11.11) 8 (88.89) 9
Imipenem 6 (66.67) 3 (33.33) 9
Meropenem 7 (77.78) 2 (22.22) 9
Amikacin 3 (33.33) 6 (66.67) 9
Norfloxacin 4 (44.44) 5 (55.56) 9
Chloramphenicol 5 (55.56) 4 (44.44) 9
Aztreonam 4 (44.44) 5 (55.56) 9

Table 5: Number of bacterial isolates in the study
Isolates n (%)
MRSA 8 (34.78)
MSSA 5 (21.9)
Klebsiella pneumoniae 5 (21.9)
Pseudomonas aeruginosa 2 (8.69)
Citrobacter freundii 1 (4.35)
Escherichia coli 1 (4.35)
CoNS 1 (4.35)
MRSA: Methicillin‑resistant Staphylococcus aureus, MSSA: Methicillin‑ 
susceptible Staphylococcus aureus, CoNS: Coagulase‑negative staphylococci

Table 4: Distribution of isolates in the study (n=48)
Number of isolates, n (%)

GPC 14 (60.87)
GNB 9 (39.13)
GPC: Gram positive bacteria, GNB: Gram negative bacteria
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cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

As per the study conducted by Divvy. P, monomicrobial 
bacterial growth type was seen in 74 (71.2%) and 
polymicrobial growth type was seen in 30 (28.8%). 
S. aureus was the most predominant organism isolated 
in this study (31.3%). Cefoxitin disk susceptibility 
revealed 12 (28.6%) MRSA of 42 S. aureus isolates. All 
staphylococcus isolates are sensitive to linezolid and 
vancomycin (100%), some of them are sensitive to amikacin 
and amoxyclav (61.9%).[10] As per the study conducted by 
Bajaj et al., Of 34 (28.57%) isolates of S. aureus, 26 isolates are 
MRSA followed by P. aeruginosa (26%), CoNS (10.92%), 
K. pneumoniae (8.4%), E. coli (7.56%), Enterococcus 
spp. (5.05%), C. freundii (5.05%), Klebsiella oxytoca (4.2%), 
Acinetobacter spp. (2.52%), and C. koseri (1.68%). All the 
Gram‑positive bacteria isolated were almost resistant 
to ampicillin (80%) and ciprofloxacin (55.88%).[11] 
S. aureus (42%) is the most isolated organism in the 
study of Olukitibi and Adebolu due to their abundance 
on human skin as normal flora, and most of them are 
resistant to commonly used antibiotics such as penicillin, 
levofloxacin, chloramphenicol, gentamicin, and 
ciprofloxacin.[12] As per the study conducted by Dhar et al., 
a majorly isolated organism was S. aureus (66 31.27%), 
followed by E. coli (40, 18.95%). Among S. aureus, 
few were MRSA. Polymicrobial infection was seen in 
42 (19.90%) cases. There were 47 (22.27%) cases where 
culture did not yield any organism may be due to the 
use of broad‑spectrum antibiotics. Here, aminoglycoside 
drug class constituted the most sensitive antibiotic and 
also penicillin group of drugs.[13] In the study of Chares 
Obinna et al., the predominant organism isolated was 
S. aureus (37.3%), followed by K. pneumoniae (27.1%), 
E. coli (22.0%), P. aeruginosa (5.1%), K. oxytoca (5.1%), 
and Bacteroides (3.4%) and most of the isolates 
were sensitive to amikacin and imipenem and are 
resistant to cephalosporin, gentamicin, amoxyclav, and 
meropenem.[14] These all study results are almost similar 
to my study in a crisis of mostly isolated pathogen as 
S. aureus among them MRSA; eventually, some are 
polymicrobial, culture‑negative specimens found in 
some cases, and commensals as normal flora on the 
skin, etc. As per the study conducted by Egbe Friday 
Andrew, E. coli was the most predominant organism 
isolated (13, 28.26%), followed by S. aureus (10, 21.74%), 
Staphylococcus epidermidis (8, 17.39%), Enterobacter 
(6, 13.04%), P. aeruginosa (4, 8.80%), Klebsiella species 
(3, 6.52%), and Proteus spp. (2, 4.35%). This study is 
a bit different from my study and related to other 
studies as E. coli is the predominant organism isolated 
here. Here, most of the Gram‑positive bacteria were 
sensitive to ciprofloxacin, cefuroxime (83.3%), and 
erythromycin (66.7%) and resistant to tetracycline (83.3%). 
Most of the Gram‑negative bacteria were resistant 

to tetracycline (92.3%), co‑trimoxazole (84.6%), 
Augmentin (76.9%), and amoxyclav (53.4%).[15]

The results of the above studies support our study with 
a slight difference in the sensitivity pattern; however, it 
also depends on the geographical area.

Conclusion

The present study revealed that MRSA (8, 34.78%) 
was predominant, followed by MSSA (5, 21.9%), 
K. pneumoniae (5, 21.9%), P. aeruginosa (2, 8.69%), E. coli 
(1, 4.35%), C. freundii (1, 4.35%), and CoNS (1, 4.35%). 
Irrational use of antibiotics induces the development 
of the bacteria, which shows resistance to the multiple 
drugs, which can also produce postoperative as well as 
primary infections.

G r a m ‑ p o s i t i v e  b a c t e r i a  r e v e a l e d  h i g h e r 
susceptibility to tetracycline 11 (73.33%) followed by 
doxycycline (11, 73.33%) and clindamycin (9, 60%). 
Most of them were resistant to ceftriaxone (90%), 
penicillin (70%), and cefazolin (70%). Among the 
Gram‑negative bacteria, meropenem (7, 77.78%) 
showed the highest  sensit ivity,  fol lowed by 
imipenem (6, 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 
cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

Understanding the epidemiology of modern‑day 
microbiological flora and their antibiotic sensitivity 
pattern of LSCS wound infections helps in the 
development of effective strategies for initial prevention 
and also decreases the complications, fatality, and 
morbidity rate. Results of this study help the local area 
in prescribing the empirical treatment by minimizing 
the expenditure of health care.
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ABSTRACT 

Introduction: The term ragging means any conduct whether by words spoken or written or 

by an act which has the effect of teasing, treating or handling with rudeness any other student, 

indulging in rowdy or undisciplined activities which causes or is likely to cause annoyance, 

hardship or psychological harm or to raise fear or apprehension thereof in a fresher or a junior 

student or asking the students to do any act or perform something which such student will not 

in the ordinary course and which has the effect of causing or generating a sense of shame or 

embarrassment so as to adversely affect the physique or psyche of a fresher or a junior 

student. Methodology: The study was carried out on newly admitted IMG students for the 

academic year 2021-2022 on 21 -02-2022 as part of Orientation Program under the aegis of 

Foundation Course. On the foundation day 120 students were present out of 152 admitted 

students. A sensitization program was conducted to the students in the afternoon session at 2-

3 pm. Out of the total students present 87 students gave feedback on the outcome of the 

session. Along with the students the study was carried out on parents of newly admitted 

medical students for the academic year 2021-2022 on 21 -02-2022 as part of Orientation 

Program under the aegis of Foundation Course. On that day 30 parents were present for the 

152 newly admitted students. A sensitization program was conducted to the parents in the 

morning session at 11 am-12 noon. Out of the total parents present 14 parents gave feedback 

on the outcome of the session. 

Keywords: Ragging, IMG student, Parents, UGC Guidelines, Orientation program 

The University Grants Commission (UGC) regulation on curbing ragging in Higher 

Educational Institution, 2009 has stated its objective to root out ragging in all its forms from 

universities, colleges and other educational institutions in the country by prohibiting it by 

law, preventing its occurrence by following the provisions of these Regulations and 

punishing those who indulge in ragging as provided for in these Regulations and the 
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appropriate law in force. The term ragging means any conduct whether by words spoken or 

written or by an act which has the effect of teasing, treating or handling with rudeness any 

other student, indulging in rowdy or undisciplined activities which causes or is likely to 

cause annoyance, hardship or psychological harm or to raise fear or apprehension thereof in 

a fresher or a junior student or asking the students to do any act or perform something which 

such student will not in the ordinary course and which has the effect of causing or generating 

a sense of shame or embarrassment so as to adversely affect the physique or psyche of a 

fresher or a junior student1. 

 

Ragging started as an initiation ritual and a subset of bullying. Bullying is the use of force, 

coercion, or threat, to abuse, aggressively dominate or intimidate. This goes by name hazing 

in North America bizutage in France and praxe in Portugal.  The study has been conducted 

as per the guidelines laid by the University Grants Commission (UGC) New Delhi, India 

and as per the draft of UGC regulation on curbing the menace of ragging in higher 

educational institutions, 2009. The students and parents were made aware of UGC objective 

and brief orientation was given about the various aspect of the draft1.  The students and 

parents were introduced to the seven "warning signs" of gas lighting that are the observed in 

abuser's who have an intention of ragging. Gaslighting is psychological manipulation in 

which a person or a group covertly sows seeds of doubt in a targeted individual or group, 

making them question their own memory, perception, or judgement. It may evoke changes 

in them such as cognitive dissonance or low self-esteem, rendering the victim additionally 

dependent on the gas lighter for emotional support and validation. Using denial, 

misdirection, contradiction, and misinformation, gas lighting involves attempts to destabilize 

the victim and delegitimize the victim's beliefs. As described by Patricia Evans, seven 

"warning signs" of gas lighting are the observed abuser's: 

• Withholding information from the victim; 

• Countering information to fit the abuser's perspective; 

• Discounting information; 

• Using verbal abuse, usually in the form of jokes; 

• Blocking and diverting the victim's attention from outside sources; 

• Trivializing ("minimising") the victim's worth; and, 

• Undermining the victim by gradually weakening them and their thought processes2. 

 
Gaslighting is an extremely intense form of emotional abuse. It requires a lot to notice that 

you’re being gaslighted because initially, it doesn’t seem like anything’s wrong. It also takes a 

lot to remove oneself from the gaslighter/abuser. Gaslighting can have a huge impact on one’s 

identity, as a whole. The reason why gaslighting is very dangerous is because it is a slow but 

sure process to take away people’s sense of self. It causes the victims to second-guess 

themselves at every turn. They don’t trust themselves and completely trust the abuser. The 

victims will doubt themselves and find ways to believe the abuser rather than themselves3. In 

Rankism and dignity theory the author states Rankism is "abusive, discriminatory, and/or 

exploitative behaviour towards people because of their rank in a particular hierarchy “4,5. In 

a study conducted on school children Dan Olweus Defined bullying as unwanted aggressive 

behaviour that is repeated over time and involves an imbalance of power or strength6
. The 

students and parents were made aware of Roy F. Baumeister Social psychologist who is 

known for his work on the self, social rejection, belongingness, sexuality and sex 

differences, self-control, self-esteem, self-defeating behaviours, motivation, aggression, 
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consciousness, and free will7.  At the end there was emphasis on the the Aman moment8 and 

in 2009 UGC passed regulation on curbing ragging in higher educational institutions1. 

 
METHODOLOGY 

The study was carried out on newly admitted IMG students for the academic year 2021-2022 

on 21 -02-2022 as part of Orientation Program under the aegis of Foundation Course. On the 

foundation day 120 students were present out of 152 admitted students. A sensitization 

program was conducted to the students in the afternoon session at 2-3 pm. Out of the total 

students present 87 students gave feedback on the outcome of the session.  

 

Along with the students the study was carried out on parents of newly admitted medical 

students for the academic year 2021-2022 on 21 -02-2022 as part of Orientation Program 

under the aegis of Foundation Course. On that day 30 parents were present for the 152 

newly admitted students. A sensitization program was conducted to the parents in the 

morning session at 11 am-12 noon. Out of the total parents present 13 parents gave feedback 

on the outcome of the session.  

 

RESULT 

Table Number I: Students and Parents awareness of University Grants Commission 

(UGC) framework 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Objective: "Root out ragging in an 

institution" 

86 1 -- 14 -- -- 

98.9 1.1 -- 100 -- -- 

2. Objective awareness: Before the start 

of orientation program during 

"Foundation Course" 

78 -- 9 11 -- 3 

89.7 -- 10.3 78.6 -- 21.4 

3. Institutional communication through 

various modes of channels before 

admission 

80 4 3 14 -- -- 

92 4.6 3.4 100 -- -- 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number II: Institutional approach towards framework of University Grants 

Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1.  Undertaking through online on taking 

admission 

78 4 5 12 1 1 

89.7 4.6 5.7 85.7 7.1 7.1 

2. Institution providing a printed copy: 

"Code of Conduct" 

62 6 19 9 2 3 

71.3 6.9 21.8 64.3 14.3 21.4 

3 Institution forming "Anti-Ragging 

Committee"     

87 -- -- 14 -- -- 

100 -- -- 100 -- -- 

4. Institution forming "Anti-Ragging 86 1 -- 14 -- -- 
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Squad"     98.9 1.1 -- 100 -- -- 

5. Institution forming "Monitoring Cell on 

Raging" 

83 2 2 14 -- -- 

95.4 2.3 2.3 100 -- -- 

6. Institution appointing: "Counsellor" 86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

7. Institution appointing: “Security 

Personnel” 

86 1 -- 12 1 1 

98.9 1.1 -- 85.7 7.1 7.1 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number III: Awareness of theoretical perspective for the need of framework of 

University Grants Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1.  Ragging is a subset of bullying"   86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

2. Gaslighting and the Seven warning signs 

of gas lighting observed in the abuser 

87 -- -- 9 2 3 

100 -- -- 64.3 14.3 21.4 

3. Rankism and Dignity Theory 85 2 -- 9 -- 5 

97.7 2.3 -- 64.3 -- 35.7 

4. Dan Olweus: “Olweus Bullying 

Prevention Program [OBPP]” 

83 3 1 8 -- 6 

95.4 3.4 1.1 57.1 -- 42.9 

5. Roy F. Baumeister: “The Handbook of 

Social Psychology” 

82 3 2 9 -- 5 

94.3 3.4 2.3 64.3 -- 35.7 

6. Aman Movement and Aman Satya 

Kachroo Trust 

85 1 1 11 -- 3 

97.7 1.1 1.1 78.6 -- 32.4 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number IV: Orientation by institution of various parameters to fulfil the objective 

of University Grants Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Submission of affidavits of taking oath 

not to indulge in ragging   

66 5 16 14 -- -- 

75.9 5.7 18.4 100 -- -- 

2. Toll-free 'Anti-Ragging Helpline ‘ 84 3 -- 12 2 -- 

96.6 3.4 -- 85.7 14.3 -- 

3. Awareness: Anti-Ragging NGO Society 

Against Violence in Education (SAVE) 

85 -- 2 10 3 1 

97.7 -- 2.3 71.4 21.4 7.1 

4. Report the incidence of ragging as a 

victim as well as witness 

86 -- 1 14 -- -- 

98.9 -- 1.1 100 -- -- 

5. Institution organizes joint sensitization 

program of newly admitted students and 

the senior students   

82 3 2 11 3 -- 

94.3 3.4 2.3 78.6 21.6 -- 

6. Mentorship Program: Curricular, co-

curricular and extra-curricular activity for 

87 -- -- 13 1 -- 

100 -- -- 92.9 7.1 -- 
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the overall development of student 

7. Create awareness in the society at large: 

Prevention of Ragging 

86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number V: Anti-Ragging Squad: Parameters considered as “Incidence of Ragging” to 

be reported 

Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Different phase student in the separately 

lodging facility of newly admitted 

student 

82 4 1 14 -- -- 

94.3 4.6 1.1 100 -- -- 

2. Newly admitted student performing an 

unusual act in the presence of newly 

admitted student 

78 4 5 10 2 2 

89.7 4.6 5.7 71.4 14.3 14.3 

3. Newly admitted student performing an 

unusual act in the presence of a different 

phase student 

85 2 -- 13 1 -- 

97.7 2.3 -- 92.9 7.1 -- 

4. Different phase student performing an 

unusual act in the presence of a new 

admitted student 

86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

5. Different phase student in an unusual or 

inappropriate attire or style in the 

separately lodging facility of newly 

admitted student 

84 4 -- 13 1 -- 

95.4 4.6 -- 92.9 7.1 -- 

6. Newly admitted student in an unusual or 

inappropriate attire or style in the 

separately lodging facility of newly 

admitted student 

82 5 -- 13 1 -- 

94.3 5.7 -- 92.9 7.1 -- 

7. Incidence of ragging within the 

institutional premises as well as outside 

the institutional premises 

85 2 -- 13 1 -- 

97.7 2.3 -- 92.9 7.1 -- 

8. Surprise inspection by the anti-ragging 

squad 

75 10 1 14 -- -- 

87.4 11.5 1.1 100 -- -- 

A: Yes   B: Maybe C: No and D: Percentage 

 
 Table Number VI: Infrastructure provided by the institution as per framework of University 

Grants Commission (UGC) guidelines- Students Response  

Sr 

No 

Questionnaire Students’ response in numbers and percentage 

(E)E) (VG)F (G)G (A)H (P)I (VP)J 

%(D) 

1. Lodging students separately 43 16 17 7 2 2 

49.4 18.4 19.5 8 2.3 2.3 

2. Facility provided by the institution 43 23 18 3 -- -- 

49.4 26.4 20.7 3.4 -- -- 

3. Rating of the orientation program conducted 47 28 10 2 -- -- 

54 32.2 11.5 2.3 -- -- 

D: Percentage E: Excellent F: Very Good G: Good H: Average I: Poor J: Very Poor 
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Table Number VII: Infrastructure provided by the institution as per framework of 

University Grants Commission (UGC) guidelines- Parents Response  
Sr 

No 

Questionnaire Students’ response in numbers and 

percentage 

(E)E) (VG)F (G)G (A)H (P)I (VP)J 

%(D) 

1. Lodging students separately 9 3 2 -- -- -- 

64.3 21.4 14.3 -- -- -- 

2. Facility provided by the institution 10 3 1 -- -- -- 

71.4 21.4 7.4 -- -- -- 

3. Rating of the orientation program 

conducted 

10 3 1 -- -- -- 

71.4 21.4 7.4 -- -- -- 

D: Percentage E: Excellent F: Very Good G: Good H: Average I: Poor J: Very Poor 

 

DISCUSSION 

The “Orientation Program” for the newly admitted IMG students for 2021-22batch was 

organized on 21ST February 2022 between 2-3 pm. A session was also held for the parents 

between 11 am to 12 noon. The topic was “You are shielded- Anti-Ragging measures 

employed by the Institution”. The students and parents were oriented towards the framework 

of University Grants Commission (UGC) guidelines, the theoretical framework and the 

institutional framework towards the implementation of University Grants Commission 

(UGC) objective.   

 

In Table Number I the response of students and parents’ awareness of the objective 

University Grants Commission (UGC) framework is shown. Although there was general 

unanimity amongst both the students (98.9%) and parents (100%) of the objective namely 

“to root out ragging from the institution” the percentage of awareness is slightly less 

(89.7%) and (78.6%) amongst the students and parents respectively. In the institutional 

communication through various modes of channels before admission all parents were 

unanimous (100%) of the receival and acceptance of communication compared to students 

(92%).   

 

In Table Number II the institutional approach towards framework of University Grants 

Commission (UGC) guidelines feedback by students and parents are depicted. In the 

undertaking through online on taking admission the percentage of response amongst the 

students is (89.7%) and parents is (85.7 %). The institution provides a printed copy in the 

form of “Code of Conduct” for which the response from students was (71.3%) and parents 

was (64.3%) respectively. For the "Anti-Ragging Committee" constituted by the institution 

there was unanimous approval and response from students and parents was 100% 

respectively. In the response by the students and parents for Institution forming "Anti-

Ragging Squad" there was 98.9% and 100% respectively. The response for institution 

forming "Monitoring Cell on Raging" by students is 95.4% and from parents is 100%. The 

institution has appointed a “Counsellor" as per University Grants Commission (UGC) and 

the response from students is 98.9% and parents is 92.9%. For the Institution appointing 

“Security Personnel” the response from students is 98.9% and parents is 85.7%. 

 

In Table Number III is on theoretical perspective for the need of framework of University 

Grants Commission (UGC) guidelines. In the first questionnaire of “ragging is a subset of 
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bullying" the student’s response was 98.9% and the parents’ response was 92.9%. In the 

theoretical concept of gaslighting and the Seven warning signs of gas lighting observed in 

the abuser the student’s response was overwhelming at 100% and the parents’ response was 

64.3%. In the Rankism and Dignity Theory the student’s response was 97.7% and the 

parents’ response was 64.3%. In the Dan Olweus: “Olweus Bullying Prevention Program 

[OBPP]” the student’s response was 95.4% and the parents’ response was 57.1%. In the Roy 

F. Baumeister: “The Handbook of Social Psychology” the student’s response was 94.3% and 

the parents’ response was 64.3%. In the Aman Movement and Aman Satya Kachroo Trust 

the student’s response was 97.7% and the parents’ response was 78.6%. 

 

In Table Number IV the response by students and parents are shown on the institution 

creating awareness of various parameters to fulfil the objective of University Grants 

Commission (UGC) guidelines. For submission of affidavits of taking oath not to indulge in 

ragging the response by students 75.9% was and parents was 100%. The response for Toll-

free 'Anti-Ragging Helpline’ by the students was 96.6% and parents is 85.7% respectively. 

For the awareness of Anti-Ragging NGO Society Against Violence in Education (SAVE) 

the response by the students was 97.7% and parents is 71.4%. For the response whether the 

students and parents are willing to report the incidence of ragging as a victim as well as 

witness there was overwhelming response of 98.9% and 100% respectively. For the 

awareness parameter of institution organizing joint sensitization program of newly admitted 

students and the senior students the response by students is 94.3% and parents is 78.6%. The 

response for mentorship program for Curricular, co-curricular and extra-curricular activity 

for the overall development of student was 100% by the students and 92.9% by the parents. 

As an individual for the parameter of creating awareness in the society at large on the 

objective of University Grants Commission in future the response by the student was 98.9% 

and parents was 92.9% respectively.  

 

In Table Number V the students and parents were given certain parameters which constitutes 

as incidence of ragging that has to be reported to “Anti-Ragging Squad”. In the first 

parameter the response from student was 94.3% and parents was 100% for different phase 

student in the separately lodging facility of newly admitted student. In the second parameter 

for newly admitted student performing an unusual act in the presence of newly admitted 

student the response from student was 89.7% and parents was 71.4%. For the third 

parameter of newly admitted student performing an unusual act in the presence of a different 

phase student the response from students was 97.7% and parents was 92.9%. The response 

for fourth parameter of different phase student performing an unusual act in the presence of 

a new admitted student the response from students was 98.9% and parents was 92.9%. For 

fifth parameter the response of different phase student in an unusual or inappropriate attire 

or style in the separately lodging facility of newly admitted student the response from 

students was 95.4% and parents was 92.9%. The response from students was 94.3% and 

parents was 92.9% for the sixth parameter namely newly admitted student in an unusual or 

inappropriate attire or style in the separately lodging facility of newly admitted student. For 

the seventh parameter of incidence of ragging within the institutional premises as well as 

outside the institutional premises the response from students was 97.7% and parents was 

92.9%. The eighth parameter of surprise inspection by the anti-ragging squad the response 

from students was 87.4% and parents was 100%. 
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In Table Number VI and VII the response by students and parents for infrastructure provided 

by the institution as per framework of University Grants Commission (UGC) guidelines is 

tabulated. The response by students and parents for lodging students separately was (49.4%, 

18.4%, 19.5%) and (64.3%, 21.4%, 14.3%) respectively. For facility provided by the 

institution the response by students and parents was (49.4 % 26.4%  20.7%) and (71.4% 

21.4% 7.4%) respectively. The response by students and parents for rating of the orientation 

program conducted was (54% 32.2% 11.5%) and (71.4% 21.4% 7.4%) respectively. 

 

SUMMARY 

There is a need to have Orientation program at the start of the Foundation Course for the 

newly admitted IMG students and parents to create awareness.  

 

There is a need to create a proper and dedicated digital infrastructure for the students and 

parents’ response. The reason for the printed copy in the form of “Code of Conduct” 

response was because of the first day of the start of the academic year for newly admitted 

students of 2021-2022 batch.  

 

The institution has put a system in place where all the parameters defined by the framework 

of University Grants Commission (UGC) guidelines is laid and the response from the 

students and parents were unanimously accepted with majority approval.  

 

The theoretical perspective for the need of framework for University Grants Commission 

(UGC) guidelines was emphasized to give a strong foundation for the awareness program 

which gives proper perspective to the objective of “to root out ragging from the institution”. 

The parents’ response to all parameter expect to the first was less compared to students’ 

response. One of the reasons was diverse educational background which the parents 

highlighted by responding of going through theoretical framework after the orientation 

program to understand in a better way of the objective of University Grants Commission 

(UGC). 

 

In the response by students and parents on the institution creating awareness for the 

objective of University Grants Commission (UGC) there is a need to develop a good 

framework for physical and digital infrastructure for better coordination. There is a strong 

awareness amongst students and parents towards the objective and willingness to create 

awareness in future to in society at large. The institution encourages and fosters a healthy 

interaction of all phases of undergraduate students by having regular orientation program 

and a mentorship program to instil overall growth of students.  

 

For the newly admitted student performing an unusual act in the presence of newly admitted 

student the response is slightly less. One of the reasons from students’ perspective is it 

constitutes a homogenous group where individual feels the need to protect other individual. 

As a parent the acceptance level could be slightly less of their ward for performing an 

unusual act in the presence of newly admitted student. The parents’ response was unanimous 

compared to students which is slightly less compared to other parameter in respect to 

surprise inspection by the anti-ragging squad. One of the probable reasons could be students 

being in a totally new environment and reluctance of acceptance of power vested on the 

individuals by authority.  
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The parents’ response to infrastructure provided by the institution as per framework of 

University Grants Commission (UGC) was overwhelmingly better on all the parameters. 

Compared to parents, the students response was less in the range of Excellent, Very Good 

and Good especially on the parameter of lodging separately for newly admitted students.    

 

DISCUSSION AND CONCLUSION 

The University Grants Commission (UGC) should specifically announce in its regulatory 

framework the day on which students and parents are addressed in the form of Calendar of 

Events so that all can avail the benefit of the program.  

 

The digital infrastructure can be centralized or decentralized with authority to create and 

maintain at respective college where monitoring and evaluation can be done on regular 

interval. There is a need of calendar of event for the Foundation Course by the University 

Grants Commission (UGC) so that all the stakeholders are under the same platform of the 

conduct of orientation program. One of the types of feedback given by the parent was to 

conduct the orientation program through hybrid mode so that all stakeholders can avail the 

benefit.  

 

The institution has put the system in place as per University Grants Commission (UGC) 

objective and regularly conducts awareness program for the students of different phases and 

other stakeholders of the institution. The need of theoretical perspective for the framework 

for University Grants Commission (UGC) guidelines was emphasized to give strong 

foundation for the objective mentioned. Compared to parents the response from students was 

better.  

 

Creating awareness is a continuous and dynamic process laying a strong emphasis on 

infrastructure for better coordination of all stakeholders to serve the common objective laid 

by University Grants Commission (UGC) for the welfare of students. There is a need to do 

further research in group and group dynamics to study the acceptance level of students and 

parents in student performing an unusual act in the presence of newly admitted student. 

Another area where research needs to be done is in the dynamics of power and level of 

acceptance which is seen in response by the students only for the parameter of surprise 

inspection by the anti-ragging squad.  

 

On the open-ended question most of the students and parents expressed their appreciation of 

a good session being organized by the institution. One of the parents mentioned the need to 

have hybrid mode of session being conducted so that all stake holders can avail the facility. 

One thing student did mention of reducing the time period of separate lodging facility 

provided to all newly admitted students which the students found restrictive. This can be 

seen in the response of the students for separate lodging facility (Table Number VI).  

 

There is a need to create awareness program by integrating all parameters for proper 

understanding the objective laid by University Grants Commission (UGC). 
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INTRODUCTION 

Gabapentin and nortriptyline are the first line drugs for 

management of neuropathic pain which is the pain caused 

by damaged/irritated nerves.1 This is a case study of 

erythematous maculopapular rash induced by combination 

of gabapentin with nortriptyline along with its causality 

assessment. 

About 1% to 10% of patients suffer from rash when treated 

with gabapentin or nortriptyline.2,3 However, Gabapentin, 

and its combination with nortriptyline continue to be first 

line drugs for neuropathic pain. This is because the pain 

with combination treatment is significantly lower than 

with gabapentin or nortriptyline alone.1 

CASE REPORT 

A 55-year-old female came with complaint of back pain 

for 1 month. She was diagnosed as a case of L1 acute 

osteoporotic disc compression fracture. The patient was 

then administered a combination tablet of gabapentin and 

nortriptyline (100 mg/10 mg) orally for the neuropathic 

pain. Gabapentin is a cyclic GABA analogue that affects 

voltage sensitive Ca2+ channels in neurons. Reduced Ca2+ 

entrance into presynaptic neurons via these channels 
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ABSTRACT 

The combination of gabapentin and nortriptyline is used as the first line drug treatment for management of neuropathic 

pain; however adverse drug reactions (ADRs) are one of the main causes for discontinuation of the therapy. This is a 

case study of erythematous maculopapular rash induced by combination of gabapentin and nortriptyline along with its 

causality assessment. A 55-year-old female came with complaint of back pain for 1 month. She was diagnosed as a case 

of L1 acute osteoporotic disc compression fracture. The patient was then administered combination tablet of gabapentin 

and nortriptyline (100 mg/10 mg) orally for the neuropathic pain. After 3 days she developed erythematous 

maculopapular rash on face, upper limbs and back. Following this the drug was then discontinued and pheniramine, 

hydrocortisone and combination tablet of levocetirizine and montelukast was administered to treat the rashes. Causality 

assessment was done using the Naranjo scale and WHO UMC assessment scale.  The ADRs was reported by VigiFlow 

in the pharmacovigilance centre. Causality assessment using Naranjo scale (Score 6) and WHO UMC scale indicates 

probable relationship. Hence, monitoring is essential for any ADRs while using combination of gabapentin and 

nortriptyline therapy. In case of ADRs, discontinue the therapy and report the adverse drug reactions to 

pharmacovigilance centre. 
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lowers glutamate release, reducing neuronal excitability.4 

Nortriptyline is a tricyclic antidepressant which work by 

inhibiting noradrenaline reuptake.4 After 3 days she 

developed erythematous maculopapular rash on face, 

upper limbs and back. Following this the drug was 

discontinued and pheniramine, hydrocortisone and 

combination tablet of levocetirizine and montelukast was 

administered to treat the rashes. Here pheniramine and 

levocetirizine act as antihistaminic, hydrocortisone binds 

to glucocorticoid receptors leading to inhibition of 

inflammatory factors and montelukast acts as a mast cell 

stabilizer.  

Causality assessment was done using the Naranjo scale and 

WHO UMC assessment scale.5,6 The adverse drug 

reactions was reported by VigiFlow in the 

pharmacovigilance centre. 

 

Table 1: Naranjo ADR probability scale. 

Questions Yes No 
Do not 

know 
Score 

Are there previous conclusive reports on this reaction? +1 0 0  Yes 

Did the adverse event appear after the suspected drug was administered? +2 ‐1 0  Yes 

Did the adverse reaction improve when the drug was discontinued or a 

specific antagonist was administered? 
+1 0 0  Yes 

Did the adverse event reappear when the drug was re‐administered? +2 ‐1 0  DNK 

Are there alternative causes (other than the drug) that could on their own 

have caused the reaction? 
‐1 +2 0  No 

Did the reaction reappear when a placebo was given? ‐1 +1 0 DNK 

Was the drug detected in blood (or other fluids) in concentrations known to 

be toxic? 
+1 0 0 DNK 

Was the reaction more severe when the dose was increased or less severe 

when the dose was decreased? 
+1 0 0 DNK 

Did the patient have a similar reaction to the same or similar drugs in any 

previous exposure? 
+1 0 0  No 

Was the adverse event confirmed by any objective evidence? +1 0 0  No 

Total score  6 
DNK-Do Not Know 

Table 2: WHO UMC causality categories. 

Causality term Assessment criteria 

 

Certain 

Event or laboratory test abnormality, with plausible time relationship to drug intake 

Cannot be explained by disease or other drugs, 

Response to withdrawal plausible (pharmacologically, pathologically) 

Event definitive pharmacologically or phenomenologically (i.e.  an objective and specific medical 

disorder or a recognized pharmacological phenomenon) 

Rechallenge satisfactory, if necessary 

 

Probable/ likely 

Event or laboratory test abnormality, with reasonable time relationship to drug intake 

Unlikely to be attributed to disease or other drugs 

Response to withdrawal clinically reasonable 

Rechallenge not required 

 

Possible 

Event or laboratory test abnormality, with reasonable time relationship to drug intake 

Could also be explained by disease or other drugs 

Information on drug withdrawal may be lacking or unclear 

 

Unlikely 

Event or laboratory test abnormality, with a time to drug intake that makes a relationship 

improbable (but not impossible) 

Disease or other drugs provide plausible explanations 

 

Conditional/ 

unclassified 

Event or laboratory test abnormality 

More data for proper assessment needed, or 

Additional data under examination 

 

Un-assessable/ 

unclassifiable 

Report suggesting an adverse reaction 

Cannot be judged because information is insufficient or contradictory 

Data cannot be supplemented or verified 
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DISCUSSION 

To establish the likelihood of relationship between the 

drugs and the erythematous maculopapular rash Naranjo 

scale (Table 1) and WHO UMC scale (Table 2) were used. 

The Naranjo algorithm or ADR probability scale is a 

method used to assess whether there is a causal 

relationship between an identified untoward clinical event 

and a drug using a simple questionnaire to assign 

probability scores.  

Interpretation of scores in Naranjo scale 

Total score ≥9: Definite: The reaction (1) followed a 

reasonable temporal sequence after a drug or in which a 

toxic drug level had been established in body fluids or 

tissues, (2) followed a recognized response to the 

suspected drug, and (3) was confirmed by improvement on 

withdrawing the drug and reappeared on re-exposure. 

Total score 5-8: Probable: The reaction (1) followed a 

reasonable temporal sequence after a drug, (2) followed a 

recognized response to the suspected drug. (3) was 

confirmed by withdrawal but not by exposure to the drug, 

and (4) could not be reasonably explained by the known 

characteristics of the patient's clinical state. 

Total score 1-4: Possible: The reaction (1) followed a 

temporal sequence after a drug, (2) possibly followed a 

recognized pattern to the suspected drug, and (3) could be 

explained by characteristics of the patient's disease. 

Total score <0: Doubtful: The reaction was likely related 

to factors other than a drug. 

In this case the causality assessment using Naranjo scale 

(Score 6) and WHO-UMC scale indicates probable 

relationship. 

Gabapentin and nortriptyline combination is the first line 

treatment for management of neuropathic pain. The 

common adverse drug reactions associated with 

gabapentin are ataxia, dizziness, fatigue, somnolence, 

fever, nystagmus, peripheral oedema, hostility and 

hyperkinesia (paediatric), nausea and vomiting, tremor, 

asthenia, diplopia, diarrhoea, xerostomia, infection, 

amblyopia and headache.7 

The most common adverse effects of nortriptyline include 

downiness, xerostomia, dizziness, constipation, blurred 

visions, palpitations, tachycardia, impaired coordination, 

increased appetite, nausea/vomiting, confusion, 

restlessness, insomnia, anxiety, urinary retention, rash, 

urticaria, pruritus, weight gain.2 

CONCLUSION 

Literature search did not show such studies for the 

combination of gabapentin and nortriptyline. Hence 

monitoring is essential for any ADRs while using 

combination of gabapentin and nortriptyline and in case of 

ADRs one must discontinue the drug and report it to the 

pharmacovigilance centre.  
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ABSTRACT

Objectives: The present study was planned to study the effect of fenofibrate and gemfibrozil on sodium nitrite-induced anterograde amnesia in male 
Wistar rats.

Methods: Anterograde amnesia was induced by 75 mg/kg of sodium nitrite in six groups (eight in each group) of male Wistar rats (150–180 g). 
Fenofibrate (21 mg/kg and 18 mg/kg) and gemfibrozil (108 and 21 mg/kg) were used as test drugs. The paradigm used was Morris water maze, 
where a hidden platform was kept for the rat to escape from the water. Rats were trained to locate a hidden platform by releasing them into water 
for 4 times a day for 4 consecutive days. The acquisition of this task was measured by noting the time taken to escape to the platform. On the 6th day 
of the study, retrieval of this learnt task was measured by noting the time taken to search for the missing hidden platform. The time taken by the rats 
during the acquisition and retrieval tasks in fenofibrate and gemfibrozil treated groups were measured and compared with disease control group. On 
the 6th day (retrieval trial), only vehicle (distilled water oral) was administered to the groups.

Results: Fenofibrate and gemfibrozil completely ameliorated the anterograde amnesia. The mean escape latency time of both fenofibrate and 
gemfibrozil administered rats was significantly reduced with respect to sodium nitrite group while, retrieval time increased significantly. However, 
the same group of rats showed significant retrieval of task memory.

Conclusion: In the present study, fenofibrate and gemfibrozil ameliorated chemical hypoxia-induced anterograde amnesia. Both can potentially 
inhibit oxidative stress induced neurodegeneration at the commonly prescribed clinical doses. In addition to their hypolipidemic effect, they can also 
prevent modifiable risk factors of chronic neurodegenerative disorders. Further studies are needed to substantiate these findings.

Keywords: Anterograde amnesia, Fenofibrate, Gemfibrozil, Sodium nitrite, Morris water maze.

INTRODUCTION

The human brain controls most of the activities of the body. Among 
brain’s various diverse functions, the most important is formation 
and retrieval of memory. Memory is stored in the form of immediate 
memory, short-term memory, and long-term memory. The memory 
loss may be normal or pathological. Amnesia as a symptom presents as 
two temporal forms, anterograde and retrograde amnesia. Anterograde 
amnesia is the common type of memory loss in earlier stages of 
dementia [1]. Elderly population is the predominantly affected group 
in neurodegenerative dementia, with anterograde amnesia being more 
common. The global burden of amnesia is on a rise due to an increase in 
human life expectancy. Mild cognitive impairment is frequent in older 
people with prevalence rates ranging from 2% to 30% [2] At present, 
drugs in clinical use are indicated mostly in improving symptoms 
of cognitive disorders and aimed at protecting from excitotoxicity, 
supplementing neuronal transmission of viable neurons, or selectively 
improve efficiency of higher telencephalic integrative activities. 
However, these drugs are unable to arrest the pathology of the disease 
or treat them to full remission and their significant adverse effects have 
limited their use [3,4].

Hence, there is an unmet need for more scientific research in developing 
more efficacious and safer drugs in the fight against amnesia. Oxidative 
stress and inflammation are important risk factors of neurodegenerative 
disease and have been associated with increased risk of cognitive 
impairment and dementias both individually and collectively. Fibrates 
are drugs used in dyslipidemia. Dyslipidemia has been observed as a 
risk factor of Alzheimer’s dementia. Interestingly, fibrates, a peroxisome 

proliferator activated receptor-α (PPAR-α) agonist, have been reported 
to possess anti-inflammatory and antioxidant property [5]. However, 
there is a lack of the literature regarding the effects of fibrates on 
amnesia. In view of scarcity of information, the present study was 
planned to explore the effects of fenofibrate and gemfibrozil on 
anterograde amnesia induced by sodium nitrite in male Wistar rats.

Use of sodium nitrite is rationalized by the fact that this is standard 
pharmacological agent to induce amnesia.

MATERIALS AND METHODS

Animals
Adult male Wistar rats weighing 150–180 g were housed under 
standard laboratory conditions, obtained from the central animal 
house of tertiary care teaching hospital and medical college. They 
were acclimatized to 12 h light/dark cycle for 10 days before the day of 
experimentation. Animals were provided feed (standard chow pellet) 
and water ad libitum. The study was approved by Institution Animal 
Ethics Committee as per the guidelines of Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA). Forty-
eight rats were divided into six groups (control, sodium nitrite-induced 
disease control, and four test groups) with eight animals in each group.

Drugs and dosage
Fenofibrate, gemfibrozil, and sodium nitrite were obtained from the 
pharmacy. Clinical human doses of fenofibrate and gemfibrozil were 
converted into rat equivalent doses with the help of the table devised 
by Paget and Barnes [6].

© 2022 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/) DOI: http://dx.doi.org/10.22159/ajpcr.2022v15i8.44942. Journal homepage: https://innovareacademics.in/journals/index.php/ajpcr
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The treatment was given orally in all the groups. Control group was given 
0.5 ml of distill water. All the drugs were dissolved in distilled water.

Morris water maze
It comprises of a circular water tank which has 150 cm diameter 
and 50 cm height with non-reflecting interior surface. The interior 
surface was painted in a way that made the maze opaque when filled 
with opaque water. It was filled with water up to 30 cm at 25±5°C. It 
was divided into four quadrants using threads. In it, a square (side 
10 cm) platform having height of 29 cm was placed in the middle of 
one quadrant (goal quadrant – Qg). The position of the platform was 
kept fixed throughout the training and acquisition trials. The water was 
made opaque by dissolving 3 L of fresh milk daily [7].

For first 10 days, rats were acclimatized to the experimental room and 
the investigator by repeated handling. Following every trial, rats were 
dried thoroughly to prevent any hypothermia.

Day 1 training – rats were familiarized with the task and trials were not 
counted. The familiarization by the rats were confirmed when they learnt 
that there is an escape route from this aversive stimulus, that is, water.

Day 2–5 - Acquisition trial: Control and drug treated (on each day for 
four days) rats were released into water facing toward the wall in one of 
the quadrants (Q). They were subjected to 4 trials/day for 4 days with 
5 min interval between each, with the subsequent trial occurring after 
finishing the ongoing trial with all the eight rats for that same quadrant. 
During successive trials and successive days, starting points were 
changed every time.

At first, the rats were trained to locate the hidden platform by “hit and 
trial” method. They learnt the position of the hidden platform using 
distal cues. Several distal cues were provided to the rats with strict 
adherence to their same fixity for all the days of the trial. Even the 
position of the investigator was fixed with respect to the distal cues.

Subsequently, they were allowed to escape to the platform and stay 
there for 20 s (to generate a spatial memory of the hidden platform 
with the help of distal cues). The time required to escape to platform 
(Escape Latency Time [ELT]) was noted and compared among different 
days and different groups. Rats unable to locate the platform within 
120 s were guided to the platform by hand and again kept there for 
20 s. Rats failing the task on consecutive trials for 2 successive days 
were excluded from the study.

Day 6 – Retrieval trial: On the 6th day, platform from goal quadrant was 
removed and rats (all groups were administered vehicle now) were 
evaluated for time spent in previously goal quadrant (Index of Retrieval). 
This was done only once and the farthest quadrant from the goal quadrant 
was chosen to release the rats. This quadrant was kept the same for all 
groups. The time spent in the previously goal quadrant was compared 
among control and amnesia-induced group and drug treated groups.

On 7th day, all animals were euthanized using overdose of Thiopentone 
sodium by intraperitoneal route (90 mg/kg for male Wistar rats) (as 
per the guidelines of CPCSEA).

Statistical analysis
The data for all the groups were expressed as mean±SEM and were analyzed 
using one-way ANOVA (Analysis of variance) of repeated measurement 
followed by post hoc Dunnett’s test using Graph Pad Prism 5.00 Software 
(San Diego, USA). p≤0.05 was considered statistically significant.

RESULTS

Physical parameters (Morris water maze)
Control group
Mean ELT in seconds was measured to assess learning and acquisition of 
the task of locating the submerged and invisible platform using Morris 
water maze. The mean ELT for vehicle treated group on day 1, day 2, day 3, 

and day 4 was 40.56±1.602, 26.91±5.376, 23.63±3.394, and 18.13±3.280, 
respectively (Table 1). The change in the mean ELT on 4th and 3rd day was 
statistically significant (***p<0.005, *p<0.05 respectively) compared to the 
mean ELT of the 1st day. While acquiring the task, their trajectory toward 
goal quadrant changed from circumferential on 1st day to goal directed 
on the 4th day. On removing the platform, they could retrieve the previous 
location by spending more time (56.63±3.060) in the goal quadrant.

Sodium nitrite-induced anterograde amnesia
Mean ELT in seconds for disease control group on day 1, day 2, day 3, and 
day 4 was 66.00±3.719, 72.13±7.123, 53.38±1.358, and 56.44±1.740, 
respectively (Table 1). On comparison of the mean ELT among all the 
4 days, there was no significant difference from the 1st day. Even on 
the 4th day, they were swimming circumferentially with minimal goal 
directed behavior. Since there was no acquisition of the trial, when 
released into quadrant on the 6th day, the mean ELT was recorded to 
be 56.44±1.740 and the time spent in the previous goal quadrant was 
almost similar to time spent in all other quadrants.

Fenofibrate 21 mg/kg and fenofibrate 18 mg/kg ameliorated the effects 
of sodium nitrite in inducing anterograde amnesia
Mean (ELT) in seconds in fenofibrate 21 mg/kg treated group on day 1, 
day 2, day 3, and day 4 were 46.31±3.263, 33.75±5.399, 31.28±6.396, 
and 22.31±3.433, respectively (Table 1). There was statistical significant 
difference (**p<0.01) in the mean ELT of day 4 compared to the day 1. 
Similarly, mean ELT in seconds in fenofibrate 18 mg/kg treated group 
on days (1, 2, 3, and 4) was 52.16±7.454, 40.34±3.077, 37.81±4.569, and 
30.75±5.525, respectively (Table 1). There was statistical significant 
difference (*p<0.05) in the mean ELT of day 4 compared to the day 1.

Gemfibrozil 108 mg/kg when given before sodium nitrite ameliorate 
anterograde amnesia
Mean ELT in seconds in gemfibrozil 108 mg/kg treated group on 
days (1, 2, 3, and 4) was 55.32±6.947, 28.14±4.960, 26.50±7.645, and 
11.34±1.745, respectively. There was statistical significant difference 
(*p<0.05, **p<0.01, ***p<0.005) in the mean ELT of day 2, 3, and 4 
compared to the day 1, respectively.

Gemfibrozil 21 mg/kg when given before sodium nitrite did not ameliorate 
anterograde amnesia
Mean ELT in seconds in gemfibrozil 18 mg/kg treated group on days 1, 2, 
3, and 4 was 31.64±7.020, 30.96±6.186, 26.89±4.370, and 16.00±1.643, 
respectively (Table 2). There was no statistical significant difference in 
the mean ELT of day 4 compared to the day 1. However, a general trend 
of reducing mean ELT was seen from day 1 to day 4.

Mean escape latency time of day four
A significant reduction in mean ELT on day 4 was observed in 
comparison fenofibrate (21 and 18 mg/kg) and gemfibrozil (108 and 
21 mg/kg) treated groups as compared to disease control group.

Time for retrieval in seconds
In retrieval trial, rats spent significantly more time for locating the 
platform in the goal quadrant in both fenofibrate (21 and 18 mg/kg) 
and gemfibrozil (108 and 21 mg/kg) treated groups in comparison to 
disease control group (Table 2).

Table 1: Drugs and dosages used in the study

Serial 
number

Treatment Rat equivalent dose

1 Control (distilled water) 0.5 ml
2 Sodium nitrite+vehicle 75 mg/kg
3 Fenofibrate+sodium nitrite 21 mg/kg+75 mg/kg
4 Fenofibrate+sodium nitrite 18 mg/kg+75 mg/kg
5 Gemfibrozil+sodium nitrite 108 mg/kg+75 mg/kg
6 Gemfibrozil+sodium nitrite 21 mg/kg+75 mg/kg
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DISCUSSION

The present study examined the potential neuroprotective effect of 
fenofibrate and gemfibrozil on cognitive impairment in sodium nitrite-
induced anterograde amnesia in male Wistar rats. Sodium nitrite by 
inducing chemical hypoxia causes hypoxic neuronal injury affecting 
both the learning of the trial and the retrieval of the trial. Sodium nitrite 
has been reported to cause oxidative injury to neurons by reducing 
oxygen carrying capacity of blood and by forming peroxynitrates [7]. 
75 mg/kg, s.c administration of sodium nitrite has been reported to 
induce cognitive deficits [8]. The same dose of sodium nitrite has been 
selected for the present study. The paradigm used was Morris water 
maze [9]. Morris water maze is a “gold standard” for hippocampal 
function assessment. Rodents are natural swimmers and have a 
natural tendency to escape water. Thus, this maze serves as a natural 
motivation for them. Rats are better performers as they have lesser 
tendencies to float. As per our knowledge, this study was first of its 
kind in studying effect of fenofibrate and gemfibrozil on sodium nitrite-
induced anterograde amnesia.

Fenofibrate at the doses of 21 and 18 mg/kg when administered before 
sodium nitrite showed a statistically significant decrease in mean ELT 
in the acquisition trial. This observation was similar to the results of 
the study which assessed the effects of fenofibrate on learning and 
memory deficits in rats following global cerebral ischemia and found a 
significant reduction in the mean ELT in acquisition trial.

Furthermore, in the retrieval trial, both the doses of fenofibrate have 
shown significant changes, as the rat showed retrieval of the platform’s 
location. This retrieval of the task memory could have only happened 
after the rat learnt it and fenofibrate treated rats showed a decrease in 
time required to search the hidden platform on the 4th day of acquisition 
trial. This observation is in agreement with the previous study of Xuan 
et al. in which fenofibrate treatment increased the retrieval time [10].

Similarly, gemfibrozil 108 mg/kg dose when administered before sodium 
nitrite in the acquisition trial showed a decrease in mean ELT and was 
statistically significant. Gemfibrozil 18 mg/kg when administered before 
sodium nitrite showed a decrease in mean ELT on 4th day of acquisition 
trial, but this difference was not significant whereas day 4 inter-group 
comparison showed statistically significant difference.

To summarize, both fenofibrate and gemfibrozil ameliorated 
anterograde amnesia induced by sodium nitrite. This could mean 
that fenofibrate and gemfibrozil inhibited oxidation of hemoglobin by 
sodium nitrite in blood. This could also be explained on the basis of 

other roles of fibrates such as neuronal anti-oxidant or promotion of 
neurogenesis or by enhancing spatial memory formation. Earlier it has 
been reported that the physiological function of Paraoxonases 1 (PON 
1) is to hydrolyze oxidized lipids and hence acts as anti-oxidant. It seems 
well established that PPARs are important factors in the regulation 
of Paraoxonases (PON 1) expression and in counteracting oxidative 
stress. These data suggest that PPARs play a key role in the regulation 
of oxidation and inflammation and as such drugs that stimulate PPARs 
activity may be important targets in the struggle against amnesia [11].

This study found definite role of fenofibrate and gemfibrozil in 
ameliorating induction of anterograde amnesia by sodium nitrite. 
Thus, fenofibrate and gemfibrozil when started early in the process 
of neurodegeneration can bring down the prevalence of cognitive 
impairment and will open new avenues in the management of number 
of neurodegenerative disorders of the brain.

CONCLUSION

In the present study, fenofibrate and gemfibrozil were explored for 
its effect on model of anterograde amnesia. Sodium nitrite was used 
to induce anterograde amnesia in male Wistar rat. The paradigm 
used was Morris water maze, which is a gold standard for evaluating 
hippocampal spatial memory formation in rodents. Both fenofibrate 
and gemfibrozil have shown significant decrease in mean ELT in 
acquisition trial when given before sodium nitrite. Fenofibrate and 
gemfibrozil treated rat had significant retrieval of task memory when 
given before sodium nitrite in the retrieval trial. Use of fenofibrate and 
gemfibrozil can reduce the risk of amnesia by virtue of its antioxidant 
and anti-inflammatory property, in addition to its dyslipidemic action. 
Furthermore, fenofibrate and gemfibrozil might have a role play in 
the treatment of other neurodegenerative disorders. However, these 
clinical implications need to be assessed in clinical trials.
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INTRODUCTION 

Today internet is reaching every corner of the world. This 

has created increase in mobile and computer users since 

past decades. These mobiles with internet has made an 

easy access to all types of information like movie, social 

media and game. Online game have become a popular 

entertainment activity not only for adults but also among 

children and adolescents. Worldwide most popular games 

are like: Garena free fire: winterlands, candy crush, call of 

duty, clash of clans, Pokémon go, and GTA 5. Among 

these all, play unknown battle ground (PUBG) has become 

popular game in this year. This game is free to download 

and play in both mobile and (personal desktop (PC). The 

PUBG was launched for Android and IOS mobile on 09 

February 2018.1 It was reported in United States (U. S.) 

that 73% adolescents were enjoying using mobile games 

or PC games and similarity around 90% of South Korean 

adolescents were playing games using PC and mobile on 

internet/online.2 

Gaming disorder is defined in the 11th Revision of the 

international classification of diseases (ICD-11) as a 

pattern of gaming behavior (“digital-gaming” or “video-

gaming”) characterized by impaired control over gaming, 

increasing priority given to gaming over other activities to 

the extent that gaming takes precedence over other 

interests and daily activities, and continuation or escalation 

of gaming despite the occurrence of negative 

consequences. For gaming disorder to be diagnosed, the 

behaviour pattern must be of sufficient severity to result in 

significant impairment in personal, family, social, 

educational, occupational or other important areas of 

functioning and would normally have been evident for at 

least 12 months.3 
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Broad research has been done to examine the negative 

effects of internet gaming disorder, especially in 

association with mental and physical health. In the 

specific, IGA were correlated with poor academic 

performance, increased aggression development, social-

loneliness and anti-social behaviors or violent and 

dutifulness, poor psychological well-being. Behavioral 

addiction symptoms were shown in some heavy gamers, 

especially in Griffith’s six bio psychosocial components 

model of addiction, along with withdrawal symptoms like 

alliance, tolerance, mood modification, conflict, and 

relapse. Prevalence of internet gaming disorder worldwide 

ranged from 1.2 to 14.6 percent approximately.4 In India 

the prevalence of internet gaming disorder (IGD) was 10% 

asper the study conducted in Kurnool, Andhra Pradesh, 

India.4 

APA, 2013 (DSM-5) has considered Internet gaming 

disorder encompasses persistent and recurrent use of the 

internet in playing online games lead to clinically 

impairment and distress. It does not include problems with 

general use of internet such as use of social media and 

online gambling and purpose used of internet other than 

gaming.5 The criteria for a diagnosis of IGD suggested by 

five or more symptoms in a 12-months period is a criteria 

to diagnosis IGD. The proposed symptoms include 

preoccupation with online games, excessive playing games 

despite know about the psychological problems, 

withdrawal symptoms, loss of interests in untimely other 

activities such as entrainment, tolerance, unsuccessful 

attempts to minimize the play online games, having 

deceived someone regarding the amount of online gaming, 

play online games to escape with problem and or make 

relieve a negative mood, loss of relationship, job, and 

educational.6  

Cases of suicide attempts, suicide, death, self-harm 

allegedly, and psychological disturbances are caused by 

gaming addiction in Youths. Many states have reported 

higher number of cases like Punjab, Karnataka, Andhra 

Pradesh, Gujarat, and West Bengal.7-11 Most cases were 

reported after PUBG was banned. The government of India 

has also banned games PUBG since 02 September 2020, 

but some players playing PUBG by using a virtual private 

network (VPN) or alternate version like the Korean 

version.12 We have taken up this study with an objective to 

estimate the prevalence of IGD among engineering 

students of engineering institute of Belagavi city. 

METHODS 

In this cross-sectional study a total 262 engineering student 

in Engineering Institute of Belagavi city was enrolled and 

were surveyed, and the individuals who play online/offline 

game last 12 month were interviewed from September 

2019–March 2021. The sample size was determined using 

the formula for infinite population at large developed by 

Cochran in 1963 which is given below. 

 𝑛 = (𝑍2𝑝𝑞)/𝑑2 

Taking 10% of the sample size as a sampling error the final 

sample size was 264. Proportionate sampling method in 3 

Engineering colleges of Belagavi city. On each college 

sample selected by snowball technique. Approval of 

institutional review board was taken. Prior to data 

collection ethical clearance was obtained from ethical 

committee of JNMC, KAHER, Belagavi.  

Inclusion criteria 

Undergraduate engineering students and those who was 

using game for last one year were included.  

Exclusion criteria 

Students who don’t give informed consent were excluded. 

Data collection tools 

It consisted of a pre tested standard questionnaire. 

Consisted questions regarding socio-demographic details.  

IGD-S9 are answered using a 5-point Likert scale: 1 – 

strongly disagree, 2 – disagree, 3 – neither agree or 

disagree, 4 – agree, 5 – strongly agree and total scores were 

ranged from 9 to 45 with higher scores being indicative of 

higher degrees of gaming disorder.13 Minimum cut-off of 

36 out of 45 points was used to determine disorder or non-

disorder gamer.14  

Data collection procedures 

The study was conducted on undergraduate engineering 

student of engineering institute of Belagavi city. Jain 

College of Engineering, SG Balekundri Institute of 

Technology, and KLS Gogte Institute of Technology was 

taken, these institute conducting offline classes other 

engineering college was ban offline class they were 

conducting online classes due to COVID-19 pandemic. 

After obtaining the permission from the respective college 

authorities, the participants were briefed about the study. 

Informed consent was taken from the students. 

Statistical analysis 

Data collected was tabulated into Microsoft excel 2016 and 

statistical analysis was done using IBM statistical package 

for the social sciences (SPSS) software version 22 for 

Windows (New York, USA) for statistical measures such 

as frequency and percentage i.e. mean and mean 

percentage are used. 

RESULTS 

All 262 participants were playing PUBG and participants 

were using mobile device for play games. Table 1 shows 

the distribution of 262 students according to their age in 

completed years, 87 (33.2%) of them were in age group of 

adolescents, 175 (66.80%) were in the age group of youths. 

Out of 262 student majority 204 (77.66%) were male and 
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58 (22.1%) were female. majority 246 (93.90%) were 

Hindu, 14 (5.3%) were Muslim and 2 (8%) were Christian, 

majority 141 (53.8%) were 1 year students and 121 

(46.2%) were 2 year students. 188 (71.8%) were nuclear 

family, 60 (22.9%) were joint family and 14 (5.3%) were 

extended family. 156 (59.5%) spent 3-4 hours in games, 61 

(23.3%) spent 1-2 hours, and 45 (17.2%) spent 5-6 hours 

in games. Students spent money monthly on games which 

ranged from Rs. 100-3000. Majority students (42.7%) 

spent Rs. 100-1000, and (31.3%) spent Rs. 1000-2000, and 

(1.5%) spent Rs. 2000 to 3000, and (24.4%) student did not 

spent money on games. (32.4%) were drink alcohol during 

playing games and 177 (67.6%) were not drink alcohol 

while playing games. (69.5%) were watch gaming videos 

on YouTube, (19.8%) were watch gaming videos on 

Facebook and (10.7%) were watch gaming videos on 

Twitch. 

Prevalence of internet gaming disorder by DSM IGD-S9 

and characteristics 

Table 2, shows as per DSM-5, the IGD-S9, 24 (9.1%) 

students were diagnosed to have IGD. The prevalence of 

IGD as per IGD-9 was found (9.1%) among students. 

Prevalence of internet gaming disorder was high majority 

were male 20 (83.3%) as compared to female 4 (16.7%). 

Prevalence of IGD was among youths 15 (62.5%) 

compared to adolescence 9 (37.5%). IGD was high among 

those studying in 1st year 13 (54.1%) as compared to 2nd 

year 11 (54.9%). IGD was higher in nuclear 17 (70.8%) as 

compared to joint family were 4 (16.7%) and extended 3 

(12.5%). IGD was higher in 1st year students 13 (54.1%) as 

compared to 2nd year students 11 (45.9%). IGD higher in 

low income class Rs. 5000-35000 were 13 (54.1%) as 

compared to 35000-75000 were 9 (37.6%), Rs. 75000-

100000 were 2 (8.3%).  

IGD higher among those who time spent 3-4 hours were 

14 (58.3%) on playing videos gaming per days as 

compared to 1-2 hours were 6 (25%) on playing videos 

gaming per days and 5-6 hours were 4 (16.7%). IGD higher 

among those who spent money Rs. 2000-3000 were 11 

(45.9%) on games monthly as compared to spent money 

Rs. 2000-3000 were 4 (16.%) and 9 (37.5%) no money 

spent on gaming. IGD higher among those who did not 

drink alcohol during games play were 18 (75%) as 

compared to those who drink alcohol during play games 

were 6 (25%). IGD higher among those who watching 

gaming videos on YouTube were 18 (75%) as compared to 

Facebook were 4 (16.7%) and Twitch were 2 (8.3%). 

Table 1: Distribution of study participants according 

to age, gender, religion, year and family. 

Variables Percentage 

Age (years) 

Adolescent 87 (33.2) 

Youths 177 (66.8) 

Gender 

Male 204 (77.6) 

Female 58 (22.1) 

Religion 

Hindu 246 (93.9) 

Muslim 14 (5.3) 

Christian 2 (0.8) 

Year 

1 141 (53.80) 

2 121 (46.2) 

Type of family 

Nuclear 188 (72.8) 

Joint 60 (22.9) 

Extended 14 (5.3) 

Family income (monthly) 

5000-35000 180 (68.7) 

35000-75000 55 (21.) 

75000-100000 21 (8) 

100000-200000 6 (2.3) 

Time spent on games (hours) 

1-2  61 (23.3) 

3-4  156 (59.5) 

5-6  45 (17.2) 

Money spent on game (monthly) Rs. 

No 64 (24.4) 

100-1000 112 (42.7) 

1000-2000 82 (31.3) 

2000-3000 4 (1.5) 

Drink alcohol during game play 

Yes 85 (32.4) 

No 177 (67.6) 

Watching gaming videos online  

YouTube 69.5 

Facebook 19.8 

Twitch 10.7 

Table 2: Comparison of characteristics of internet gaming disorder group with the non‐internet gaming disorder 

group. 

Variables IGD group (n=24; 9.1%), n (%) Non‐IGD group (n=238; 90.9%), n (%) 

Age (years) 

Adolescence 9 (37.5) 78 (32.8) 

Youths 15 (62.5) 160 (67.2) 

Gender 

Male 20 (83.3) 184 (77.3) 

Female 4 (16.7) 54 (22.7)  

Continued. 
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Variables IGD group (n=24; 9.1%), n (%) Non‐IGD group (n=238; 90.9%), n (%) 

Religion 

Hindu 23 (95.9) 223 (93.9) 

Muslim 1(4.1) 13 (5.4) 

Christian 0 2 (0.9) 

Year  

1 13 (54.1) 108 (45.3) 

2 11 (45.9) 130 (56.7) 

Type of family 

Nuclear 17 (70.8) 171 (71.8) 

Joint 4 (16.7) 56 (23.5) 

Extended 3 (12.5) 11 (4.7) 

Family monthly income 

5000-35000 13 (54.1) 167 (70.1) 

35000-75000 9 (37.6) 46 (19.3) 

75000-100000 2 (8.3) 19 (8) 

100000-200000 0 6 (2.6) 

Time spent on video gaming per day (hours) 

1-2 6 (25) 55 (23.1) 

3-4 14 (58.3) 142 (59.7) 

5-6 4 (16.7) 41 (17.2) 

Money spent on games monthly 

No money spent on games 9 (37.5) 54 (22.7) 

100-1000 4 (16.6) 108 (45.3) 

1000-2000 11 (45.9) 71 (29.9) 

2000-3000  5 (2.1) 

Drink alcohol during games play 

Yes 6 (25) 78 (32.8) 

No 18 (75) 160 (67.2) 

Watching gaming videos online  

YouTube 18 (75) 164 (68.9) 

Facebook 4 (16.7) 48 (20.1) 

Twitch 2 (8.3) 26 (11) 

DISCUSSION 

In our study, it was found that 175 (66.80%) students were 

in age group of 20-25 years, 87 (33.2%) in age group of 

18-29 years. Majority of the participants were in age group 

of 20-25 years because study was conducted among under 

graduate students. In our study, 204 (77.66%) male and 58 

(22.1%) females were participated. A similar study was 

conducted in Kurnool Medical College, Kurnool in March 

2019 among 1 year and 2 year, MBBS medical students 

where their age group were 17-22 years. Mean age of 

respondents was 18.86 (±1.08) years. Majority of study 

participants were males (77.8%) and only 22.2% of the 

respondents were females.4 

In our study, the prevalence of IGD as per IGD-9 was 

found to be 9.1%, among engineering students of 

engineering institute of Belagavi city which is slightly 

higher than the prevalence (9%) reported in the study 

conducted in Christian Medical College and Christian 

Dental College, Ludhiana and lesser than the prevalence 

(10%) reported in Kurnool, Andhra Pradesh, India.4,14  

In our study, it was found that 61 (23.3%) students spent 

time on videos games played 1-2 hours, 156 (59.5%) 

students played 3-4 hours, and 45 (17.2%) students played 

5-6 hours. A similar study was conducted in Kuwait in 

2019, among Kuwait adolescents. Majority of study of 

participants, 167 (67.6%) spent 1-4 hours time on playing 

online games.6 

In our study, 69% students were watching gaming videos 

on YouTube, 19.8% were watching gaming videos on 

Facebook and 10.7% watching gaming videos on Twitch. 

A study conducted in Italy revealed that 69.2% participants 

used internet on regular used for playing online video 

gaming and 53.1% on social networks.17 

In the present study, it was found that spent money on 

game (monthly), 64 (24.4%) students did not spent money 

on game, 112 (42.7%) students spent Rs. 100-1000, and 82 

(31.3%) students spent Rs. 1000-2000, and 4 (1.5%) 

students spent Rs. 2000-3000. A study conducted in Hong 

Kong found that 3.6% participants HK$ 500 (Rs. 4751.9) 

on games and 9.0% spent money HK$ 200-500 (Rs. 

1900.76-4751.9) each month on game.19 
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Limitation 

At the time when study was conducted, world was battling 

with COVID-19 and many students did not attend 

class/college in fear. So, this study may not be generalized.  

CONCLUSION  

Our study concludes that overall prevalence of internet 

gaming disorder was 9.1% among engineering students of 

engineering institute of Belagavi city. Prevalence of 

internet gaming disorder is high majority were male. It was 

more common among youth students. Prevalence of IGD 

was high among those students who spent 3-4 hours daily 

in gaming. 
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ANNEXURE 

Questionnaire 

DSM-5 IGD-S9 

Strongly 

disagree or 

disagree (%) 

Neither 

agree nor 

disagree (%) 

Agree or 

strongly 

agree (%) 

Do you feel preoccupied with your gaming behavior? 75 (28.6) 36 (13.7) 151 (57.6) 

Do you feel more irritability, anxiety or even sadness when you 

try to either reduce or stop your gaming activity? 
70 (26.7) 43 (16.4) 149 (56.8) 

Do you feel the need to spend increasing amount of time 

engaged gaming in order to achieve satisfaction or pleasure? 
59 (22.5) 44 (16.8) 159 (60.6) 

Do you systematically fail when trying to control or cease your 

gaming activity? 
74 (28.2) 39 (14.9) 149 (56.8) 

Have you lost interests in previous hobbies and other 

entertainment activities as a result of your engagement with the 

game? 

70 (26.7) 36 (13.7) 156 (59.4) 

Have you continued your gaming activity despite knowing it was 

causing problems between you and other people? 
46 (17.6) 47 (17.9) 169 (64.5) 

Have you deceived any of your family members, therapists or 

others because the amount of your gaming activity? 
53 (20.2) 49 (18.7) 160 (61) 

Do you play in order to temporarily escape or relieve a negative 

mood (e.g. helplessness, guilt, anxiety)? 
38 (14.5) 55 (21) 169 (64.5) 

Have you jeopardized or lost an important relationship, job or an 

educational or career opportunity because of your gaming 

activity? 

44 (16.8) 52 (50.4) 166 (63.3) 
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Abstract
Background
Schools were closed from March 2020 to prevent the spread of the Covid-19 pandemic in India and this impacted the edu
especially the schools affecting more than 32 crore students out of which 70% are from government schools.2 Hence to c
Karnataka government launched the Vidyagama program in August 2020.
Aim
To understand the experiences of government school teachers in implementing the Vidyagama program
Method
Qualitative study design is used. 21 government school teachers were asked to fill in the socio-demographic questionnaire
interview was taken to understand their experiences. The data obtained were analyzed using SPSS and Nvivo software.
Result
The thematic analysis outlined the difficulties like lack of support and resources in implementing the program and barriers 
and hesitation among teachers during teaching, distraction among the students as major hindrances for implementation. I
there was a loss of learning among the students due to the lockdown.
Recommendation
The government needs to upgrade the training programs for teachers which includes online teaching training and promote
reach the target audience
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a b s t r a c t 

Background: Anemia is a common public health problem throughout the globe with its main effect not only on 

health of people but also impact on socioeconomic development. A high prevalence of anemia among school 

children is an indication of a severe problem highlighting the necessity of proper action to prevent further de- 

terioration. This study sought to study the impact of nutritional education on knowledge, attitude, and practice 

regarding anemia among school children. 

Methods: This is an interventional study among school children of Kendriye Vidyalaya, No. 2 Belgaum district, 

India. Structured and self-administered questionnaires were used to know the knowledge, attitude and practice 

of student anemia. The data were analyzed using paired t -test and McNemar test. 

Results: There was significant increment in the mean knowledge and attitude scores of the school children at 

the post-test evaluation. Overall increase of 51.2% in mean score of knowledge and overall increase of 20.7% 

in mean score of attitudes was found ( P < 0.05). Increase in frequency of consumption pattern of iron rich foods 

especially ragi, jaggery, green leafy vegetables and sprouted grains was reported. 

Conclusion: The nutritional education resulted in improvement of knowledge and change in attitude regarding 

anemia as well as increase in consumption of foods rich in Iron. Therefore, nutritional education is one of the 

cost-effective and sustainable method for lowering the cases of anemia. 
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. Introduction 

Anemia is the condition in which red blood cells is incapable of

roviding adequate oxygen to body tissues either due to decrease in

umber or volume of red blood cells or due to a decreased amount of

emoglobin in red blood cells. 1 It is one of the most common public

ealth problems throughout the globe with its main effect not only on

ealth of people but also equal impact on socioeconomic development.

ccording to World Health Organization, there are two billion anemic

eople worldwide with approximately 50% of anemia specific to iron

eficiency. 2,3 Globally, 47.4% of preschool children ( < 5 years), 41.8%

f pregnant women and 25.4% of school going children are anemic. 3 

n Southeast Asia region, prevalence of anemia among pre-school chil-

ren and pregnant women are 65.5% and 48.2% respectively, 3 whereas

revalence among adolescent girls ranges between 17% ‒90%. 2 In India,

revalence ranges from 50% to > 90% among adolescents’ girls in differ-

nt states. 2 National survey data (2005 ‒2006) reported 56% prevalence
∗ Corresponding author. ssmtpoudel@gmail.com . 
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f anemia among adolescent girls. 2 In 2019, the prevalence of anemia

mong adolescent girls (10 ‒19 years) in rural area of Tamil Nadu, In-

ia, was reported to be 48.63%. The prevalence was high (53.24%) in

ate adolescents’ girl (15 ‒19 years) whereas it was 47.34% among girls

ged 10 ‒14 years. 4 Similarly, the prevalence of anemia among school

hildren was 47.9% (57% in girls and 40.5% in the boys) in Belgaum,

ndia. 5 

The high prevalence of anemia among school children provide ev-

dence for it to be the severe public health problem with urgency to

e acted upon. Health education to children on anemia will help in in-

reasing the proper knowledge, attitude, and practice and also helps

n creating healthy family and community reducing the prevalence

f anemia. Very few studies on anemia were conducted focusing on

he impact of nutritional education on school children. 6,7 Hence, the

resent study is the attempt to assess the impact of nutritional education

n knowledge, attitude, and practice regarding anemia among school

hildren. 
 service by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an 

nses/by-nc-nd/4.0/ ) 
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. Methods 

.1. Participants sampling 

This study is an interventional study undertaken among school chil-

ren chosen purposively from Kendriye Vidyala, No. 2 Belgaum district,

ndia. This study was carried out from March 2013 to February 2014.

bout 57 students from standard Ⅴ and 58 students from standard Ⅵ ,

.e., a total of 115 students, attended pre-test and post-test. Standard Ⅴ

nd Standard Ⅵ referred to class 5 and 6, respectively. The participants

ere applying universal sampling technique to include all the students

f those standards. 

Selecting criteria of this study: Students studying in standard Ⅴ and

 of the selected school who were willing to participate and gave the

ritten informed assent were included whereas students absent in the

lass at the day of pre-test were excluded from the study. The students

rom standard Ⅴ and Ⅵ were chosen purposively as these students were

n their early adolescent stage and it is a suitable period for imparting

he behavioral change and nutritional education. 6,7 

.2. Study design 

Pre-tested, structured, and self-administered questionnaires were

sed to assess the socio-demographic profile and knowledge, attitude,

nd practice regarding anemia. Forty different types of questions were

ncluded in the questionnaire. Among them, 22 questions were related

o knowledge, nine were related to attitudes, and nine were related to

ractices. Pilot study was conducted among 10% of the total sample size

nd necessary correction was done. 

Pre-test was done with above mentioned questionnaire prior to the

ntervention. Interventional package included nutritional education and

raining weekly, each session of one hour on different aspects of ane-

ia using different tools and techniques of health education for three

onths. Tools and techniques such as poster, power-point presentation,

ongs, videos, role play, demonstration and drawing were used for train-

ng. Post-test was conducted after three months of Pre-test. 

.3. Ethical consideration 

Ethical Clearance was obtained from Institutional Ethical and Re-

earch Committee of Jawaharlal Nehru Medical College, KLE Univer-

ity, Belgaum, India. Informed consent from the principal of the school

nd parents, and assent from the student were taken before the study

n written form. Students studying in standard Ⅴ and Ⅵ of the study

chool who were willing to participate and gave the written informed

ssent were included whereas students absent in the class at the day of

re-test were excluded from the study. 
92 
.3. Statistical analysis 

The collected data were checked for its completeness, correctness

nd internal consistency to exclude missing data. The results obtained

ere entered using a scoring system of 1 for correct answers and 0 for

ncorrect answers. Non parametric test (McNemar test) was used to as-

ess the knowledge and attitude of the students before and after the

ntervention on each question whereas paired t -test was used for assess-

ng overall mean difference in knowledge and attitude before and after

he intervention. Moreover, independent t -test was used to assess the

tatistical difference in knowledge, attitude, and practice between boys

nd girls. All data were analyzed using SPSS version 16 software (IBM

orporation, New York, USA). 

. Results 

.1. Socio-demographic findings 

A total of 115 students were included this study. More than half

54%) of the students were male and the age ranged from 10 ‒13 years.

ajority of the students (93%) belong to Hindu religion and 79.1% be-

ongs from the nuclear family. The majority of the student’s father is

rom the army background whereas mothers were housewives. 

.2. Knowledge and attitude related findings 

Out of total knowledge score of 22, 29.6% of the participants

btained mean score (6.50 ± 2.93) for pre-test, which increased to

17.86 ± 3.59) for post-test (81.2% of the participants). Mean differ-

nce for 51.6% of students was (11.36 ± 3.68), showing significant im-

rovement in knowledge ( P < 0.05). Similarly, from the 9 attitude re-

ated statements about anemia, 45.1% of the participants obtained mean

core (4.06 ± 1.65) for pre-test, which increased to (5.92 ± 1.84) in post-

est (65.8% of the participants). Mean difference for 20.7% of partici-

ants was (1.86 ± 2.16), which indicated the related attitude improved

ignificantly ( P < 0.05, Fig. 1 ). The significant improvement on both

nowledge and positive attitude about anemia was observed ( P < 0.05).

tratified analysis based on gender found no statistically significant dif-

erence in knowledge and attitude among male and female student both

n pre- test and post-test. The pre-test mean score of knowledge on males

as (6.93 ± 1.69), which increased to (17.02 ± 1.93) for post-test;

eanwhile, the mean scores were (7.11 ± 1.62) and (17.49 ± 1.57)

espectively for females. Similarly, the pre-test mean scores of attitudes

n males and females were (4.05 ± 1.58) and (4.03 ± 1.56), respec-

ively; compared to post-test mean score of (6.09 ± 1.68) in male and

5.77 ± 1.92) in female. 

Table 1 shows knowledge and attitude of students in different aspects

f anemia, in which all P < 0.05 in knowledge related questions. Major
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Table 1 

Knowledge and attitude on different aspects of anemia [ n (%)]. 

Questionnaire Pre-test Post-test P 

Knowledge related questions 

Definition of anemia 29 (25.2) 70 (60.9) < 0.001 

Is increased percentage of hemoglobin anemia? 40 (34.8) 75 (65.2) 0.017 

Is iron important for formation of hemoglobin? 59 (51.3) 103 (89.6) < 0.001 

Normal hemoglobin value 8 (7.0) 94 (81.7) 0.002 

Treatment of anemia 2 (1.7) 25 (21.7) 0.470 

Diagnosis of anemia 19 (16.5) 33 (28.7) 0.158 

Causes of anemia 97 (84.3) 112 (97.4) 0.002 

Signs and symptoms of anemia 8 (7.0) 69 (60.0) < 0.001 

Foods good for anemic patient 60 (52.2) 103 (89.6) < 0.001 

Foods rich in iron sources 96 (83.5) 114 (99.1) < 0.001 

Prevention 16 (14.0) 73 (63.5) < 0.001 

Attitude related statements 

Preference of food 40 (34.8) 84 (73.0) < 0.001 

Preference to take anti-helminthic tablets twice a year 61 (53.0) 81 (70.4) 0.005 

Importance of regular assessment of hemoglobin 47 (40.9) 79 (68.7) < 0.001 

Importance of iron rich foods in normal body condition 85 (73.9) 88 (76.5) 0.670 

I am not at risk for anemia during adolescent 28 (24.3) 57 (49.6) < 0.001 

If I were anemic, I would not take iron tablets 53 (46.1) 87 (75.7) < 0.001 

If I were anemic, I would not take iron rich foods 51 (44.3) 70 (60.9) 0.006 

Anemia needs to be prevented especially among pregnant women 52 (45.3) 71 (61.7) 0.011 

Anemia needs to be prevented especially among adolescent girls 50 (43.5) 64 (55.7) 0.080 

Table 2 

Consumption of iron-rich sources of foods. 

Food Pre-test [ n (%)] Post-test [ n (%)] Increased percentage (%) 

Meat 42 (65.6) 49 (76.6) 11.0 

Fish 41 (63.1) 47 (73.4) 10.3 

Egg 60 (92.3) 65 (100.0) 7.7 

Ragi 72 (62.6) 102 (88.7) 26.1 

Jaggery 69 (60.0) 101 (87.8) 27.8 

Green leafy vegetables 100 (87.0) 113 (98.3) 11.3 

Sprouted grains 65 (56.5) 97 (84.3) 27.8 
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hanges are found in definition of anemia, importance of iron, signs and

ymptoms, foods rich in iron sources and good in anemic condition, and

revention. Before the nutritional education, 25.2% had knowledge on

efinition of anemia which increased to 60.9% after the nutritional edu-

ation. Knowledge on normal hemoglobin value of adolescent boys and

irls increased from 7% to 81.7%. It was 7%, 14%, 52.2% and 83.5% had

nowledge on signs and symptoms, prevention, foods good for anemic

atient and foods rich in iron sources respectively during pre-test that

ncreased to 60%, 63.5%, 89.6% and 99.1% respectively during post-

est. Moreover, there is significant improvement in the positive attitude

 P < 0.05) in different aspects like preference of food, anti-helminthic

ablets, importance of regular assessment of hemoglobin, intake of iron

ablet and iron rich foods in anemic condition, at risk of anemia during

dolescent. Positive attitude towards preference of food and regular as-

essment of hemoglobin has increased from pre-test 34.8% to post-test

3% and 53% to 70.4%, respectively. However, the positive attitude in

spects of attitude like importance of iron rich foods in normal body con-

ition and need for prevention of anemia among adolescent girls were

oth increased, though McNemar tests of these two questions were not

ignificant ( Table 1 ). 

.3. Practice related findings 

Most of the students are non-vegetarian (55.7%). The consumption

f meat, fish and eggs increased from 65.6%, to 76.6%, 63.1% to 73.4%,

nd 92.3% to 100%, respectively. Similarly, the consumption of ragi,

aggery, green leafy vegetables and sprouted grains also increased dur-

ng pot-test ( Table 2 ). Moreover, frequency of the consumption of iron

ich foods has increased during post-test. Nearly one fifth of the stu-

ents had taken de-worming tablets in the pre-test which increased to

wo third in post-test. 
93 
. Discussion 

Adolescence age (10 ‒19 years) is the appropriate age to shape and

trengthen healthy habits and life style behaviors. The problem of

alnutrition especially due to micronutrients deficiency in developing

ountries encompasses a variety of deficiencies and health problems,

nemia being one of the most common problems in India. It is clear

rom the results that most of the children had poor knowledge, attitude

nd practices on anemia despite the fact that anemia is the common

roblem in this age group before the nutritional education interven-

ion. The reason may be due to the inadequate health and nutritional

wareness in this age group which enhances their cognition and ulti-

ately leads in healthful practices. This finding illustrates the necessity

f promotion of health and nutritional education in a continuous man-

er. This study shows that overall mean difference score on knowledge

as 11.362 ± 3.684 (51.6% of mean score) which clearly indicates the

mprovement on knowledge after the intervention. Studies conducted

n Belgaum and Dharwad district, India and Malaysia reported mean

ifference of 16.04, 10.73 and 18.3 respectively, which is similar to the

ndings as of present study. 6 , 8,9 Findings from this study are concurrent

ith other studies related to increase in the knowledge among children

fter intervention. 6,7 , 10 The reason could be attributed to the fact that

ll the studies are conducted among school children and standardized

utrition education program was conducted as an intervention before

he post-test. 

There was overall increase in positive attitude with decrease in mis-

onceptions after the intervention. Some of the misconceptions before

ntervention included a) it is not necessary to consume iron -rich foods

n normal body conditions and b) adolescents are not at risk of ado-

escents. These misconceptions were found to decrease after the inter-

ention. Major changes in positive attitude were found to be in pref-
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rence of food, preference to take anti-helminthic tablets twice a year,

mportance of regular assessment of hemoglobin, need of prevention of

nemia among adolescents and pregnant women in the present study.

tudy at Belgaum district, India showed the reduction on misconception

egarding jaggery (food rich in iron) and increases in positive attitude

hat anemia needs to be prevented among pregnant women after the in-

ervention which is similar to the findings of present study. 8 Moreover,

resent study showed marked increased consumption practices in ragi,

aggery, sprouted grains, and green leafy vegetables in both the groups

fter nutritional education which was similar to the findings of study at

elgaum district, India. 8 Since both the studies were from Belgaum, the

ame geographic location and cultural beliefs could be the reason that

ttributed for the similar results in both the studies. 

Overall, this study results illustrated nutritional education interven-

ion used in this study as effective program through improvement in

nowledge, positive attitude and correct practices at post-intervention

tage. The post test results were statistically significant than pre-test in

egard to both knowledge and attitude ( P < 0.05). Significant increment

n knowledge, positive attitude and practices were reported in other

tudies conducted with similar nutritional education program at differ-

nt places. 6,7 , 9 , 11 The results thus obtained in the knowledge, attitude

nd practices suggest that nutritional education to children is an effec-

ive method for increasing awareness and establishing healthy practices.

. Conclusion 

The study shows that nutritional education intervention has resulted

n significant improvement in the knowledge, development of the pos-

tive attitude, and healthy practices regarding anemia after the inter-

ention. The knowledge on anemia was found low before intervention

hough it is common problem in the adolescent age. However, after the

ntervention significant improvement in knowledge by 50% and atti-

ude by 20% was observed. Also, children improved in correct practice

f using iron rich foods. Despite these improvements, there are lot of

cope of replicating such kinds of intervention repeatedly for behavior

hange to attain sustainable and long-lasting effects. Therefore, study

oncludes nutrition educational intervention as one of the cost-effective

nd sustainable programs which can be incorporated to school curricu-

um for enhancing the horizon of program. This time proven effective

utritional educational intervention of school children in their life shap-

ng years not only progress their knowledge and widen positive attitude

ut also helps in sustaining healthy practices. 
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Original Article

IntRoductIon

Since its emergence in December 2019, SARS-CoV-2, the 
virus that causes coronavirus disease 2019 (COVID-19), 
has taken a tremendous toll globally; as of February 28, 
2021, there have been over 110 million cases and 2.5 
million deaths worldwide from COVID-19. Although most 
COVID-19 deaths occur among older adults and persons with 
chronic comorbid medical conditions, deaths have occurred 
in persons of all ages. Moreover, the pandemic has caused 
widespread morbidity and necessitated control measures that 
have devastated economies worldwide. In response to the 
pandemic, the global efforts to develop multiple vaccines 
to protect against COVID-19 disease have been unrivalled 
in the history of public health. By the end of 2020, three 

COVID-19 vaccines have received emergency use approval/
listing.[1]

COVID-19 vaccines have been rolled out recently in several 
parts of the world. Although the protective efficacy is frequently 
discussed, little is known about the real-world postvaccination 
experience outside of clinical trial conditions.[2] Effective 
vaccines against COVID-19 are urgently needed to control 
the global pandemic. More than 280 candidate vaccines are in 
development worldwide, 23 of which are already in phase 3 
trials using different platforms.[3] COVID-19 vaccination will 
help protect from getting COVID-19. One may experience 
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some side effects, which is indictive of body’s reaction. These 
side effects may affect one’s ability to do daily activities, but 
they should go away in a few days. Some people have no side 
effects.[4] Knowledge about what to expect after vaccination 
will help educate the public, dispel misinformation, and reduce 
vaccine hesitancy.[1] Common side effects on the arm are pain, 
redness, and swelling and other symptoms throughout the 
rest of your body are tiredness, headache, muscle pain, chills, 
fever, and nausea.

COVID vaccination with any of the approved vaccination has 
shown to protect from infections, severe disease, and decreased 
risk of mortality. However, some minor symptoms are common 
after vaccination. Although serious adverse events are very 
rare, the fear of postvaccination symptoms could be responsible 
for initial vaccine hesitancy among public. Hence, the study 
was planned to assess the immediate response to the first and 
second dose of COVID-19 vaccine and to study the spectrum 
of postvaccination symptom profile for individuals’ vaccines.

mateRIals and metHods

A cross-sectional study was performed from July 1, to 
July 30, 2021 among Belagavi inhabitants who received 
COVID-19 vaccines, regardless of their nationalities, 
ethnicities, occupations, and places of residence. Adults 
(18 years and older) were asked to take part in a self-administered 
online survey (generated in Google Forms) that was circulated 
via social media platforms (WhatsApp) and electronic mail.

The primary objective of this cross-sectional study was 
to assess the immediate response to the first and second 
dose of COVID-19 vaccine and to study the spectrum of 
postvaccination symptom profile for individuals’ vaccines. 
Questions were formatted in binary manner to the extent 
possible, with descriptive features added to the section 
on symptom profile. The data presented in the study were 
exclusively obtained through the online survey. People who 
had taken first and both doses of vaccines are included. The 
ethical clearance was obtained from the institutional ethical 
committee. The data were analyzed using SPSS version 20.00. 
The data were entered in Microsoft Excel and analyzed using 
SPSS version 20.00. Descriptive Statistics were used to assess 
the baseline data. All quantitative variables were presented in 
frequency and percentages and mean. Continuous variables 
were expressed as mean (standard deviation) and categorical 
variables were expressed frequency and percentage. For the 
comparison of categorical variables, Chi-square test was used. 
P < 0.05 was considered statistically significant.

Results

A total of 610 people responded to the survey over a 1-month 
period from July 1, to July 31, [Table 1]. Majority (29%) of 
respondents belonged to the 20–30 years’ age group, followed 
by 30–40 years’ age group (24%). Their mean age was 
39 years. The respondents were predominantly males (82%) 
and belonging to urban area (57%). Almost 57% of respondents 

had taken Covishield, whereas the rest of the participants 
had received Covaxin. Among the respondents, 33.4% were 
government employee and 23% were students. About 53% of 
the people had taken the first and 47% had the second dose 
of vaccine.

The respondents reported postvaccination symptoms as 
follows: fever (56%), muscle pain (47%), headache (45%), 
redness (35%), tiredness (33%), itching (30%), joint 
pain (30%), and swelling (27%). Table 2 shows that among 
these prevalent symptoms, redness, swelling (96%); diarrhea 
(95%); giddiness, breathlessness, itching (94%); fever and 
headache (93%) were developed in less than 24 hours. 45% 
of study participants had health problems, majority 36% 
were hypertensive, 19% were diabetics, followed by 12% 
thyroid, and other health problems were reported in 28% of 
people. Out of 610 people, 421 (69%) participants had taken 
oral medication after vaccination to relieve the nonserious 
symptoms. Of these, 93% of participants had taken oral 
medication paracetamol tablet in home and 5% were 
hospitalized after vaccination with serious problem diarrhea, 
insomnia, and recovered.

Table 1: Demographic profile of participants taken 
coronavirus disease‑2019 vaccination (n=610)

Demographic profile Number of patients, n (%)
Age groups (years)

18-20 33 (5.41)
21-30 175 (28.69)
31-40 147 (24.10)
41-50 132 (21.64)
51-60 92 (15.08)
61+ 31 (5.08)
Mean age 38.54
SD age 13.19

Gender
Male 499 (81.80)
Female 111 (18.20)

Occupations
Business 41 (6.72)
Daily wages 11 (1.80)
Doctor 5 (0.82)
Engineer 7 (1.15)
Farmer 28 (4.59)
Government 
employee

268 (43.93)

Homemaker 45 (7.38)
Police 16 (2.62)
Private employee 27 (4.42)
Staff nurse 8 (1.31)
Student 129 (21.15)
Teacher 25 (4.10)

Area of residence
Rural 264 (43.28)
Urban 346 (56.72)
Total 610 (100.00)

SD: Standard deviation
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Prevalence of general side effects according to the age 
group
A total of 610 (69%) participants reported having at least one 
side effect following COVID-19 vaccine. The prevalence of 
side effects was higher (58%) in <40-year-old age group than 
the >40-year-old age group (42%). The most common side 
effect was fever (56%) and all the reported side effects were 
prevalent in the >40-year-old age group than the <40-year-old 
age group. A statistically significant association was observed 
between the first dose of COVID‑19 vaccine and gender of 
the participants (0.0024). Table 3 presents the association 
between dose of vaccine with various symptoms seen after 
post vaccination. It clearly shows that a significant reduction 
was observed in the prevalence in redness from first dose 
(39.5%) to second dose (31.6%) (P=0.0420), in itching from 
34.0% to 26.7%  with P=0.0490. But a significant changes 
in prevalence of fever from 47.9% to 63.6% with p=0.0001, 
headache changes from 32.9% to 57.4% with P=0.0001, muscle 
pain changes from 39.9% to 53.4% with P=0.0010, tenderness 
changes from 27.7% to 36.0% with P=0.0290, Breathlessness 
changes from 12.5% to 22.6% with P=0.0010, Joint pain 
changes from 25.6% to 35.0% with p=0.0120, anaphylactic 
reaction changes from 11.4% to 17.3% with P=0.0380, swollen 
lymph nodes changes from 13.5% to 19.8% with P=0.0370, 
giddiness changes from 18.7% to 27.9% with P=0.0080 and 
lastly, insomnia changes from 12.8% to 20.1% with p=0.0150 
in the study concern. It concludes clearly that, the prevalence 
in most and majority of symptoms significantly increased.

dIscussIon

In this community-based study in the Belagavi, we have 
investigated adverse effect rates following administration of 
the two COVID-19 vaccines that are frequently in use in the 

Karnataka. The mean age of the people vaccinated is 39 years. 
The prospective observational study in the UK also showed 
that the mean age of the participants was <40.3 years.[5]

Side effects were significantly more prevalent (82.3%) in men. 
Furthermore, our study showed that COVID-19 postvaccination 
adverse effects were higher in 58% in <40 years people 
compared to 42% in more than 40 years. The prospective 
observational study conducted in the UK reported that side 
effects were more prevalent in people aged <55 years compared 
to older than 55 years.[5]

The frequency of experiencing side effects following vaccine 
was more in those taking Covaxin compared to those receiving 
Covishield (89% vs. 78%). In contrast to this, Indian study 
showed that, people had taken Covishield (66% ) and Covaxin 
(53%) vaccine and experienced some adverse events following 
covid-19 vacciantion.[2] The differences between the present 
study and above-mentioned study could be due to differences 
in frequencies of different vaccines. In the present study, 43% 
of participants had taken Covaxin, whereas in the other study, 
only 3% of participants had taken Covaxin.

Overall, 83.4% of respondents reported at least one 
postvaccination symptom. The most prevalent symptoms were 
fever, muscle pain, headache, redness, tiredness, itching, joint 
pain, and swelling. Fever was most prevalent and swelling was 
less. The chance of having symptoms decreased with advancing 
age. The Indian study showed most prevalent postvaccination 
symptoms such as tiredness, myalgia, fever, headache, local 
pain at injection site, joint pain, nausea, and diarrhea. Among 
these, tiredness was more prevent and diarrhea was the least.[2]

In an Indian study, it is reported that frequency of symptoms 
was 81% in 20–29 years, followed by 80% (30–39 years) and 
7% (80–90 years), and 56% of the respondents were male and 
44% were female.[2] In the present study, major symptoms 
after COVID 19 vaccination such as swelling (96%), redness 
(96%), diarrhea (95%), and itching (94%) were developed 
within 24 hours of vaccination, the Indonesia study reported 
postvaccination side effects tiredness (66%), muscle pain 
(64%) headache (51%) developed in medical staff within 24 
hours and in nonmedical staff most common side effects were 
same tiredness (58%), muscle pain (65%) headache (38%) 
developed after 24 h of vaccination.[6]

Strength
Our data could be used to inform people on the likelihood of 
side effects on the basis of their age and sex and the type of 
vaccine being administered.

Limitation
Survey questions were in English, which might have posed 
some difficulty among those with limited proficiency in that 
language. There is a delay between vaccination and survey 
timing that may result in recall bias. The study evaluated only 
short-term adverse effects, and long-term surveillance in the 
general population will be required to investigate possible 
future effects. The importance of this survey of symptoms 

Table 2: Distribution of participants according to time of 
onset of symptoms following coronavirus disease‑2019 
vaccine

Side effects <24 h (%) >24 h (%) Total
Swelling 155 (96) 7 (4) 162
Redness 207 (96) 9 (4) 216
Itching 172 (94) 12 (7) 184
Fever 318 (93) 25 (7) 343
Headache 259 (93) 21 (7) 280
Muscle pain 261 (91) 26 (7) 287
Tiredness 262 (88) 36 (12) 298
Cough 136 (87) 20 (13) 156
Diarrhea 114 (95) 6 (5) 120
Nausea and vomiting 112 (91) 11 (9) 123
Breathlessness 102 (94) 7 (6) 109
Joint pain 169 (90) 18 (10) 187
Anaphylactic reaction 83 (93) 6 (7) 89
Swollen lymph nodes 97 (95) 5 (5) 102
Giddiness 135 (94) 9 (6) 144
Insomnia 92 (91) 9 (9) 101
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is this survey can pick up many smaller or minor adverse 
events which may not be reported as adverse events following 
immunization (AEFI). The frequency of these symptoms is 
much more than reported AEFIs.

conclusIon

The survey reported that short-term adverse effects of both 
vaccines are moderate in frequency, short lived, and developed 
several mild postvaccination symptoms. Adverse events are 
more frequently reported in younger individuals and men. 
The postvaccine symptoms both systemic and local often last 
1–2 days from the injection. These symptoms were consistent 
with an immune response commonly associated with vaccines. 
No serious events were reported. Nevertheless, follow-up after 
vaccination is needed to prevent immunologic responses that 
may occur in some people. Our data could be used to inform 
people on the likelihood of side effects on the basis of their age 
and sex and the type of vaccine being administered.
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ABSTRACT
Background: Most of the women who use alcohol and tobacco before pregnancy likely to use alcohol 
and tobacco during pregnancy. The objectives of this study was to describe alcohol and tobacco use, and 
to identify associated characteristics during preconception period.
Methods: The Indian National Family Health Survey-4 was used. A total of 65,238 preconception, young, 
married women were included and analysed usingbivariate and multivariate analyses statistical 
techniques.
Results: The data revealed that 4.3% of preconception women in India were using alcohol and tobacco. 
The prevalence of alcohol and tobacco use was higher among older women (5.6%), Scheduled Tribes 
(14.2%), living in rural areas (5.0%), non-educated (8.9%), poorest households (9.1%), northeast region 
(25.0%) and with a low body mass index (BMI) (6.2%). The adjusted odds ratios shown that after 
controlling for important background factors, being Hindu, from scheduled tribes, already having chil-
dren, being underweight, from poorest households and Northeast region had higher odds of alcohol and 
tobacco use compared to with their corresponding reference groups.
Conclusion: Findings suggest that preconception women of reproductive age who use alcohol and 
tobacco should be strongly encouraged and supported to quit alcohol and tobacco use before pregnancy 
for preventing adverse birth outcomes.
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Introduction

Alcohol and tobacco use in pregnant women have been linked to 
adverse health outcomes for mother and baby during pregnancy 
(Azuma & Chasnoff, 1993; Handler et al., 1991; Patel et al., 
2002). Alcohol and tobacco use has also been identified as 
a means for pregnant women to “cope with daily life” in an 
adverse environment where poverty and other social hazards 
exist (Gorski, 2008; Patel et al., 2002). Alcohol exposure during 
pregnancy has been identified as one of the main avoidable 
causes of birth defects and developmental disorders in offspring 
(Smith et al., 2015). A frequent form of alcohol and tobacco use 
has also been identified as associated with low weight gain 
during pregnancy (Davis, et al., 2011), diminished fetal growth 
(Harrison & Sidebottom, 2009) and premature deliveries (Smith 
et al., 2015). The Center for Disease Control and Prevention 
(CDC) reports that three out of four women consume alcoholic 
beverages while trying to get pregnant (Centers for Disease 
Control and Prevention, 2016).

Maternal alcohol consumption during pregnancy has 
been associated with a range of adverse outcomes such as 
development of fetus, spontaneous abortion, structural mal-
formations, pre and postnatal growth retardation, central 
nervous system damage, and neurodevelopmental abnorm-
alities (Buyse, 1990; Windham et al., 1997).

Data from 27 states in the US that participated in 
Pregnancy Risk Assessment Monitoring System (PRAMS) 
in 2002 indicated that 47.5% of women drank alcohol 

during the 3 months before pregnancy and 5.6% of 
women drank during the last 3 months of pregnancy 
(D’Angel et al., 2007). Women who consumed five or 
more alcohol drinks on one occasion during the 3 months 
before conception were more likely to drink during the last 
3 months of pregnancy, according to PRAMS data from 
1996 to 1999 (Naimi et al., 2003).

The National Maternal and Infant Health Survey 
(NMIHS) was conducted by mail, telephone, or in-person 
with a nationally representative sample of women who had 
a live birth, fetal death, or infant death during 1988 
(Sanderson et al., 1998). Women were asked about alcohol 
use during the 3 months before they recognized that they 
were pregnant and from the time they recognized they were 
pregnant until delivery. Among NMIHS participants who 
had a live birth, 20.7% reported they used alcohol after they 
learned they were pregnant (Floyd et al., 1999).

For the current study, we analyzed data from the fourth 
round of the National Family Health Survey (NFHS-4). NFHS- 
4 collects information on alcohol use and different types of 
tobacco use among reproductive-age women. The NFHS-4, 
therefore, provides a unique opportunity to describe patterns 
of alcohol and tobacco use prior to conception using a large 
sample of the Indian population. The objectives of this study are 
to describe reported alcohol and tobacco use and to identify 
women characteristics associated with alcohol and tobacco use 
during the preconception period.
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Material and methods

Data source

The present study utilized the data from the national repre-
sentative cross-sectional fourth-round NFHS-4 conducted in 
2015–16 under the stewardship of the Ministry of Health and 
Family Welfare (MoHFW), Government of India. The survey 
provides information on population, health, and nutrition for 
all 36 states and union territories and also, for the first time, 
gave estimates for all 640 districts in order to enable corrective 
measures on the health front. The detailed methodology, with 
complete information on the survey design and data collection, 
was published in the survey report (IIPS, 2017).

Sample

A total 65,238 sample was included in the present study after 
applying inclusion criteria, such as women 15–35 years of age, 
parity 0–3, currently married and staying with husband/part-
ner, not undergone sterilization (women or her husband/part-
ner) and not using any contraceptive method for birth control, 
currently not pregnant, and not breastfeeding and had men-
struation during last 6 weeks.

Dependent variable

Alcohol and tobacco use among 15–35 years married women is 
used as a dependent variable in the analysis. Health investiga-
tors collected information of tobacco and alcohol consumption 
from reproductive women. Alcohol and tobacco use (Yes or 
No) defined if women consume any type of tobacco (smoke 
cigarettes, smoke pipe, use chewing tobacco, use snuff, smokes 
cigars, gutakha pan masala with tobacco, pan with tobacco, 
smoke others) and alcohol.

Independent variable

The variables included in the study were women age (15–19, 
20–24, 25–29, 30–35), educational level (no education, pri-
mary, secondary, and higher) and Body Mass Index (BMI) 
(normal, too thin for their height, overweight/obese). Finally, 
household factors were wealth Index (poorest and poorer, 
middle richer and richest), religion (Hindu and others), place 
of residence (rural and urban), caste (scheduled caste, sched-
uled tribe, other backward class, and others), total children ever 
born (0, 1–3) and anemia level (not anemic, severe, moderate, 
mild). Also included was Indian regions according to NFHS-4 
report (north, central, east, northeast, west, south) (IIPS, 2017).

Statistical analysis

Bivariate and multivariate logistic regression analyses were 
performed in IBM’s Statistical Package for the Social Sciences 
(SPSS) version-20.0. The bivariate analysis has been used to 
measure the association between the alcohol and tobacco use in 
preconception women by background characteristics. 
Multivariate analysis has been used for assessing the effect of 
individual background characteristics of women after control-
ling for remaining factors on alcohol and tobacco use. In case 

of categorical background characteristics, the choice of 
a reference group was guided by theoretical deliberations as 
well as the findings of bivariate analysis. For instance, for 
wealth Index, place of residence and religion, the reference 
categories are richest, urban and other religions respectively. 
We have used stepwise regression technique for selection of 
predictor variables from a list of possible explanatory variable 
in order to select only the important predictors.

Results

Table 1 presents the prevalence of alcohol and tobacco use 
among preconception women by background characteristics. 
About 6% of the women were reported alcohol and tobacco use 
in the 30–35 age group. However, younger (15–19 years) 
women have lower prevalence of alcohol and tobacco use 
(2.8%) than their counterparts. Rural (5.0%), non-educated 
(8.9%). Other religions (5.1%), Scheduled Tribe (14.2%), poor-
est wealth Index (9.1%), those with 1–3 children (4.7%) and 

Table 1. Prevalence of alcohol and tobacco use by background characteristics 
among preconception women in India, NFHS-2015-16.

Background characteristic % Total

Age group
15–19 2.8 7159
20–24 3.6 17072
25–29 4.2 19416
30–35 5.6 21591
Type of place of residence
Urban 3.1 19337
Rural 5.0 45901
Religion
Others 5.1 15832
Hindu 4.1 49406
Caste1
General 2.9 12807
SC 4.5 10850
ST 14.2 11763
OBC 2.9 26950
Highest educational level
No education 8.9 14272
Primary 7.3 7901
Secondary 2.9 34058
Higher 0.9 9007
Body Mass Index
Normal 4.3 38896
Too thin for their height 6.2 12408
Overweight/Obese 2.9 11722
Total Children ever born
0 3.8 26717
1–3 4.7 38521
Anemia level
Not anemic 3.8 31538
Severe 10.7 646
Moderate 5.7 7182
Mild 4.4 24284
Wealth Index
Richest 1.5 12398
Poorest 9.1 11859
Poorer 6.6 13300
Middle 3.9 13652
Richer 2.2 14029
Regions
North 2.4 10798
Central 6.6 16402
East 3.2 12746
Northeast 25.0 8434
West 3.7 6112
South 2.4 10746
India 4.3 65238
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those who were too thin for their height (6.2%) had a higher 
prevalence of alcohol and tobacco use compared with their 
counterparts. In India, prevalence of alcohol and tobacco use 
among preconception women was 4.3% and it varies by region. 
For instance, the Northeast region (25.0%) had a higher pre-
valence of alcohol and tobacco use than the North (2.4%), 
Central (6.6%), East (3.2%), West (3.7%) and South (2.4%) 
regions.

The results of Logistic Regression predicting the alcohol and 
tobacco use among preconception women in India presented 
in Table 2. Four models have been fitted sequentially in this 
estimation, with the aim of observing the effect of selected 
background factors on alcohol and tobacco use. The estimation 
started with a simple model where regions were regressed 
against alcohol and tobacco use. After that other remaining 
selected variable were added one by one. Model 1 indicated 
that region was significantly related to alcohol and tobacco use 
(p < .01). The likelihood of alcohol and tobacco use in 
Northeast was 26.32 times higher than the likelihood of alcohol 
and tobacco use in North region of India. Scheduled Tribe 

women were 3.26 times more likely to use alcohol and tobacco 
compared to general caste women (model 2). After controlling 
region and caste, not educated women were having higher 
chance of alcohol and tobacco use during preconception per-
iod (model-3). In model-4, all other variables were introduced 
and the corresponding odds ratios indicated the effect of dif-
ferent factors on alcohol and tobacco use. Moreover, the indi-
vidual effects of variables on alcohol and tobacco use found in 
earlier models were changed compared to model 4 because of 
controlling for all other variables.

Discussion

Some researchers have proposed that asking for help is 
a process of embedding in a personal social network, including 
a series of choices. The three main stages of seeking help are: 
(a) problem identification, (b) service selection and utilization, 
and (c) decision to seek help (Andersen, 1995). The process of 
seeking help through this is usually complicated by a variety of 
factors. These factors may include early pregnancy, low 

Table 2. Results of Logistic Regression analysis of the association between alcohol and tobacco use and socio-demographic factors, NFHS-2015-16.

Background characteristic
Modal 1 
OR (CI)

Modal 2 
OR (CI)

Modal 3 
OR (CI)

Modal 4 
OR (CI)

Regions
North® 1.00 1.00 1.00 1.00
Central 3.86*** (3.32, 4.48) 3.82*** (3.28, 4.44) 3.55*** (3.05, 4.13) 3.13*** (2.68, 3.65)
East 1.74*** (1.47, 2.05) 1.59*** (1.34, 1.88) 1.38*** (1.17, 1.64) 1.12*** (0.94, 1.33)
Northeast 26.32*** (22.76, 30.42) 14.82*** (12.76, 17.21) 16.78*** (14.43, 19.52) 15.22*** (13.05, 17.75)
West 1.95*** (1.61, 2.36) 1.83*** (1.51, 2.21) 1.96*** (1.62, 2.38) 1.78*** (1.46, 2.16)
South 1.67*** (1.4, 1.99) 1.79*** (1.5, 2.13) 2.08*** (1.75, 2.49) 1.9*** (1.59, 2.27)
Caste
General® 1.00 1.00 1.00
SC 1.4*** (1.24, 1.57) 1.18*** (1.04, 1.33) 1.12 (0.99, 1.27)
ST 3.26*** (2.96, 3.6) 2.71*** (2.45, 2.99) 2.55*** (2.31, 2.83)
OBC 0.89 (0.8, 0.99) 0.8*** (0.72, 0.89) 0.79*** (0.71, 0.89)
Highest educational level
Higher® 1.00 1.00
No education 4.79*** (4.12, 5.56) 3.38*** (2.87, 3.99)
Primary 3.68*** (3.14, 4.32) 2.95*** (2.49, 3.49)
Secondary 2.25*** (1.95, 2.59) 2.06*** (1.77, 2.39)
Wealth Index
Richest® 1.00
Poorest 2.58*** (2.2, 3.02)
Poorer 1.77*** (1.53, 2.06)
Middle 1.65*** (1.44, 1.91)
Richer 1.48*** (1.29, 1.69)
Age group
15–19® 1.00
20–24 1.27*** (1.1, 1.46)
25–29 1.68*** (1.46, 1.94)
30–35 2.17*** (1.88, 2.51)
Anemia level
Not anemic® 1.00
Severe 1.64*** (1.24, 2.15)
Moderate 1.22*** (1.09, 1.35)
Mild 1.01 (0.94, 1.08)
Body Mass Index
Normal® 1.00
Too thin for their height 1.26*** (1.16, 1.37)
Overweight/Obese 0.96 (0.88, 1.06)
Type of place of residence
Urban® 1.00
Rural 0.71*** (0.66, 0.78)
Total Children ever born
0® 1.00
≥1 0.92*** (0.85, 1)

Note: ® Reference, *** = p < 0.01 (Significance at 1%), OR = odds ratio, CI = Confidence interval
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education, relocation to new places, and unfamiliar environ-
ments. While the West advocates abstinence from alcohol and 
tobacco use among preconception women but no such policy 
exists for Indian women.

Our study found that higher prevalence of alcohol and 
tobacco use among Scheduled Tribe preconception women 
compared to other castes and national average. South Asian 
culture views alcohol and tobacco consumption as 
a masculine attribute, and disapproves of women’s consump-
tion (Obot & Room, 2005). This may be a sign of subjective 
norms and gender levels reflected in alcohol and tobacco use. 
Gender norms assume that men have a natural tendency to 
drink, while for women, alcohol and tobacco consumption is 
considered rebellious or stigmatized. Since popular cultural 
norms and beliefs posit that South Asian women do not 
consume alcohol and tobacco, compared with other risky 
behaviors, policy makers viewed that this behavior is 
a relatively unimportant public health problem for the female 
population. This gender prejudice did not permeate the tribal 
communities studied, which are female-dominated cultures. 
Contrasting mainstream society, the gender hierarchy in tri-
bal culture is revered, and older women maintain a superior 
position in decision-making and family matters. This could 
be another aspect contributing to the perception of alcohol 
and tobacco use as natural among tribal women (Bhasin, 
2007).

Ideal” cross-cultural research begins with “ local phe-
nomenological description.” Rather than assuming the nat-
ure of psychopathology from a culturally distant 
perspective, native accounts are essential to provide an 
understanding of it in the context of the local culture 
(Kleinman, 1977). Drawing lessons from social learning 
theories, norms, attitudes, expectations and beliefs are 
derived from the interaction with the cultural environment 
(Campbell & Oei, 2010). In tribal culture, women’s alcohol 
and tobacco use is a deeply ingrained process in society, in 
which the relationship of belonging is very important. The 
overall calculation of social exchange can configure patterns 
of drinking and smoking behavior. This is true whether the 
woman is pregnant or not.

Our study shown that prevalence of alcohol and tobacco 
use was 4.4% among preconception women in India. 
Previous studies, which found that alcohol and tobacco use 
was considered a strategy for coping with stressors and nega-
tive emotions, including those associated with pregnancy 
(Watt et al., 2014). Earlier research found that counseling 
reduced alcohol and tobacco use during pregnancy 
(Fulkerson et al., 2008). Similarly, in other parts of the 
world, enduring programs exist for the prevention of fetal 
alcohol syndrome (FAS) and other alcohol and tobacco use 
related birth defects (ARBDs); these programs can be mod-
ified and adapted to the local cultural context (Dotson et al., 
2003; McBride et al., 2012). The Maternal Health Program in 
the tribal population should be aware of this hidden but 
common phenomenon, which may have an impact on the 
undesirable outcome of the fetus. The study, we think, is 
useful for evidence-based policy making for alcohol and 
tobacco use prevention among preconception women in 
India.

Conclusion

There is an urgent need to intervene in preconception 
women and family members especially in Tribal areas 
because they perceive alcohol as part of their daily lives 
and therefore continue to use alcohol and tobacco during 
pregnancy. This practice can be attributed to the commu-
nity’s limited understanding of the adverse effects of alco-
hol and tobacco use on new-borns. The alcohol and 
tobacco use risk communication should be included for 
pre-conception women in the current reproductive, mater-
nal, new born and child health, adolescent programs 
(RMNCHA; Nag & Patra, 2014). Considering the complex 
dynamics of alcohol and tobacco use engraved in commu-
nity customs and traditions, wide community acceptance, 
and lack of local specific plans, it is recommended that the 
Village Health and Nutrition Day (VHND) can be used for 
community consultation for developing effective 
interventions.
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Abstract 

Aims and Objectives: It is very important for radiologists and surgeons to update knowledge of normal and 

variant hepatic morphology before diagnosing any hepatic diseases.  

Materials and Methods: 50 formalin fixed livers were utilized for studying the morphological variations of 

livers in the Department of Anatomy, J N Medical College, Belagavi.   

Results: In the present study, 20 livers were normal and 30 livers showed morphological variations, out of 

which 6 livers were with accessory lobes, 8 with accessory fissures, 6 with lingular process and 5 with 

diaphragmatic sulci.  

Conclusion: This study highlights the presence of morphological variations in the liver, whose knowledge is 

important for surgeons and radiologists 

 

Keywords: Morphology, variations, accessory, Fissure, sulci 
 

Introduction 

The liver is the largest wedge-shaped abdominal 

viscera, occupying upper abdominal cavity extending 

in right hypochondrium, epigastrium, and left 

hypochondrium till left lateral line. It weighs 2% of 

the body weight [1]. 

In this new generation, where diagnosis mainly 

depends on imaging techniques and minimally 

invasive approaches, it is very important for the 

radiologists and surgeons to have a detailed 

knowledge of anatomy and related variations of this 

organ. Anatomists witness variation of lobe and 

fissure of liver [2]. 

The current study was undertaken to study the 

morphology of cadaveric liver and analyze the 

incidence of anatomical variations of liver and its 

significance in clinical diagnosis. 

Material And Method:  

Present study was conducted on 50 livers obtained 

from formalin fixed cadavers, used for routine 

dissection classes of medical undergraduate students 

for 4 years in the Department of Anatomy, J N 

Medical College, Belagavi. Intact livers of above 20 

years of age and with normal anatomical features 

were included. Torn livers, livers adherent to other 

visceral organs, livers with surgical marks and livers 

of less than 20 years of age were excluded. Each 

specimen was studied for morphological variations. 

Livers were held in anatomical position to ease the 

better viewing of diaphragmatic and visceral 

surfaces. Each lobe of liver that is right lobe, left 
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lobe, caudate lobe and quadrate lobe was studied in 

detail for size, accessory fissures, accessory lobes and 

various impressions present on them. Details were 

noted in properly framed Proforma, later entered in 

specially prepared excel sheet for analysis of the 

data’s. Before starting the study, the ethical clearance 

was obtained from institutional ethical committee. 

Results And Observations: 

Different shapes of liver are seen in variable 

frequencies [Table 1].  

Table 1: Incidence of variation in the shape of 

liver 

Serial no Shapes 
Number of 

specimen 
Incidence 

1 Wedge 30 60% 

2 Irregular 8 16% 

3 Dome 5 10% 

4 
Large left 

lobe 
3 6% 

5 
Large right 

lobe 
4 8% 

 

Table 2: Incidence of variation in the weight of 

liver 

Serial no 

Range of 

weight 

(grams) 

Number of 

specimen 
Incidence 

1 Below 500 2 4% 

2 500-1000 10 20% 

3 1000-1500 30 60% 

4 1500-2000 5 10% 

5 
Above 

2000 
3 6% 

 

Variation in the morphological features of liver such 

as accessory fissure [Figure 1a], accessory lobes 

[Figure 1b], Lingular process [Figure 1c] and 

Diaphragmatic sulcus [Figure 1d] occur in various 

frequencies [Table 3].  

 

Table 3: Incidence of normal and variant livers 

Serial 

no. 

Morphological 

features 

Number 

of livers 
Incidence 

1 Normal liver 20 40% 

2 

Liver with 

accessory 

fissures 

8 16% 

3 
Liver with 

accessory lobes 
6 12% 

4 
Liver with 

lingular process 
6 12% 

5 

Liver with 

diaphragmatic 

sulci 

5 10% 

6 

Liver with deep 

renal 

impressions 

4 8% 

7 

IVC and 

caudate process 

extending to 

superior surface 

1 2% 

 

Table 4: Incidence of accessory fissures in various 

lobes of liver 

Lobe 
Accessory 

fissure 
Incidence 

Right lobe 2 4% 

Left lobe 1 2% 

Caudate lobe 3 6% 

Quadrate lobe 2 4% 

 

Table 5: Incidence of accessory lobes 

Lobe Accessory lobes Incidence 

Right 3 6% 

Left 1 2% 

Quadrate lobe 1 2% 

Caudate lobe 1 2% 
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In this study frequency of accessory fissures were 

seen more in caudate lobe [Table 4] and that of 

accessory lobes were seen more common in right 

lobe [Table 5]. All the tables given above are 

original. Fig. 1 is original and showing normal liver 

with morphological variations. 

 

Figure 1: Normal and Morphological variant 

livers 

Liver with Accessory fissure [Figure 1a], Liver with 

accessory lobes [Figure 1b], Liver with Lingular 

process [Figure 1c] and Liver with Diaphragmatic 

sulcus [Figure 1d] 

Discussion: 

Knowledge of morphological variations of liver is 

important for anatomists as well as for radiologists 

and surgeons. Gross abnormalities of liver are rare, 

despite of it’s complex development [3]. Variation in 

anatomy of human liver is classified into congenital 

and acquired. Congenital abnormalities are a) 

Absence of right/left lobe. b) partial atrophy of one 

lobe. c) presence of accessory lobes d) presence of 

accessory fissures [4]. Acquired are a)deep renal 

impressions and corset type constriction b)local 

inflammation of organ c)coastal organ with very 

small left lobe [5]. In the present study, we found 

20(40%) normal liver and 30(60%) liver has 

morphological variations [Table 3].  

In this study 30% of the liver had normal wedge 

shape and remaining 20% had variant shape [Table 1] 

which may be due developmental or acquired 

abnormalities. 

60% of liver had normal weight(1000-1500grams). 

24% of livers were with weight less than 1000grams. 

The reduced weight may be due to alcoholic liver 

disease, chronic hepatitis, auto-immune diseases or 

inherited diseases [6]. 16% of the liver are with 

weight above 1500grams. Increased weight or 

hepatomegaly may be due to fatty liver, portal 

hypertension, carcinoma of liver, metastatic cancer of 

other organs [7]. 

The variations in anatomy of human liver have been 

classified as congenital/acquired
[8]

.The inborn 

anomalies of liver can be divided into anomalies due 

to imperfect development and anomalies due to 

uncontrolled development. Imperfect development of 

left lobe of liver can lead to gastric pathology 

commonly the intestinal obstruction. The imperfect/ 

defective development of right lobe may remain 

quiescent or may advance into portal hypertension 
[9]

. 

The consequence of excessive/uncontrolled 

development of liver is the generation of accessory 

lobes which may lead to torsion [9]. 

Accessory lobes are composed of normal hepatic 

tissue, containing their own hepatic blood vessels and 

bile duct which are connected to rest of the liver [10]. 

The accessory lobes are also could be formed by 

displacement of primitive rudiment of 

organ/persistence of mesodermal septa during it”s 

proliferation [11]. In our present study, accessory 

lobes were found mainly in right lobe of 3 livers and 

left lobe and quadrate lobe of one liver each had 

accessory lobe. 

The causes of formation of accessory fissures can be 

multiple such as gastric volvulus/pathology, 

diaphragmatic hernia, portal hypertension, 

obstructive pulmonary diseases [6,12,13]. In present 

study, accessory fissures were seen 2 on right lobe, 2 

on left lobe, 4 on caudate lobe and 3 on quadrate 

lobe. These fissures are the major source of 

diagnostic errors during ultrasound/computed 

tomography. Any collection of fluid in these fissures 

may be mistaken for liver cyst, intrahepatic 
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hematoma or liver abscess which would require 

further radiological workup. Implantation of 

peritoneal disseminated tumor cells into these 

fissures may mimic intrahepatic focal lesion [14]. In 

case of abdominal trauma, direct palpation/imaging 

of sulcus prior to laparotomy may give false 

impression of liver laceration [15]. 

5 livers showed deep diaphragmatic 

impressions/sulci, normally due to pressure of ribs 

and diaphragm. These sulci result from uneven 

growth of hepatic parenchyma caused by resistance 

offered by different bundles of diaphragm muscles. 

Current radiological studies have assigned the 

formation of sulci to the presence of weak zones of 

hepatic parenchyma, depicted by portal fissures 

between adjoining sagittal portal territories [16]. 

Diaphragmatic sulci can be a principal indicator for 

forecasting of portal fissures. Hepatic veins and their 

tributaries pass through these sulci [17]. 

6 livers showed  lingular process/elongated left lobe 

with the normal right lobe. These lingular processes 

may be misdiagnosed as distention of splenic flexure 

of colon, gastroptosis, hydatid cyst or sarcoma of 

liver [18].  Patients with extended left lobe may 

present asymptomatically or with non-specific 

abdominal pain, pressure symptoms. Hence for 

diagnosis of such cases, imaging by 

ultrasonography/computed tomography is 

recommended. Knowledge of this anomaly help 

surgeons in planning biliary surgery/portosystemic 

anastomosis. 

3 livers show deep renal impressions/ Corset type 

constriction which may be due to perfusion defect or 

focal fatty infiltration [8]. 

Conclusion:  

This study lightens the knowledge of various 

morphological variations of liver, thus avoiding 

diagnostic error during interpretation by radiologists 

and surgeons. This awareness help to  avoid fatal or 

serious surgical complications and assist in planning 

appropriate approaches. 

Hence this study updates the knowledge of 

morphological variations among surgeons and 

radiologists. 
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ABSTRACT 
 

Aims:  The accurate prevalence and trend of distal radius fracture is not well documented in 
Maharashtra, India. This hospital based study amis to provide authentic incidence rates of this 
fracture and long term trend in elderly residents of Sindhudurg.  
Study Design: Department of Orthopaedics, Government District Hospital, Sindhudurg, 
Maharshtra, India, between 2000 to 2011. 
Methodology: All patients of distal radius fracture, above the age of 50 years treated by one 
surgeon at one hospital are included in this retrospective study, solely on the final diagnosis 
mentioned on case paper according to Frykman classification system. 
Results: There were 947 distal radius fractures, out of which 644 (66.1%) men. This study notifies 
the increased incidence of distal radius fracture in elderly men, than in women, contrary to the 
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western hemisphere literature. The incidence was highest in men between 51 to 70 years with 
almost linear rise up to the end of study period; with a relative risk of 2.2 (95% CI 2.1 to 2.6). A 
border line evidence of straight rise in women was seen at 71 to 80 years (p = 0.05) with a 
common odd ratio of 1.1 (95% CI 0.7 to 1.5). The age range 51 to 70 years showed homogeneity 
(p = 0.21) with 2.1 (95% CI 1.7 to 2.9). A definite increasing trend is observed, during rainy season 
of June to September months throughout the whole study period with rates as high as for both 
sexes, 423(43.4%) ( p>0.001 ) 
Conclusion: This long term study reported increasing trend in the incidence of distal radius 
fractures in both elderly men and women. The incidence was highest in 51 To 70 years age group 
with highest number of low energy falls. This will be of great help for the future benefit risk ratio of 
fragility distal radius fracture prevention efforts. 

 

 
Keywords: Distal radius fracture; trend; incidence; Sindhudurg; epidemiology; osteoporosis; fragility 

fracture. 

 
1. INTRODUCTION 
 
“Distal radius fractures are very common among 
older men and women with the lifetime risk of 
about 15%” [1]. “For reasons not fully 
understood, likely multifactorial, the incidence of 
this fracture is on increasing trend in the west”

 

[2]. “Fragmented orthopedic care and inadequate 
health facilities in interior rural India can make 
accounting for the true number of these distal 
radius fractures very difficult.  Associated with 
this, scanty published epidemiological studies on 
this fracture in Maharashtra, India are likely to 
underestimate comparatively the true incidence 
as against, typically quoted in the western 
literature”

 
[3]. “The elderly population is 

considered at high risk for this injury, often result 
from a fall and the contributing factor is 
osteoporosis in majority” [4]. “The elderly people 
sustaining this fracture suffer from number of 
complications including temporary alteration in 
their ability to function, to preclude independent 
living” [5]. “Following this, they often sometimes 
fail to regain full mobility, losing decline in some 
function permanently”.

 
[6]

 
 

 
“For the last four decades, distal radius fractures 
have also been shown to be a predictor of more 
serious subsequent fracture like commonest 
being hip fracture in elderly” [7]. “Hence 
understanding the epidemiology of this distal 
radius fracture can help the orthopedic surgeon 
to treat effectively fragility distal radius fracture 
and thus prevent further subsequent fractures” 
[8]. 
 
In this retrospective study it is aimed to present 
up to date fracture incidence data and long term 
trends in distal radius fracture of elderly 
population treated at Government District 

hospital, Sindhudurg between 2000 to 2011 are 
studied. 

 
2. MATERIALS AND METHODS 
 
Data analyzed in this study were obtained from 
Govt. District hospital treating distal radius 
fractures between 2000 to 2011, estimated to 
cover more than 90% of Sindhudurg population. 
Using the hospital outpatient, indoor and 
radiology records with operation theatre registers 
of all distal radius fracture patients with fracture 
characteristics as well as fracture treatment 
registered by the treating doctor above the age of 
50 years were identified. The selection of cases 
in this study was based solely on the final 
diagnosis mentioned on case paper, because it 
represents the condition to which the episode in 
hospital is most attributable. Radiography 
confirmed each diagnosis of distal radius 
fracture. Fractures were classified according to 
Frykman classification system. 
 
This Sindhudurg district is situated on the border 
between Maharashtra, Karnatak and Goa states. 
The distal radius fracture patients of 
neighbouring states are also being treated at this 
district hospital. But only patients of permanent 
residents of Sindhudurg, whose fractures have 
oecured in Sindhudurg are only registered in this 
study. 
 

The distal radius fracture rates were calculated 
for both men and women, expressed as the 
number of cases per 10,000 people per year by 
sex and age group. Population figures for each 
age group were obtained from District Collector, 
statistics department with census data of 
Maharashtra state Government [9]. The rates 
were standardized to population to adjust for any 
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differences that may have arisen from a change 
in the age structure of the population. These 
were derived from multiplying the age specific 
rates for each year by the population of each 10 
years age group in the standard population. To 
compute the total number of cases that would 
have been observed if the population structure in 
a given year of study was the same as that of 
standard population. Poisson regression 
modelling was used to test for the significance of 
the observed trends with the injury rate as the 
dependent variable. 
 

3. RESULTS 
 

Over the period 2000 to 2011 there were 974 
distal radius fractures in patients aged above 50 
years from Sindhudurg residents. There were 
644 (66.1%) men and women contributed 
330(33.9 %). 
 
The majority of distal radius fractures were due 
to low velocity trauma with outdoor and indoor 
falls. A simple fall was the most common cause 

of injury in 814(83.6%). The indoor fall occurred 
in 532 (65.4%) and fall outside home like on road 
public place in 282 (34.6%). A fall from height 
represented in 86 (8.8 %). A road traffic accident 
happened in 74(7.6%). 
 

The very high proportion of fall related distal 
radius fractures 814(83.6%) increased for both 
men and women significantly over the study 
period giving an odd ratio of  3.6(95% Cl 2.8 to 
4.5).This was more pronounced in women 
16(4.9%) in 2000 and 53(16.1%) in 2011 [Table-
1(A) and 1(B)], than in men 27(4.2%) in                      
2000, at the beginning and 84(13.1%) in 2011 at 
the end of study period [Table-2(A)and                    
2(B)]. 
 

Incidence per 10,000 person years, directly age 
adjusted to the population structure of 2001 & 
2011 Sindhudurg 51 years and above. 
 

The distal radius fractures per 10,000 population 
increased significantly in both men and women 
from 2000 to 2011 (Table 3). 

 
Table 1(A). Age specific incidence of distal radius fracture in women from 2000-2005 

 

Age in years 2000 2001 2002 2003 2004 2005 

51-60 5(31.3%) 7(41.2%) 5(29.4%) 6(27.3%) 7(41.2%) 8(34.8%) 
61-70 6(37.5%) 7(41.2%) 6(35.3%) 9(40.9%) 5(29.4%) 7(30.4%) 
71-80 2(12.5%) 3(17.6%) 4(23.5%) 5(22.7%) 3(17.6%) 4(17.4%) 
81-90 1(6.3%) 0(0.0%) 1(5.9%) 1(4.5%) 2(11.8%) 3(13.1%) 
91-100 2(12.5%) 0(0.0%) 1(5.9%) 1(4.5%) 0(0.0%) 1(4.3%) 
Above 100 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 
Total 16(4.9%) 17(5.2%) 17(5.2%) 22(6.7%) 17(5.2%) 23(6.9%) 

 
Table 1(B). Age specific incidence of distal radius fracture in women from 2006-2011 

 

Age in years 2006 2007 2008 2009 2010 2011 

51-60 7(26.9%) 10(35.7%) 9(25.7%) 10(27.8%) 8(20.0%) 12(22.6%) 
61-70 9(34.6%) 11(39.3%) 8(22.9%) 9(25.0%) 10(25.0%) 13(24.5%) 
71-80 6(23.1%) 5(17.6%) 7(20.0%) 8(22.2%) 9(22.5%) 11(20.8%) 
81-90 3(11.5%) 2(7.1%) 6(17.1%) 5(13.9%) 7(17.3%) 9(16.9%) 
91-100 0(0.0%) 0(0.0%) 5(14.3%) 4(11.1%) 6(15.0%) 7(13.2%) 
Above 100 1(3.8%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.9%) 
Total 26(7.9%) 28(8.5%) 35(10.6%) 36(10.9%) 40(12.1%) 53(16.1%) 

 
Table 2(A). Age specific incidence of distal radius fracture in men from 2000-2005 

 

Age in years 2000 2001 2002 2003 2004 2005 

51-60 9(33.3%) 11(33.3%) 10(29.4%) 13(31.7 %) 12(30.0 %) 16(30.2 %) 
61-70 11(40.7%) 12(36.4%) 14(41.2%) 15(36.6%) 16(40.0%) 17(32.1%) 
71-80 5(18.5%) 6(18.2%) 5(14.7%) 7(17.1%) 6(15.0%) 9(16.9%) 
81-90 1(3.7%) 3(9.1%) 4(11.8%) 4(9.8%) 5(12.5%) 6(11.3%) 
91-100 1(3.7%) 0(0.0%) 1(2.9%) 2(4.9%) 1(2.5%) 4(7.5%) 
Above 100 0(0.0%) 1(3.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.9%) 
Total 27(4.2%) 33(5.1%) 34(5.3%) 41(6.4%) 40(6.2 %) 53(8.2%) 
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Table 2(B). Age specific incidence of distal radius fracture in men from 2006-2011 
 

Age in years 2006 2007 2008 2009 2010 2011 

51-60 18(31.6 %) 21(34.4%) 18(27.7%) 21(28.0 %) 19(25.7%) 23(27.4%) 
61-70 21(36.8%) 20(32.8%) 26(40.0%) 22(29.3%) 21(28.4%) 24(28.6%) 
71-80 11(19.3%) 10(16.4 %) 12(18.5%) 14(18.6 %) 12(16.2 %) 16(19.1 %) 
81-90 5(8.8 %) 8(13.1%) 5(7.7%) 13(17.3%) 14(18.9%) 13(15.5%) 
91-100 2(3.5%) 2(3.3%) 4(6.2%) 5(6.6%) 7 (9.5%) 8(9.5%) 
Above 100 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.4%) 0(0.0%) 
Total 57(8.9 %) 61(9.5 %) 65(10.1%) 75(11.6%) 74(11.5%) 84(13.1 %) 

 
Table 3. Incidence of distal radius fractures in men and women of Sindhudurg from  2000 to 2011 

 

Sr. No. Year Men Women 

No. of fractures Population at risk 
in thousands 

Incidence per 
10,000 

No. of 
fractures 

Population at risk in 
thousands 

Incidence per 
10,000 

1 2000 27 416123 0.65 16 448242 0.36 
2 2001 33 417890 0.79 17 450935 0.38 
3 2002 34 420235 0.81 17 453466 0.37 
4 2003 41 421999 0.97 22 455369 0.48 
5 2004 40 423763 0.94 17 457272 0.37 
6 2005 53 425527 1.25 23 459176 0.50 
7 2006 57 427291 1.33 26 461079 0.56 
8 2007 61 429055 1.42 28 462982 0.60 
9 2008 65 430818 1.51 35 464886 0.75 
10 2009 75 432582 1.73 36 466789 0.77 
11 2010 74 434346 1.70 40 468693 0.85 
12 2011 84 417332 2.01 53 432319 1.23 
13 Total 644  330  
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Population at risk and number of distal radius 
fractures from 2000 to 2011. The annual  
incidence is calculated in age and sex groups for 
the total year. 
 
This was observed in all age groups, pronounced 
much more so in men of 51 to 70 years and 
women of 51 to 80 years age group. The highest 
increase was observed in men aged 51 to 70 
years 20(3.1%) /10000 population in 2000 to 
almost more than double 47(7.2%) / 10,000 
population in 2011 (p>0.0001) In this study the 
distal radius fracture were more commonly seen 
in rainy season  of June to September 280( 
43.5%) in men and 143( 43.3%) women than 
other months in the rest of the year (p>0.001) 
[Table-4(A)and 4(B)]. 
 
Age standardized hospitalised admission rates 
also increased significantly and were particularly 
notable in men rising from 27(4.2%) /10,000 
population in 2000 to 84(13.1%) / 10,000 
population in 2011. 
 
The average length of hospital stay for distal 
radius fractures increased sligtly but not 
significantly from 3.6 days in 2000 to 4.2 days in 
2011 (95% Cl 3.1 to 4.8) However, the total 
number of indoor admission days rose from 
154.8 days in 2000 to 575.4 days in 2011 (p 
>0.001). This reflects the observed increase in 
number of hospitalized distal radius fractures. 
 

4. DISCUSSION 
  
This study enlightens the increased incidence of 
distal radius fracture in elderly men, than that 
found in women, contrary to the western 
hemisphere literature to the opposite trend found 
in elderly population [10]. This gender difference 
is considered to be related to social living style 
and culture in Maharashtra, India [11]. The 
elderly women, being nurtured at home by dear 
near younger relatives, predominently in this 
district of rural Maharashtra who are staying at 
home in joint families, which is still exihisting in 
this region. The elderly active men are known to 
have a significantly greater risk of this injury than 
women, who move around and go out for day 
today routine house hold and agricultural work 
with increased physical activity levels. This 
difference is also not considered to be related to 
the impact of osteoporosis, as both men and 
women loose bone mass as a result of aging 
[12]. The rate of loss is quicker and much more 
pronounced in women [13]. A contributory factor 
from this study could be the overall higher 

incidence of falls in men who are actively working 
elderly males. Contrary to this study a large 
prospective study from the west conveys that the 
yearly incidence of falls in women was 40% 
compared to 28% in men [14]. In one of the 
largest study, the gender discrepancies occurred, 
approximately 4.88 times more in women [15]. 
This is in direct contrast to rate ratios, where 
women had a risk factor of around three times 
than of men [16]. They reported that the 
incidence of women increased rapidly from 50 
years and older almost doubling every ten years 
until 90 years of age.

 
A similar trend is seen, 

which took a closer look, breaking the age 
groups in to five year increments and found a 
similar trend, contrary to this study [17]. That is 
how, this establishes the age and gender                 
have a pronounced effect on the incidence rates 
of distal radius fractures in elderly community 
[18].   
 
This study showed a gradual increase in the 
hospitalized distal radius fractures for both men 
and women. A similar increase was observed in 
a long term study from west during 1971 to 1995 
[19] Another hospital based study had similar 
increase in this fracture over a period of 1993 to 
2003.[20]

 
Such similar comparisons could not be 

done from this region of Maharashtra, India due 
to lack of enough published material, on the 
epidemiology of distal radius fractures  in 
literature. This gradual increase suggests that 
the incidence of distal radius fracture is likely to 
be related to the aging population and might 
partly explain modest but statistically significant 
increase in age specific Sindhudurg district 
hospitalization rates[21]. It is worth noting that 
the difference in trend rates in both men and 
women above 80 years of age is very small in 
women compared to men. These very small 
counts are susceptible for higher fluctuation 
rates. The database from the same district 
Sindhudurg and from the same author and 
institute determined in, 2004  that 2.5% of all 
emergency department visits were due to distal 
radius fractures [22]. This study corresponds to a 
study showing that distal radius fractures also 
accounted for 2.5 % of all emergency department 
visits [23]. “Current and past clinical data point to 
a rise in the incidence of distal radius fractures 
for elderly populations in recent years”[24]. “This 
phenomenon has been a subject of debate for 
the last half century. The incidence in Sweden is 
almost doubled for elderly population over 40 
years of age”.[25] “From Rochester, Minnesota 
found 17% increase in the incidence of this injury 
over a 40 year period”[26].  
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Table 4(A). Distribution of distal radius fractures with seasonal variations per every month  of 
year (2000to 2011) From January To June 

 

Gender January February March April  May June 

Male 38(5.9%) 36(5.6%) 48(7.5%) 52(8.1%) 54(8.4%) 76(11.8%) 
Female 19(5.8%) 21(6.4%) 22(6.7%) 28(8.5%) 27(8.2%) 37(11.2%) 

 
Table-4(B). Distribution of distal radius fractures with seasonal variations per every month  of 

year (2000to 2011) From July To December 
 

Gender July August September October November December 

Male 84(13.0%) 62(9.6%) 58(9.0%) 44(6.8%) 53(8.2%) 39(6.1%) 
Female 44(13.3%) 32(9.7%) 30(9.1%) 24(7.3%) 25(7.6%) 21(6.4%) 

 
Thus lending further validity is established to the 
increase in distal radius fracture as a legitimate 
trend. Although there is no single factor 
responsible for this occurrence due to the 
absolute prevelence of distal radius fracture any 
individual contributing factor is bound to have 
confounding variables [27]. Additionally, as the 
population ages and older men from this 
Sindhudurg district who strive to remain active, 
fracture due to relatively minor trauma are likely 
to increase in forth coming years. This study data 
reveals the significant socioeconomic costs 
incurred as a direct result of this fragility fracture. 
Thus high lighting the importance of analysing 
the preventive measures and treatment 
protocols, including for osteoporosis who are at 
high risk for or suffer from this injury. 
 

Never the less the epidemiological data collected 
in this report has added to our knowledge of 
distal radius fractures in Sindhudurg, 
Maharashtra, Indian population. 
 

5. CONCLUSION 
 

This study found a modest increase in distal 
radius fractures above the age of 50 years, much 
more so in elderly men over a period of 2000 to 
2011 in Sindhudurg. This is likely to continiue in 
future imposing considerable burden on health 
care services.       
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Abstract

Original Article

IntRoductIon

Polycystic ovary syndrome (PCOS) accounts for up to 
7%–10% of prevalence globally and is the most common 
endocrine disorder found in the reproductive age group.[1,2] 
Menstrual irregularities, hyperandrogenism, hypertension, 
metabolic syndrome, insulin resistance, and endometrial 
hyperplasia are the most common symptoms among PCOS 
females.[3,4] More than 50% of women with PCOS are insulin 
resistant, and it is estimated that they have a 5–8 fold increased 
risk of type 2 diabetes mellitus (type 2 DM) when compared 
with age and weight-matched controls. Furthermore, many 
women show impaired glucose tolerance (IGT) and are at risk 
of developing type 2 DM.[5-7] In clinical practice, we have come 
across with two types of patients diagnosed with PCOS i.e., 
overweight and lean. To understand more about lean and obese 
PCOS patients, this study was planned to assess and compare 
their clinical, biochemical, and hormonal profiles.

Objective
The objective of this study is to study the clinical, biochemical, 
and hormonal profile of lean versus overweight patients newly 
diagnosed with PCOS.

mateRIals and metHods

This is a cross-sectional study conducted for 1 year in the 
Department of Endocrinology, at a tertiary care center. Written 
informed consent was taken from all patients involved in the 
study and institutional ethical clearance was obtained before 
the conduct of the study.

Background: Polycystic ovary syndrome (PCOS) is a common endocrine disorder having escalation in its prevalence. This study was 
planned to understand the clinical, biochemical, and hormonal profile of lean versus overweight patients diagnosed newly with PCOS. 
Materials and Methods: A cross-sectional study was conducted for 1 year in the Department of Endocrinology of a tertiary care hospital. 
A total of 50 female patients newly diagnosed to have PCOS by the Rotterdam criteria 2003 were enrolled for the study. Assessment 
of clinical characteristics, biochemical, and hormonal profile was done. Results: Fasting serum insulin levels and homeostasis model 
assessment-insulin resistance signifying insulin resistance were higher in overweight compared to the lean PCOS. Insulin resistance was 
present in 50% of lean PCOS and 82% of overweight PCOS. Glucose abnormalities were noted in 13.7% of lean PCOS and 32.2% of 
overweight PCOS. Conclusion: Obese women with PCOS have a higher risk of increased obesity, impaired glucose tolerance, and insulin 
resistance as compared to lean PCOS women.

Keywords: Homeostasis model assessment, insulin resistance, lean polycystic ovary syndrome, obese polycystic ovary syndrome
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Inclusion criteria
PCOS was diagnosed using the Rotterdam 2003 criteria,[7] 
which defines PCOS as having two of the following 
oligoovulation or anovulation, clinical and or biochemical signs 
of hyperandrogenism or polycystic ovaries by ultrasonography

Exclusion criteria
1. Patients with known medical illnesses such as diabetes, 

impaired fasting glucose (IFG), IGT, or active thyroid disorder
2. Patients on medications such as corticosteroids, oral 

contraceptives, or metformin like drugs which could 
alter the endocrine and metabolic parameters under 
investigation

3. Patients with disorders namely, 21-hydroxylase-deficient 
nonclassic adrenal hyperplasia, thyroid dysfunction, 
hyperprolactinemia, neoplastic androgen secretion, 
drug-induced androgen excess, the syndromes of severe 
insulin resistance, Cushing’s syndrome, and glucocorticoid 
resistance.

Methods
1. Age was noted in the years
2. Body mass index (BMI) was calculated using Quetelet 

index. Internationally, a BMI over 25 kg/m2 is considered 
overweight. Due to the genetic tendency of Indians toward 
abdominal obesity and its associated risk of related 
lifestyle diseases such as diabetes and heart disease, 
guidelines for the diagnosis of obesity and abdominal 
obesity for India have been published in JAPI that a 
BMI over 23 kg/m2 is considered overweight.[8] Further 
definitions: Normal BMI: 18.0–22.9 kg/m2, overweight: 
23.0–24.9 kg/m2, and obesity: >25 kg/m2 [Figure I]

3. Waist circumference (WC) was measured in a standing 
position midway between the lower costal margin and the 
iliac crest. Blood pressure was calculated as the mean of 
two manual sphygmomanometer readings with the patient 
in a seated position

4. Clinical characteristics were evaluated through 
physical examination and detailed menstrual history, 
measurements of anthropometric variables, and 
calculating modified Ferriman-Gallwey score

5. Biochemical parameters: An oral glucose tolerance 
test (OGTT) 75 g was performed, with venous blood 
samples taken at fasting and 2 h after the glucose load 
for glucose measurement. Normal glucose tolerance, IGT, 
and type 2 diabetes were defined using glucose levels 
during the OGTT, according to the criteria proposed 

Total of 78 patients by consecutive
sampling method were enrolled

for the period of one year

After screening 23 patients were
excluded after primary evaluation

as per exclusion criteria and
05 patients refused to participate

in the study

Total of 50 female patients newly
diagnosed to have PCOS by the

Rotterdam criteria
2003 were enrolled for the study 

Depending on Body Mass Index 8
BMI <23.5- Lean

BMI >23.5 - Overweight /Obese

Lean PCOS
Patients (n = 22)

Overweight PCOS
Patients (n = 28)

Figure I: Recruitment of Study Samples

Table 1: Clinical Characteristics of lean versus 
overweight polycystic ovary syndrome

Particulars Lean PCOS 
(n=22)

Overweight 
PCOS 

(n=28)

P

Age (years) 23.45±4.17 24.5±4.20 0.385
BMI (kg/m2) 21.1091±1.03 26.20±2.79 0.002*
Waist circumference (cm) 76.54±5.42 90.32±7.44 0.01*
Systolic BP (mm Hg) 116±14.6 121.2±10.2 0.28
Diastolic BP (mm Hg) 74±9.9 81.7±8.3 0.13
FG score 8.59±7.60 5.78±5.17 0.128
Acanthosis, n (%) 6 (27.2) 15 (53.57) 0.02*
F/H/O DM, n (%) 8 (36) 18 (64) 0.003*
*P < 0.05 was considered as significant. FG: Ferriman-Gallwey, BMI: 
Body mass index, BP: Blood pressure, F/H/O: Family history of, DM: 
Diabetes mellitus, PCOS: Polycystic ovary syndrome

Table 2: Biochemical and hormonal profile of lean versus 
overweight patients

Particulars Lean PCOS 
(n=22)

Overweight 
PCOS 

(n=28)

P

Fasting blood glucose (mg/dL) 86.68±10.23 89.25±17.75 0.549
2 h blood glucose (mg/dL) 114.72±22.07 136.14±38.07 0.023*
Testosterone (ng/dL) 57.28±15.44 56.61±17.53 0.887
Fasting insulin (µIU/mL) 16.37±7.24 24.92±11.44 0.004*
HOMA-IR 2.04±0.84 3.11±1.44 0.004*
IR, n (%) 11 (50) 23 (82.14) 0.009*
*P < 0.05 was considered as significant. PCOS: Polycystic ovary syndrome, 
IR: Insulin resistance, HOMA-IR: Homeostatic model assessment-IR

Table 3: Categorization of glucose abnormalities in lean 
and overweight polycystic ovary syndrome

Category Lean PCOS 
(n=22), 

n (%)

Overweight 
PCOS (n=28), 

n (%)

P

DM 0 2 (7.1) 0.15
Impaired fasting glucose 1 (4.5) 1 (3.5) 0.44
Impaired glucose tolerance 2 (9.0) 6 (21.4) 0.02*
Normal 19 (86.3) 19 (67.8) 0.01
*P < 0.05 was considered as significant. DM: Diabetes mellitus, PCOS: 
Polycystic ovary syndrome
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by the World Health Organization. IFG was defined as 
fasting glucose levels between 100 mg/dl and 126 mg/dl 
and IGT as 2 h post glucose between 140 mg/dl and 
200 mg/dl. Diabetes was diagnosed based on fasting 
plasma glucose more than 126 mg/dl and 2 h plasma 
glucose more than 200 mg/dl

6. Plasma testosterone was assessed using a solid-phase, 
enzyme-labeled chemiluminescent immunometric assay

7. Insulin resistance and β cell function were determined 
by “homeostasis model assessment”[9] (HOMA) based on 
the formulas as mentioned below.
• H O M A - i n s u l i n  r e s i s t a n c e  ( H O M A - I R ) 

(μU/ml × mmol/dl) = Io × Go/22.5
• HOMA-% B = (20 × Io)/(Go − 3.5).

(I0-fasting plasma insulin [μU/ml] , G0-fasting plasma 
glucose [mmol/L])

An ideal normal-weight individual aged <35 years has a 
HOMA-IR of 1.0 mol × U/L2 and a HOMA-% B function.

Statistical analysis
Data are presented as mean + SD. The clinical hormonal, 
biochemical, and phenotype characteristics were tabulated 
into two groups and compared using the two-sample t-test. 
P < 0.05 was considered statistically significant. All data were 
analyzed with commercial software the IBM SPSS Statistics 
for Windows, Version 19.0. Armonk, NY, USA: IBM Corp. 
IBM Corp. Released 2010.

Results

The mean age group was comparable. BMI and WC were 
significantly higher in overweight as compared to lean PCOS. 
Acanthosis was significantly more in overweight compared 
to lean PCOS. The overweight PCOS patient has significant 
family history of diabetes mellitus [Table 1].

Fasting blood glucose was similar between the two groups. 
Overweight PCOS patient’s 2 h blood glucose was significantly 
higher. Fasting serum insulin levels and HOMA-IR signifying 
insulin resistance were higher in overweight compared to the 
lean PCOS. Insulin resistance was present in 50% of lean PCOS 
and 82% of overweight PCOS [Table 2].

Glucose abnormalities were noted in 13.7% of lean PCOS 
and 32.2% of overweight PCOS. IGT was significantly more 
common in overweight compared to lean PCOS women (21.4% 
vs. 9.0%). Significantly more number of lean PCOS women 
had normal glucose levels compared to the overweight (86.3% 
vs. 67.8%) [Table 3].

dIscussIon

In the present study, clinical features, biochemical, and 
hormonal profiles were on higher range in obese patients 
newly diagnosed with PCOS (P < 0.05). Various studies have 
documented the high prevalence of obesity in PCOS.[10-14] A 
study by Gambineri et al.[15] have reported 78% of the PCOS 

women were overweight with BMI, ≥25 kg/m2, and 73% were 
obese with BMI, ≥27 kg/m2. A battery of studies on Indian 
women with PCOS has also reported a higher mean of BMI 
ranging from 25 to 28 kg/m2.[16-19]

In our study, 68% of the PCOS women were insulin resistant 
as defined by HOMA IR >2. Attempts to quantitate the 
prevalence of insulin resistance in PCOS are limited by the 
methods used to determine insulin sensitivity. The prevalence 
rates of insulin resistance have been reported from 44% to 
70% using surrogate markers. Wijeyaratne et al., in their 
study have compared Asian PCOS women with Caucasian 
PCOS women and did find higher plasma insulin levels in 
Asians despite having equal plasma glucose levels.[20] In our 
study, insulin resistance was found in 50% of lean PCOS 
and 82% of overweight PCOS. Saxena et al. reported insulin 
resistance in 83.3% and 93.1% of lean and overweight PCOS, 
respectively. These high rates of insulin resistance in this study 
compared to our study maybe because of the different criteria 
used to define insulin resistance. The study by Gupta et al. 
has reported a higher insulin resistance between both obese 
and nonobese PCOS (44% and 36%) as compared to normal 
controls.[21] Saxena et al. used serum fasting and postprandial 
insulin levels to define insulin resistance rather than a more 
accurate index like HOMA IR. However, several studies have 
failed to demonstrate insulin resistance in lean women with 
PCOS using the highly sensitive euglycemic glucose clamp 
technique.[6] Some of these conflicting results can be accounted 
for by differences in the diagnostic criteria for PCOS that 
resulted in the inclusion of women with ovulatory cycles and 
hyperandrogenism who have minimal to absent evidence for 
insulin resistance.

In our study, about 21.4% of the obese PCOS patients had 
IGT. The study by Majumdar and Singh have reported a higher 
prevalence of IGT and type 2 DM in obese PCOS women with 
respect to lean ones. Legro et al. have reported 31% IGT and 
7.5% type 2 DM in the obese PCOS patients and 10.3% IGT 
and 1.5% DM in nonobese PCOS which was 3 times that of 
the general population.[22,23] PCOS women are at higher risk 
for IGT and eventually develop type 2 DM.

conclusIon

Although insulin resistance is inherent to overweight PCOS, it 
is also present in a significant number of lean PCOS patients. 
Hence, even patients with lean PCOS should be considered to 
be at risk for cardiovascular disease and merit screening for 
cardiometabolic risk with regular blood pressure monitoring 
and periodic OGTT and lipid profile.
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Abstract 
Background: Altered glycemic levels (HbA1c) can influence the healing process of diabetic 
foot ulcers (DFU), prevalent among type-2 Diabetes Mellitus (DM) patients. The objective of 
this study was to assess the rate of wound healing in DFU corresponding to HbA1c levels in 
type 2 diabetes individuals. 
Methodology: The present observational study was conducted in 90 DFU patients with 
single Wagner grades 1 or 2 foot ulcer. Depending on the HbA1c levels; Group 1:  < 7%, 
Group 2: 7-8% and Group 3:  > 8%. Photographs were taken using the Tissue Analytics 
software interface installed on an android smartphone, on day 0 and day 14. The software 
then calculated and yielded the length, width, and area of the ulcer. Culture and antibiotic 
sensitivity of foot ulcer was done. Chi-square test was used for group comparisons and 
p<0.05 was considered significant 
Results: The mean HbA1c level was 8.76±2.75% and the duration of DM was 118.87±83.52 
months in all the subjects. The range of DM duration was 0.08 to 30 years (Confidence 
Interval: 8.45 to 11.36). Among the subjects, 44.44% had ulcers for 1-4 weeks. A significant 
negative correlation (rho= -0.55) between HbA1c and rate of wound healing (p<0.0001) was 
observed using Spearman rank correlation. Wagner grade was significantly associated with 
group (p=0.001). Neuropathy, Peripheral Vascular Disease (PVD) and bacterial infection at 
the site was seen in 44.40%, 31.10% and 53.1% patients. 
Conclusion: The duration required for wound healing increased with rise in HbA1c.  
Keywords: Diabetic foot, foot ulcer, Glycated haemoglobin A, wound healing. 
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Introduction 

Diabetic Foot Ulcer (DFU) is one of the 
most common causes for hospitalization of 
a diabetic patient which could result in 
amputation if untreated.  In India, the onset 
of diabetes is observed at a young age and 
is associated with complications regardless 

of the duration of diabetic illness. [1] 
Complications of diabetes are divided into 
microvascular (diabetic neuropathy, 
nephropathy and retinopathy) and 
macrovascular (peripheral vascular 
diseases, coronary artery diseases and 
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stroke). [2] DFU patients have been 
observed to carry a risk of developing 
vasculopathy and neuropathy with a short 
duration of diabetes in India. [1] 
Worldwide DFU incidence is 9.1 to 26.1 
million per annum. [3] Foot ulcers can be 
averted by a frequent screening of high 
risk patients. An infection of the ulcer can 
be avoided by awareness, control of blood 
sugar level, removal of dead tissue from 
wound, progressive dressing, surgery and 
progressive treatment. [4,5] Risk factors 
associated with DFU are increasing age, 
female gender, peripheral neuropathy, 
peripheral arterial diseases, history of 
diabetes and elevated Glycated 
Hemoglobin (HbA1c). [6,7] Modality of 
DFU consists of debridement of infection, 
antibiotic treatment, subsequently accurate 
vascular reformation. A negative wound 
pressure therapy could be the appropriate 
treatment method for DFU.[8] Wagner 
grading system delineates the severity of 
ulcer, existence of gangrene or 
osteomyelitis. [9]  
Assessment of HbA1c in diabetic patients 
is advantageous over the routine blood 
glucose or Oral Glucose Tolerance Test 
(OGTT).[10,11] The benefits of HbA1c 
testing is that it does not require any prior 
preparation and it can be done at any time 
of a day. HbA1c provides an average 
glucose level for three months which is 
beneficial over repeated testing of blood 
glucose. Foot ulcer healing is delayed with 
elevated HbA1c, total cholesterol, 
triglycerides, and low-density lipoprotein 
(LDL) levels. Further HbA1c is a known 
reliable diagnostic tool for the prediction 
of DFU. [8,12] Body Mass Index (BMI) 
and HbA1c are two risk factors associated 
with diabetes and their raised levels can 
predict poor healing process of DFU. 
These two factors signify the restrain over 
the complications of diabetes. [1] Tissue 
analytic software assess the wound healing 
through an electronic health record (HER) 
plug-in, which is powered by Artificial 
Inelegancy (AI) software solution. The 
company recently adopted an interlinked 

platform with selected partners, that 
indicates the cutting-edge of wound care 
instruments, characterized with 
picturization and examine oxygenation of 
tissue under the skin, briefing of bioburden 
and prejudice the DFU.   
A paucity of studies regarding a 
compelling association between DFU and 
HbA1c level was observed.  It has been 
reported that inconsistent HbA1c levels of 
diabetic patients have a greater wound 
healing activity with a baseline control. 
[13,14] Moreover, after accommodating 
confounding factors, there has been no 
correlation between HbA1c level and 
healing of DFU. [14] Contradicting these 
outcomes there has been a strong 
association between elevated HbA1c and 
delay in the healing of DFU. [4,6,15]  
Hence, this  study proposed to assess the 
DFU healing rate and its association with 
corresponding HbA1c levels.  
Material and Methods 
This prospective observational study was 
conducted for one year from January 2017 
to December 2017 in the department of 
Surgery at a tertiary care hospital. Using 
Cohen’s convenience method with Effect 
size of 0.335, 80% power and 5% 
significance level, sample size was 
calculated and 90 DFU patients were 
enrolled in the study. Convenience method 
of sampling technique was applied for the 
sample selection. DFU patients who 
consented for the hospital stay for a 
minimum of 15 days, patients above 18 
years, 1 or 2 Wagner grades with single 
foot ulcer and only new cases of DFU, 
irrespective of their Diabetes mellitus 
duration were included in the study. 
Exclusion criteria of the study was Wagner 
grade strike 3 or more, foot ulcer with 
gangrene, osteomyelitis of foot, diabetic 
ketoacidosis, immunodeficiency states, 
hemoglobinopathies, autoimmune diseases 
like malignancy and patients receiving 
unconventional treatment for DFUs. The 
study was approved by Institutional ethical 
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committee and the informed consent was 
obtained from the study participants.  
Baseline characteristics of the cohort such 
as age, gender, duration of diabetes, 
history of hypertension and duration of 
foot ulcer was collected. During the 
clinical examination of patients Wagner 
grade, neuropathy, and Peripheral 
Vascular Disease (PVD) were recorded. 
[2.16,17] Ulcer characteristics such as 
shape, location, edge, margins, floor of 
ulcer were noted on – Day 0 (beginning of 
study) and Day 14 (end of study) were 
examined by a qualified General Surgeon. 
Diagnostic part of the study culture and 
antibiotic sensitivity of foot ulcer was 
conducted, for this wound discharge or 
deep tissue culture during debridement 
was carried out before inclusion into study. 
For the estimation of HbA1c level among 
DFU patients, 2 cc of blood sample was 
collected in an ethylenediamine tetra acetic 
acid (EDTA) anticoagulant tube and sent 
to the hospital laboratory. In the laboratory 
HbA1c level was measured by High 
Performance Liquid Chromatography 
(HPLC). [18] Depending on the HbA1c 
level of patients, they were categorised 
into three groups: the first group 
comprised of patients with less than 7%, 
the second group included patients with 7-
8% and in the third group, patients with 
HbA1c level greater than 8% were 
included.  
Photographs were taken using the Tissue 
Analytics software interface which was 
installed on an android smartphone. The 
photograph was taken after placing a green 
circle sticker of 1 cm2 area next to the 
wound (used as a scale) on Day 0 and Day 
14. The software, then calculated and 
produced the length, width, and area of the 
ulcer. 
The initial wound area on Day 0 (x) and 
the final wound area on Day 14 (y) were 
noted in all the three HbA1c groups 
(Figure-1). From this data the wound area 
reduction and rate of wound healing was 

calculated as follows: rate of wound 
healing or area reduction per day = x-y/15 
[18], where, x = wound area on D0, y = 
wound area on D14. All the data was 
collected from the patients and 
documented in Microsoft Excel sheets.  

 Wound dressing was done with normal 
saline daily for a period of 15 days and 
antibiotics were administered based on the 
wound culture and sensitivity report. All 
the patients were accompanied with insulin 
therapy during the hospital stay. 
Statistical analysis was done using R 3.6.1 
software. Descriptive analysis of the data 
was done using Excel sheet. Continuous 
variables were represented by mean ± 
standard deviation. Categorical variables 
were represented by frequency tables. 
Categorical variables were compared using 
Chi-square test and continuous variables 
between groups were compared using 
ANOVA. A p-value<0.05 was considered 
statistically significant. 
Results 
The mean age of the study subjects was 
56.4±11.41 years across the groups. By 
Chi-square test, gender was equally 
distributed across the groups (p=0.3928) 
and a male (74.44%) preponderance was 
noticed. The range of DM duration was 
0.08 to 30 years (95% Confidence Interval: 
8.45 to 11.36). HbA1c was significant 
among all the three HbA1c groups (p< 
0.0001). Using ANOVA, the mean 
duration of DM (in months) (p=0.5283), 
the duration of foot ulcer (p= 0.4265) and 
the site of ulcer (p=0.0506) were found to 
be insignificantly correlated between the 
three groups, whereas Wagner grade was 
significantly co-related with group 
(p=0.001). (Table-1) 
Using two-way ANOVA with interaction, 
the status of neuropathy did not 
significantly affect the rate of wound 
healing (p=0.3436). Effect of HbA1c 
levels on wound healing was not 
significantly different over the status of 
neuropathy (Group: Neuropathy 
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interaction; p=0.6610). The mean rate of 
wound healing significantly differed in at 
least 2 groups (p<0.0001). By ANOVA 
test, the presence of PVD did not 
significantly affect the rate of wound 
healing in the foot ulcer subjects 
(p=0.8934) and there was no significant 
interaction effect between PVD and Group 
(p=0.7147) (Table 2). Wound infection 
was reported in 53.1% of the study 
population. However, the presence of 

infection did not significantly affect the 
rate of wound healing (p=0.3930) and 
there was no significant interaction effect 
between Culture and the Groups 
(p=0.3261) (Table-2). 
A significant negative correlation (rho= -
0.55) between HbA1c and rate of wound 
healing among foot ulcer subjects 
(p<0.0001) was observed using Spearman 
rank correlation (Figure-2). 

Table 1: Association of the baseline characteristics between the groups. 

Factor Group I 
HbA1c < 
7% 

Group II 
HbA1c 7-8 
% 

Group III 
HbA1c >8 
% 

Total p- 
Value 

Age (in years) 55.93±12.77 56.5±10.55 56.77±11.19 56.4±11.41 0.96 

Age 
group 

≤30 1 (3.33%) 1 (3.33%) 0 (0%) 2 (2.22%) 0.4713 
31-40 1 (3.33%) 0 (0%) 4 (13.33%) 5 (5.56%) 
41-50 9 (30%) 8 (26.67%) 5 (16.67%) 22 (24.44%) 
51-60 9 (30%) 9 (30%) 8 (26.67%) 26 (28.89%) 
>60 10 (33.33%) 12 (40%) 13 (43.33%) 35 (38.89%) 

Gender 
Male 25 (83.33%) 21 (70%) 21 (70%) 67 (74.44%) 0.3928 
Female 5 (16.67%) 9 (30%) 9 (30%) 23 (25.56%) 

HbA1c (%) 6.49±0.39 7.6±0.29 12.2±2.01 8.76±2.75 
< 
0,0001* 

Duration of DM (in 
months) 105.4±83.16 121.77±88.32 129.43±79.88 118.87±83.52 

0.5283 

Duration 
of 
Diabetic 
mellitus 
category 
(in 
years) 

0-3 8 (26.67%) 7 (23.33%) 4 (13.33%) 19 (21.11%) 0.8371 
4-8 10 (33.33%) 8 (26.67%) 8 (26.67%) 26 (28.89%) 
9-13 3 (10%) 5 (16.67%) 9 (30%) 17 (18.89%) 
14-18 6 (20%) 5 (16.67%) 5 (16.67%) 16 (17.78%) 
19-23 2 (6.67%) 3 (10%) 3 (10%) 8 (8.89%) 
≥24 1 (3.33%) 2 (6.67%) 1 (3.33%) 4 (4.44%) 

Duration 
of Ulcer 

<1 week 11 (36.67%) 10 (33.33%) 7 (23.33%) 28 (31.11%) 0.4265 
1- 4 weeks 15 (50%) 11 (36.67%) 14 (46.67%) 40 (44.44%) 
>4 weeks 4 (13.33%) 9 (30%) 9 (30%) 22 (24.44%) 

HTN 
Yes 15 (50%) 14 (46.67%) 14 (46.67%) 43 (47.78%)  0.9564 
No 15 (50%) 16 (53.33%) 16 (53.33%) 47 (52.22%) 

Site of 
foot 
ulcer 

PLANTAR 14 (46.67%) 12 (40%) 21 (70%) 47 (52.22%) 0.0506 

DORSUM 16 (53.33%) 18 (60%) 9 (30%) 43 (47.78%) 
Wagner 
grade 

1 16 (53.33%) 13 (43.33%) 8 (26.67%) 37 (41.11%) 0.001* 
2 14 (46.67%) 17 (56.67%) 22 (73.33%) 53 (58.89%) 

HTN: Hypertension, *p< 0.05 is Significant 
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Table 2: Comparison of risk factors across the groups. 

Risk factors Group I Group II Group III Total p-value 

NEUROPATHY 
Yes 10 (33.33%) 14 (46.67%) 16 (53.33%) 40 (44.44%) 0.6610 

No 20 (66.67%) 16 (53.33%) 14 (46.67%) 50 (55.56%) 

PVD 
Yes 7 (23.33%) 13 (43.33%) 8 (26.67%) 28 (31.11%) 0.7147 
No 23 (76.67%) 17 (56.67%) 22 (73.33%) 62 (68.89%) 

CULTURE 
Yes 10 (33.33%) 16 (53.33%) 22 (73.33%) 48 (53.33%) 0.3261 
No 20 (66.67%) 14 (46.67%) 8 (26.67%) 42 (46.67%) 

PVD: Peripheral Vascular Disease 
 

 
Figure 1: Clinical photographs of ulcer on Day 0 (left hand side) and Day 14 (right hand 

side) 
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Figure 2: Correlation between HbA1c and rate of wound healing 

 
Discussion 
Glycemic control is impacted by the foot 
ulcer healing process and the severity of 
diabetes.  Duration of the wound healing 
corresponds to HbA1c level.[6] Old age, 
peripheral arterial disease, neuropathy, 
female gender, long duration of diabetes 
and increased HbA1c levels influence 
DFU. [7] HbA1c level indicates the 
severity of diabetes, and subsequently it 
represents the  risk of incidence of DFU. 
Additionally, increased HbA1c level is 
accompanied by partial and slow healing 
of DFU. [12] However, an Indian study 
reported that the DFU was observed 
among younger age group with a short 
duration of type-2 diabetes mellitus. This 
study reported that, the mean age of all 
participants was quite low when compared 
to studies conducted by Christman et al., 
and Xiang et al. [13,19] This study 
reported that there was a male 
predominance as compared to the female 
patients which was in line with studies 
conducted by Xiang et al., and Kumar et 
al. [1,13] A delay and incomplete healing 
of foot ulcer was associated with elevated 
HbA1c level in diabetic patients. HbA1c 

levels regulates the incidence of DFU and 
it can be used as a diagnostic tool to 
monitor severity of diabetes and its 
associated complications. [6,12] One more 
study reported that, DFU healing rate was 
efficient in the HbA1c level 7-8% group 
with well controlled compared to less than 
7% and above 8%.[13] The mean HbA1c 
levels for the first-two groups was slightly 
higher than Christman et al., study and the 
total mean of three groups in this study 
was quite lower than the Younis et al., 
study.[7,19] Further, the duration of DM 
was lower than the Xiang et al., and 
Fesseha et al., studies for the first-two 
groups and for the mean of all subjects, 
respectively. [13,14] The duration of foot 
ulcer in Xiang et al., study for all the 
groups of HbA1c levels was more than 4 
weeks, where as in our study only 13-30% 
of study population had a history of foot 
ulcer for more than 4 weeks in all the 
groups of HbA1c level including the total 
number of subjects. [13] In our study, 
when the baseline HbA1c was studied in 
relation to the duration of the ulcer (in 
weeks), an interesting correlation was 
found. The number of patients with DFU 
at 1-4 weeks was comparable in Group 
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1(n=15; 50%) and Group 3 (n=14; 
46.67%). When the wound healing was 
assessed at 4 weeks, Group 1(n=4; 
13.33%) and Group 2 and 3(n=9; 30%) 
were observed indicating a fewer patients 
in Group 1 than Group 2 and 3.  The 
effectiveness of  HbA1c as a prognostic 
tool in the wound healing of  DM is 
challenged with these proportionate 
results. The small size of the sample could 
be attributed to this commensurate result. 
Older studies have given conflicting views 
on this regard, which could possibly 
explain this observation. Fesseha et al., 
observed that the baseline HbA1c levels 
had no association with wound healing. 
[14] Guo and Dipietro explained the 
relationship between poor wound healing 
and hyperglycaemic subjects. [19] The 
state of hyperglycaemia could possibly 
lead to the accumulation of oxidative 
stress and release reactive oxygen species. 
Murine studies have concluded that the 
end products of glycation could deteriorate 
wound healing. [20] Hypertensive DFU 
patients were lower in this study as 
compared to Xiang et al.,  and Fesseha et 
al., studies for all the groups of HbA1c 
levels and the group of healing status, 
respectively. [13,14] 
Tissue analytics provides softer solution 
which consists of AI to develop good 
quality data from clinical images 
automatically and objectively. The 
software has advantages of data 
availability, security, compliance, 
management, enhances favourable 
outcomes and is cost effective.  [21] In 
Younis et al., study, patients with dorsal 
foot ulcer were less than the present study 
and patients with planter foot ulcers were 
more. [7] In our study, Wagner grade 2 
patients’ percentage was greater than 
Xiang et al., and Kumar et al., studies for 
all the classes of HbA1c and the total 
number of patients. [1,13] For Wagner 
grade 1, the number of patients were lower 
in our study as compared to Kumar et al., 
study. [1] The patients of neuropathy with 
ulcer were higher in Younis et al.,  and 

Dhatariya et al., studies compared to our 
study. [6,7] In Fesseha et al., study, the 
total number of patients with PVD was 
slightly higher than our study. [14] There 
is a need to educate the diabetic patient 
about DFU, importance of hygiene, self-
assessment of foot temperature, usage of 
proper footwear, and good diabetes 
control. [4] 

This study re-validated the findings that 
there was a negative correlation between 
HbA1c level and the severity of DFU 
among diabetic patients. HbA1c level was 
significant with the study groups (p< 
0.0001). Wound culture was positive in 
two groups of HbA1c and with the total 
number of patients. In all the three groups, 
more prominent strains of bacteria found 
were Streptococcus pyrogens, 
Staphylococcus, Escherichia Coli (E-coli), 
Methicillin Resistant Staphylococcus 
Aureus (MRSA) and Pseudomonas.  
Limitations of this study was the absence 
of a long-term follow-up of foot ulcer 
patients as it was restricted to hospital stay 
of 15 days. Additionally, the identification 
of bacterial growth from ulcer and their 
sensitivity to antibiotics was not pursued. 
Conclusion 
HbA1c is the routine diagnostic tool to 
monitor the known type 2 DM patients, 
and the same was used to assess the rate of 
wound healing among DFU patients in this 
study. The study concluded that the 
HbA1c was a good indicator for wound 
healing process of DFU.  
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A B S T R A C T

Introduction: Music used by students during studying should help them.
Objectives: To assess the effect of instrumental, background music on concentration and working memory
in 1st -year medical students.
Materials and Methods: 60-girls and 60-boys of 1st -year MBBS, were randomised into music and
control groups equally. Concentration was assessed using 3 different forms of SDMT as pre-test, during
music/control session and post-test using total, correct and error score. For assessing working memory,
Rey-Ostherrieth-complex-figure-test was used. (significant p value<0.05).
Results: Music group showed significant improvement in correct (p=0.02) and total (p=0.029) scores
during post-test while errors reduced (p=0.002). For ROCF, recall was better in music group compared
to controls but the values were not statistically significant (p=0.223).
Conclusion: Performance improves with repetition of a specified task; the improvement can be enhanced
by associating it with background instrumental music. Performance is best seen at the end of music session
showing that, music can increase the required arousal to an optimal level. Instrumental music does not seem
to have an influence on working memory, it does not hamper it. Students can be advised to use instrumental
music, preferably of raga Malkauns, in background while studying which will help them concentrate better
and will not hamper their retention.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Researchers have found high anxiety levels in medical
students which are related either to academic or
psychosocial factors. In fact, levels of stress are much
higher among 1st year medical students compared to other
years. Some amount of stress is needed for learning, called
“favourable stress,” but too much or chronic stress can
affect mental and physical health causing poor academic
and clinical performances.1 A stroll around the college

* Corresponding author.
E-mail address: shantala.herlekar@gmail.com (S. S. Herlekar).

library, and we can see many students with earplugs in their
ear while studying, probably to cope with stress. Music can
act as an efficient coping strategy as it is easily available,
affordable and mobile. But how much it actually helps
them to relax and to concentrate varies at individual level.
Previous studies have shown mixed observations.2,3

The mixed observations are probably because the type
of Music used in different studies are variable either in
type, rhythm, tempo, being vocal or only instrumental, self-
chosen, etc. Also, its use in “visual-spatial constructional
ability” is sparse. Previous research shows slow paced
rhythms and tempos, like that of classical music can lead
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to diverting the thoughts in a more positive direction
similar to the actions of yoga or meditation.4 Also vocal
component of music was seen to be more disrupting than
pure instrumental.5 Hence we used classical instrumental
music of raga Malkauns. This raga is believed to have been
created by goddess Parvati (the wife of Shiva) to calm
Shiva’s Tandav. Malkauns is a serious, meditative raga, and
is developed mostly in the lower octave (mandra saptak) and
in a slow tempo (vilambit laya).

Thus, the objective of this study was to assess the
effect of classical instrumental, background music on
concentration and working memory in first year medical
students, both of which are required for generating good
long term memory.

2. Materials and Methods

Ethical clearance was obtained from all concerned
authorities and written informed consent was taken from
all students before conducting the study. Using opaque
sealed sampling, an RCT was conducted for 1 year in
research laboratory of the Department of Physiology, J.
N. Medical College, Belgaum, Karnataka, India, on 120
students studying in Phase-I MBBS. Study was conducted
during working days (except Saturdays and Sundays)
between 4pm to 6pm.

2.1. Exclusion criteria

Students with a history of headaches, migraine, hearing
impairments, history of drug abuse, smokers, alcoholics,
and suffering from cognitive disorders were excluded from
the study.

2.2. Sample size

Based on the pilot study conducted, the effect size was 20.
Minimum of 30 students were selected with ά error = 0.05
and β error = 0.2.

2.3. Test/music group

60 medical students in music group with equal number of
girls and boys.

2.4. Control group

60 medical students in control group with equal number of
girls and boys.

2.4.1. Music used for intervention
Classical instrumental music consisting of flute, raga
Malkauns, by Hariprasad Chaurasia from the album
“Ragas” was used. Music was played for 30 min. Player
used was Mitashi DVD player, with Zebronics over the
ears headphones. The volume was kept at a comfortably

constant level for all the subjects. The room was maintained
at minimum noise.

2.4.2. Test used to assess concentration: Symbol digit
modality testing (SDMT)6

This test is used to assess concentration ability by divided
attention, visual scanning, tracking, and motor speed. Each
sheet consists of 8 lines with 15 symbols in each line
and contains a box below each symbol to fill in the
corresponding number. A “coding key” is provided at the
top of the page which consists of “9 abstract symbols” each
paired with a number from 1-9. The student is asked to
scan the key and write down the number corresponding to
each symbol, as rapidly as possible. Once the test form
was placed before the student, 90 seconds were allowed to
complete the trial.

Three forms different from each other in symbols were
used

1. Form A – used during pre-test for both groups.
2. Form B – used during exposure to music/control.
3. Form C – used during post-test for both groups.

Interpretation of SDMT: Scores are considered for three
outcomes. i.e CORRECT score, ERROR score and TOTAL
score.

2.4.3. Test used to assess working memory: Rey-Osterrieth
complex figure test (ROCF)7,8

The purpose of this test is to assess working memory by
visual-spatial constructional ability and visual memory. The
materials consist of blank pieces of paper and the Rey-
Osterrieth figure. The measures of performance derived are

1. A copy score (which reflects the accuracy of the
original).

2. A recall score (accuracy of figure recalled to that of
original).

The task is essentially an incidental learning test. There
is no warning of the memory component until the subject
is asked to recall the figure from memory. There are no
significant differences between dominant and non-dominant
hand performance on the copy portion of the task.

1. Copy: Subjects were allowed to copy within maximum
of 5 min. After the drawing is completed, it is removed
from sight along with the stimulus card.

2. Recall: After a delay filled with other task (in our
study, a concentration test was given: SDMT form B),
a clean sheet of paper was provided and the students
were told to recall the figure.

3. Scoring: The figure is broken down into 18 elements
and scored in the range of 0.5 and 2.0 points
are awarded for each element, depending on the
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accuracy, distortion, and location of its reproduction.
Thus, maximum score can be 36 indicating the best
performance.

2.5. Study design

Table 1: Showing study protocol

Pre-test Symbol Digit Modality Test (SDMT) Form A
Tests done
with
music/in
controls

After 5min Rey Osterrieth Complex
Figure Test (ROCF) - Copy

After 15min Symbol Digit Modality Test
(SDMT) Form B

After 25min Rey Osterrieth Complex
Figure Test (ROCF) - Recall

Post-test Symbol Digit Modality Test (SDMT) Form C

Table 1 shows study protocol. Pre-test done in all 120
subjects, during music / non-music sessions, SDMT was
used for concentration and ROCF for working memory.
Post-test was done in all 120 subjects without music.

Pre-test and post-test was done without music in both
groups, while memory test (ROCF) and SDMT form B was
done with background music in music group and with no
music in control group. ROCF-copy was done 5 minutes
of playing music/rest, SDMT after 15minutes of music/rest
and ROCF-recall after 25 minutes/rest.

3. Results

Results of SDMT test used for divided attention.

Table 2: DMT scores in Music and Control group

Test
parameter

Music group Control
group

p-
value

Pre
test

Correct 56.5 ± 9.01 54.4 ± 7.68 0.156
Error 0.95 ± 1.32 0.86 ± 1.08 0.706
Total 57.5 ± 8.67 55.2 ± 7.55 0.129

With
music
/ rest

Correct 59.4 ± 9.49 58.8 ± 7.04 0.703
Error 0.75 ± 1.20 1.05 ± 1.89 0.302
Total 60.2 ± 9.35 59.9 ± 7.07 0.843

Post
test

Correct 66.1 ± 9.16 62.4 ± 7.91 0.020*
Error 0.45 ± 0.72 0.75 ± 1.27 0.115
Total 66.5 ± 8.96 63.1 ± 7.73 0.029*

* Statistically significant p-value. (< 0.05); Results of concentration

Illustrates mean + SD of SDMT concentration test in all
120 subjects during pre-test, music/non-music session and
post-test. Values are determined as correct, error and total
scores for each session. Unpaired students t test is used to
assess statistical significance.

Table 3 illustrates mean + SD of SDMT in music and
control group separately. Paired t test was used to assess
changes in values in pre and post SDMT test. Correct, error
and total scores were compared.

Table 3: SDMT- comparison of PRE and post test score in Music
and control group

Music group Control group
Pre and post test p-value p-value
Correct < 0.001* < 0.001*
Error 0.002* 0.264
Total < 0.001* < 0.001*

* Statistically significant p-value. (< 0.05)

Table 2 SDMT score was not statistically different
between music and control group in pre-test. Correct and
Total scores were better while errors reduced in music group
but were not statistically significant. In Post-test, Total
scores and Correct scores being higher in music group (66.1
± 9.16 and 66.5 ± 8.96 respectively) compared to control
group (62.4 ± 7.91 and 63.1 ± 7.73 respectively). Values
were statistically significant (p-value for Correct = 0.020*;
Total = 0.029).

Table 3 when paired t test was applied to pre and post
test scores of music and control groups, all the values were
significant except the error scores of control group p =
0.264. There was significant decline in error in music group
p = 0.002.

3.1. Results for ROCF test to assess working memory

Table 4: ROCF scores in Music and Control group (max score =
36)

Figure copy Figure recall
Music group 33.9 ± 2.69 24.5 ± 5.07
Control group 33.9 ± 2.36 23.3 ± 5.06
p-value 0.986 0.223

Table 4 determines copy score and recall score separately
in music and control group.

Table 4 there was no statistical difference between
the score for copying the figure in music and control
group (p=0.986). Figure recall was better in music group
compared to control group but the values were not
statistically significant (p=0.223).

4. Discussion

4.1. Concentration

SDMT was used to assess concentration by visual scanning
method. The baseline scores did not show any significant
difference between music and control groups while,
repetition of the test (done during and post exposure)
showed improvement in scores in both the groups, and
was significantly high in music group in post-test sessions.
These findings suggest that performance improves with
repetition of a task or training and can be further improved
when associated with soothing background music. These
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findings correspond to that of Savan A (1999).9 Also the
number of errors committed by the music group on repeated
tests were progressively lesser (and statistically significant)
compared to control group showing enhanced attention on
the concentration task performed.

Soothing music not only facilitates positive mood
enhancement, but also activates auditory cortex in the
temporal lobe and, can activate 18 different areas of
the brain when used while performing a specific task.10

The explanation they give is based on the working
memory model of Baddeley (1992)11 called “modality
effect” or”modality principle”. In his model, working
memory has two modality-specific slave systems: one for
processing visual and spatial information and one for
acoustic information. When information is presented in two
sensory modalities (visual and auditory) rather than one,
both slave systems are addressed and total working memory
capacity is increased. In other words “Individuals who
receive both auditory and visual information, both of which
are processed in different parts of brain, learn better than
those who use only resources involving visual system. Thus,
individual can perform two complex tasks with different
modalities at the same time”. Students in our study received
both auditory and visual information, which increased their
cognitive load and enhanced their performance. Our study
contradicts the findings of Johnson MB et al (2000)3 which
recorded better results in the no-music conditions probably
because of difference in the age group of the subjects used.

4.2. Working memory

ROCF was used to assess visual working memory. Test
scores showed no significant difference between music and
control group. Salame P and Baddeley (1989),12 in their
study showed that participants performed better in working
memory test when there was no music present rather than
with instrumental music. Banbury et.al (2001)13suggested
that any type of background music or auditory distractions
hamper memory, especially short term memory, called the
“irrelevant sound effect” (ISE).14

ISE is explained on the basis “phonological loop model”.
They explain that irrelevant sounds either interfere with the
passive store, holding verbal information in a phonological
code or weaken the associations between adjacent items
in the memory list.15 Previous studies have reported vocal
music to be more disruptive and instrumental music to
be beneficial (over silence) on recall of visually presented
verbal items such as digits, syllables, or words tasks.5,12,16

Steady state sounds have a minor effect or no effect at all.14

Our study supports the ISE and has shown that instrumental
music, which is continuous and rhythmic, has a minor effect
on memory component.15 Our study partly corresponds
to the reviews of Salame P and Baddeley12 but does not
support the finding that no-music group does better.

5. Conclusion

Thus, classical instrumental music is beneficial to students
as it can improve their concentration capacity (although no
beneficial effect is seen on recall capacity). Performance
improves with repetition or practicing a specified task, the
improvement can be further enhanced by associating it
with background instrumental music. Performance is best
seen at the end of music session showing that, music
can increase the required arousal to an optimal level.
Though instrumental soothing music does not seem to have
an influence on recall or working memory, it does not
hamper memory and, can be safely used in background
while solving memory tasks. Students, who use music
while studying, can be advised to use instrumental music
in background which can help them relieve their anxiety,
concentrate better and perform better. Also, it can be
constructively used between lectures to delay mental fatigue
in students.

6. Informed Consent

Written and well-informed consent was obtained from all
subjects at the beginning of the study.

6.1. Compliance with Ethical Standards

All experiments were conducted in accordance with the
guidelines for human ethics defined by Medical council
of India and were approved by the Ethical Committee for
human research by the institute of KLEs JNMC Belgaum.
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A B S T R A C T

Introduction: Menarche is the occurrence of first menstrual blood flow or menses in a female adolescent.
Nutritional status and socio-demographic status plays an important role in the attainment of menarche.
Girls with good nutritional status will get menarche in proper age compared to malnutrition girls and
overweight girls. Both excess nutritional intake and insufficient nutritional intake will greatly affect the age
at menarche.
Objectives: To determine the age at menarche and to find the nutritional profile of adolescent school girls
from selected government schools, Belagavi. It is to find an association between age at menarche and
nutritional profile, and socio-demographic factors.
Materials and Methods: Cross sectional study done in 116 adolescent girls of age group between 11-16
years in selected government schools in Belagavi. 15 schools were selected by simple random sampling
from each school 8 girls were selected using systematic random sampling. Data entry was done using the
Microsoft office tools and analysis was done using IBM SPSS 21.
Results: The average age at menarche was 12.4±1.0 years. The majority of the participants’ BMI was
normal, i.e., 56 (48.28%), and 53 (45.69%) participants were underweighted. 99 (85.3%) of the participants
are from an upper-middle-class family.
Conclusion: The present study concluded that the mean age at menarche was 12.4±1.0 years. There
was no significant association between menarcheal age and sociodemographic status or anthropometric
measurements, but there was an association between menarcheal age and body aches and nutritional status.
Good nutritional status declines the age at menarche.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Adolescence is a phase or a period of life where there
is a difference between being a child and becoming
an adult. This transition from childhood to adulthood
is adolescence.1,2 Adolescence is a phase of remarkable
growth. During this phase, 20% of height, 50% of weight
and 45% of body mass increase, and also red blood cell
increases in size. According to WHO and many other

* Corresponding author.
E-mail address: mangala2528@gmail.com (M. Belavaneki).

studies adolescents’ growth and development is closely
related to dietary intake and nutritional status.3 So, there
is a high demand for nutrients that is both macronutrients
like carbohydrates, proteins, fat and micro nutrients like
vitamins and minerals, during adolescence there will be
increasing need of nutrients compared to another life cycle
because it is a growing period.4 Adolescent growth and
development are mainly affected by nutritional status. An
adolescent who consumes more calories and protein will
tend to have early menarche which is further implicated in
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diseases.5

Menarche is a crucial time in a girl’s life that affects
the reproductive life health and well-being of women.6

Menstrual cycle is physiological changes, including the
secretion of oestrogens from the ovaries it is an important
indicator of women’s reproductive health.7,8 Menarche is
the occurrence of first menstrual blood flow or menses
in a female adolescent. When ovulation does not lead
to fertilisation, menstruation ensues. It happens every 28
days, by a cycle length ranging from 21 to 35 days,
most periods continue between 3 to 7 period, and also
in some girl’s menses last more than 10 days which is
considered abnormal.9 Early menarche is considered to be
more vulnerable to psychosocial, physical as well as mental
well-being problems like obesity, diabetes, risky sexual
behaviour and breast cancer. So, it is critical to be aware
of the variables which affect menarcheal age. These include
genetic, socioeconomic status, diet, exercise, education,
environment hereditary factor, psychological stress.10,11

Nutritional status and socio-demographic status become
an important role in the attainment of menarche. Girls
with good nutritional status will get menarche in proper
age compared to malnutrition girls and overweight girls.
In case of malnutrition in girls, the age of menarche
will be delayed because of improper or decrease calories,
protein and other micro and macro nutrients which then
impact on the gonadotrophin hormone. The energy need
of girls in the age of 10-19 years is 2050 to 2750kcal
as per RDA. Good nutrition will help in the formation of
gonadotrophin hormone and other hormones which affect
upcoming menarche. So, both excess nutritional intake
and insufficient nutritional intake will greatly affect the
condition of the body.12,13

According to the studies lower socio-demographic status
will delay the age of menarche, by this nutritional status
is also affected because of lack of nutrition and poor
knowledge about the food products. Because of low income
they are unable to buy the food products which are
essentially rich in vitamins and minerals which our body
needs during the reproductive life. Even the area of living
also matters because some areas will be far away from the
city or the town where grocery shops are not available where
they are living, because of difficulty in travelling they eat the
food which is available in that area.14–16

After nutrition and socioeconomic status next comes
BMI which is sensitive indicator which affects menarcheal
age. BMI has linked to early onset of puberty and
menarche. Early menarche was known to be a risk
factor for disease, such as obesity, metabolic syndrome,
cardiovascular disease, diabetes, breast cancer, as well
as increased risk of death from ischemic heart disease.
The health research community is paying attention to the
declining age of menarche. Early menarche causes the
epiphyseal plates to close prematurely, and as a result,

women who attain menarche at a young age have a shorter
final height than other women, as well as a higher risk
of cancers related to female hormones, such as breast
cancer and endometrial cancer, due to increased oestrogen
exposure.17

Hence, the current study is planned to find the menarche
age and how the nutritional status and socio-demographic
status will affect the menarche age in the adolescent girls of
selected government schools, Belagavi city, India.

2. Materials and Methods

2.1. Study design

A cross-sectional study.

2.2. Study area and period

This study was conducted at several schools of Belagavi
city, Karnataka. This study was conducted for a period of
12 months from April 2021 to April 2022.

2.3. Sample size

116.

2.4. Inclusion criteria

1. Adolescent girls of age between 12 to 16 years.
2. Girls who will give assent form and those girls whose

parents/guardian give consent was included in this
study.

2.5. Exclusion criteria

1. Girls with mental and physical disabilities were
excluded.

2. Girls who have not attained menarche.

2.6. Informed consent

Written Assent form was obtained from participants and
informed consent was obtained from Head Master.

2.7. Confidentiality

Superior care was taken to maintain the privacy and
confidentiality of the study participants.

2.8. Data collection tool

Self-administered questionnaire.

2.9. Data collection procedures

Ethical clearance was obtained from Institutional Ethical
Committee for Human Subject’s Research of J. N Medical
College. Fifteen Schools were chosen using a lottery system
and the Simple Random Sampling technique. Adolescent
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girls of age between 12- to 16-year-old were included
in research. Girls were selected from each school using
systematic random sampling by the formula. Participants
were allotted with numbers from that nth number of
participants was selected. Before data collection Principal of
respective schools was informed about the study, Informed
consent was obtained after informing all the subjects
about the study and assent form was collected from
the participants. Data collection was done by using pre-
designed semi-structured questionnaire.

2.10. Data analysis

The data collected was entered into M.S. Excel and checked
for its completeness, then coded and entered into the SPSS
software 21.0 version for analysis. The data analyzed was
expressed into percentage and mean. A chi-square test and
Fisher’s exact test was used to see the association between
age at menarche and nutritional status, socio-demographic
status, and BMI.

3. Results

Table 1 shows that mean age of menarche was 12.4±1.0
years.

Table 2 shows there was no association between age at
menarche and socio-demographic status (P value 0.05).

Table 3 shows that there was association between age
at menarche andmenarcheal characteristics i.e., body ache,
amount of blood flow, days of blood flow (P value 0.05).

Table 4 shows there was no association between age at
menarche and anthropometric measurements.

Table 5 shows that there was association between age
at menarche and nutritional status of participants. (P value
0.005 & 0.01) There was Pearson correlation between
energy, carbohydrate & fat.

Table 6 compares nutritional status of participants with
RDA, only carbohydrates was associated with RDA when
compared to other nutrients.

Table 1: Determination of age of menarche

Variable Mean Standard deviation
Menarcheal age 12.4 1.0

Among the study population, most of the participants
attained menarche in 12.4 years of age and standard
deviation was 1.0.

In the Table 2, socio-demographic factors were not
associated with age of menarche. Socio-demographic status
and age of menarche were statistically not significant (p
value 0.05).

In the Table 3, body ache, amount of blood flow, and days
of blood flow were associated with menarcheal age, while
other symptoms were not associated with menarcheal age.
(significant at the 0.05 level)

Table 2: Spearman correlation between age at menarche and
sociodemographic factors

Variable Correlation
Coefficient

(r)

p value

Occupation of the head of
the family

-0.130 0.163

Education of the head of the
family

0.031 0.745

Income of the head of the
family

-0.024 0.800

Kuppuswamy
socio-economic status scale
2021

-0.029 0.759

Birth order 0.125 0.180
Family type -0.132 0.158
Family size 0.050 0.597
No. of siblings 0.064 0.492
Religion 0.001 0.993

In the Table 4, it showed that there was no association
between menarcheal age and anthropometric measurements.

In the Table 5 correlation, nutritional status was
associated with the age of menarche. As it shows that energy
(0.05), carbohydrate (0.01), and iron (0.01) were significant
at the age of menarche and there was a Pearson correlation
between energy (Kcal), protein (g) and carbohydrate (g).
Nutritional status and menarche age both were statistically
significant factors (p values of 0.05, 0.01).

3.1. Association of nutritional status with RDA

In the Table 6, the majority of the participants’ nutritional
status was low. About 50% less nutritional status was seen
in participants when compared to RDA.

In the Table 7, when compared to RDA, only
carbohydrate was associated with menarcheal age (p value
0.05) and no other nutrients.

4. Discussion

Adolescence is a stage or era of life in which there is
a distinction between being a child and becoming an
adult. Adolescence is the transition from childhood to
adulthood. Adolescence is a period of rapid development.
Menstrual period is a major turning point in a girl’s life that
has an impact on her reproductive health and well-being.
Menarche occurs when a female adolescent experiences her
first menstrual blood flow, often known as menses. When
ovulation is not followed by fertilisation, menstruation
ensues. Menarche at a young age has been connected to an
increased risk of obesity, diabetes, risky sexual behaviour
and breast cancer, among other psychosocial, physical, and
mental health issues. As a result, it’s critical to understand
the elements that influence menarche age. The present study
was conducted among 116 school going girls aged 11 to
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Table 3: Association between age at menarche and menarche symptoms

Variables Menarche age Total number of
students

Fisher’s
Exact p value

8-11 11-13 >=13
Dysmenorrhea Yes 0 (0.0%) 24 (44.4%) 30 (55.6%) 54 (46.6%) 4.768 0.067

No 3 (4.8%) 35 (56.5%) 24 (38.7%) 62 (53.4%)
Irregular
cycle

Yes 1 (3.8%) 12 (46.2%) 13 (50.0%) 26 (22.4%) 0.856 0.632
No 2 (2.2%) 47 (52.2%) 41 (45.6%) 90 (77.6%)

Amount of
blood flow

Scanty 1 (12.5%) 2 (25.0%) 5 (62.5%) 8 (6.9%) 9.705 0.034*
Moderate 2 (2.2%) 53 (57.0%) 38 (40.9%) 93 (80.2%)

Heavy 0 (0.0%) 4 (26.7%) 11 (73.3%) 15 (12.9%)
Inter
menstrual
period

< 21 days 0 (0.0%) 5 (62.5%) 3 (37.5%) 8(6.9%) 2.44 0.655
21-35 days 3 (3.2%) 49 (52.1%) 42 (44.7%) 94 (81.0%)
> 35 days 0 (0.0%) 5 (35.7%) 9 (64.3%) 14 (12.1%)

Days of
blood flow

< 3 days 1 (16.7%) 0 (0.0%) 5 (83.3%) 6 (5.2%) 9.330 0.041*
3-5 days 2 (2.2%) 48 (53.3%) 40 (44.4%) 90 (77.6%)
> 5days 0 (0.0%) 11 (55.0%) 9 (45.0%) 20 (17.2%)

Number of
pads used

< 3 0 (0.0%) 1 (20.0%) 4 (80.0%) 5 (4.3%) 6.129 0.175
> 5 0 (0.0%) 3 (27.3%) 8 (72.7%) 11 (86.2%)

3 - 5 days 3 (3.0%) 55 (55.0%) 42 (42.0%) 100 (9.5%)

Body ache Yes 0 (0.0%) 29 (46.0%) 34 (54.0%) 63 (54.3%) 5.401 0.044*
No 3 (5.7%) 30 (56.6%) 20 (37.7%) 53 (45.7%)

Abdominal
pain

Yes 2 (2.4%) 40 (48.2%) 41 (49.4%) 83 (71.6%) 1.216 0.569
No 1 (3.0%) 19 (57.6%) 13 (39.4%) 33 (28.4%)

Irritability Yes 0 (0.0%) 23 (48.9%) 24 (51.1%) 47 (40.5%) 2.029 0.333
No 3 (4.3%) 36 (52.2%) 30 (43.5%) 69 (59.5%)

Physical
activity

Yes 1 (1.4%) 40 (54.8%) 32 (43.8%) 73 (62.9%) 2.120 0.346
No 2 (4.7%) 19 (44.2%) 22 (51.2%) 43 (37.1%)

Do you play
sports

Yes 1 (1.6%) 32 (51.6%) 29 (46.8%) 62 (53.4%) 0.595 0.829
No 2 (3.7%) 27 (50.0%) 25 (46.3%) 54 (46.6%)

*significant 0.05 level
# Fishers extract test

Table 4: Association between menarcheal age and anthropometric measurements

Variables Menarche age Total number of
students

Fisher’s
Exact p value

8-11 11-13 >=13

BMI

Underweight 1(1.9%) 28(52.8%) 24(45.3%) 53 (45.7%) 6.413 0.435
Normal 2(3.6%) 26(46.4%) 28(50.0%) 56 (48.3%)

Overweight 0(0.0%) 4(100.0%) 0(0.0%) 4 (3.5%)
Obesity 0(0.0%) 1(33.3%) 2(66.7%) 3 (2.6%)

Waist-hip ratio
Low 0 (0.0%) 16 (64.0%) 9 (36.0%) 25 (21.6%) 3.874 0.403

Normal 2 (4.3%) 24 (52.2%) 20 (43.5%) 46 (39.7%)
High 1 (2.2%) 19 (42.2%) 25 (55.6%) 45 (38.8%)

Body density
Low 0 (0.0%) 4 (66.7%) 2 (33.3%) 6 (5.2%) 1.734 0.794

Normal 3 (2.9%) 50 (49.0%) 49 (48.0%) 102 (87.9%)
High 0 (0.0%) 5 (62.5%) 3 (37.5%) 8 (6.9%)

Skin fold
thickness

Lean 2 (2.1%) 51 (53.7%) 42 (44.2%) 95 (81.9%) 3.786 0.469
Normal 1 (5.6%) 7 (38.9%) 10 (55.6%) 18 (15.5%)
Good 0 (0.0%) 1 (33.3%) 2 (66.7%) 3 (2.6%)

Percentage of
body fat

<18 0 (0.0%) 2 (50.0%) 2 (50.0%) 4 (3.4%) 2.553 0.706
18-22 2 (5.3%) 18 (47.4%) 18 (47.4%) 38 (32.8%)
>23 1 (1.4%) 39 (52.7%) 34 (45.9%) 74 (63.8%)
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Table 5: Association between age at menarche and nutritional status

Variable Correlation Coefficient (r) p value
Pulses 0.103 0.273
Milk and its products 0.180 0.053
Green leafy vegetable 0.180 0.056
Other vegetables 0.074 0.436
Roots and tubers -0.031 0.751
Fruits -0.047 0.618
Meat and meat products 0.094 0.315
Egg 0.069 0.462
Chicken 0.066 0.484
Fish 0.028 0.766
Sugar and jiggery 0.139 0.136
Fats and oils 0.139 0.136
Nuts 0.066 0.482
Energy (Kcal)# -0.204 0.028*
Protein (g)# -0.061 0.517
Carbohydrate (g)# -0.301 0.001**
Fat (g) -0.108 0.247
Calcium (mg) -0.066 0.482
Iron (mg) -0.253 0.006**
* Significant at 0.05 level
** significant at 0.01 level
# Pearson Correlation

Table 6: Comparison of energy, protein, calcium and iron with RDA

V ariables Menarche age Total number of
students8-11 11-13 >=13

Energy Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Protein Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Calcium Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Iron Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)

Table 7: Comparison of carbohydrate and fat with RDA

Variables Menarche age Total number of
students

Fisher’s
Exact p value8-11 11-13 >=13

Carbohydrate
Low

nutrients
1 (3.0%) 13 (39.4%) 19 (57.6%) 33 (28.4%) 9.034 0.032*

Normal
nutrients

2 (3.6%) 25 (45.5%) 28 (50.9%) 55 (47.4%)

Over
nutrients

0 (0.0%) 21 (75.0%) 7 (25.0%) 28 (24.1%)

Fat
Low

nutrients
3 (3.1%) 48 (49.0%) 47 (48.0%) 98 (84.5%) 3.353 0.817

Normal
nutrients

0 (0.0%) 10 (58.8%) 7 (41.2%) 17 (14.7%)

Over
nutrients

0 (0.0%) 1 (100.0%) 0 (0.0%) 1 (0.9%)
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16 years to determine the age at menarche and to find the
age at menarche is associated with nutrition and socio-
demographic status of individuals.

4.1. Correlation between menarcheal age,
socio-demographic and economic position

In the present study, the majority of the participants were
in the age group of 13-14 years. Most of the participants
were from Hindu families (86.2%), while participants were
from Muslim families (8.6%) and Christian families (5.2%).
Nuclear families account for 77.6% of all participants, while
joint families are less common. 80% of the participants
belong to small families with 3-5 members. Most of the
participants (85.3%) fall into the upper lower class socio-
economic class. This showed that there was no association
with age at menarche and sociodemographic status. These
findings are different from a study conducted in Madhya
Pradesh which showed the socio-demographic status of
the participants, 93.3% of adolescent girls belonged to the
Hindu community. Most girls (61%) come from nuclear
family. The family size of most girls (50%) was small, with
3-5 members.6

In the present study, most of the girls
attained menarche in lower socio-economic status.
The average age at menarche was 12.1±1.19.
The remaining participants’ mean age at menarche was also
similar, because this study was conducted in government
schools. It shows that there was no association between age
at menarche and socioeconomic status. A study conducted
among 350 adolescent girls in Kerala showed higher
socioeconomic status attained early menarche compared to
lower socioeconomic status.15

4.2. Age at menarche

Most of the participants attained menarche in 12.4±1.0
years. Menarche occurred in 17 (14.0%) of the girls between
10–11 years of age, 98 (84.45%) of the girls between 12–14
years of age, and 1 (0.86%) of the girls between 15–17 years
of age, with the minimum and maximum ages of menarche
being 10.0 and 15 years. These findings are more or less
similar to a study conducted in Kerala, where the majority
(60.9%) reached menarche between the ages of 11 and 13
years. The average age of menarche was 12.1±1.19 years.
The minimum and maximum age of menarche were 8 years,
10 months, and 16 years, 1 month.15 The average age of
menarche was 12.87±1.17 years.18 It shows that there is a
declining trend in the age at menarche.

4.3. Association between anthropometric measurements
and age at menarche

In the present study, 45.6%, 48.2%, 3.4%, and 2.9%
were underweight, normal weight, overweight, and obese,
respectively. This study showed that there was no

association with age at menarche and BMI (p value-
0.121). This is similar to a study conducted in Mangalore,
which also showed no association with age at menarche
and BMI. A study conducted among 400 schoolgirls in
the northwest of Iran showed that there was a positive
correlation between age at menarche and BMI.18 There
was one more study conducted in two schools in Lahore,
concluded that there was an association between age at
menarche and BMI, menarcheal age falls as one’s BMI
rises. There was no association between anthropometric
measurements and menstrual age. This inverse relationship
has been demonstrated.17

4.4. Association between menarcheal age and
nutritional status

In the present study, non-vegetarian participants were more
prone to being overweight compared to vegetarians, and
there was no correlation between menarcheal age and
dietary pattern. This was similar to study conducted within
Madhya Pradesh between the age groups of 19 and 25,
but it showed non-vegetarians were more prone to being
overweight compared to vegetarians.6

In the present study, energy, carbohydrates, and iron
were significant (p values 0.05 and 0.01). They showed
that nutritional status was strongly correlated with age at
menarche; the higher the nutritional status, the lower the
age at menarche. This was similar to a study conducted
among 250 female adolescents in South Delhi, where it was
also shown that nutritional status was associated with age
at menarche.13 But when nutritional status was compared
with RDA, the majority of the participants fall underweight
because of low calories, low protein, low fat, low calcium,
and low iron, and only carbohydrate daily needs were
normal in participants when compared to RDA. Most of
the participants were anaemic in this study because of low
nutritional requirements, especially iron.

4.5. Association between menarcheal age and
menarche characteristics

In this study, body ache was strongly associated with
menarcheal age when compared to other symptoms, and
the amount of blood flow and days of blood
flow were also associated with menarcheal age. A
similar study was conducted in Nigeria among
450 adolescent girls. This showed that dysmenorrhea
was associated with menarcheal age.

5. Limitation

The study’s key drawbacks were that it was conducted only
in government schools with a limited sample group, so it
was only true in these observations, but it could be different
in the urban population. This was a questionnaire-based
study, so the results were solely dependent on the subjects’
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responses. However, we should have double-checked with
their parents. I was unable to complete it.

6. Recomendations

1. There was a need for information about menstruation,
especially before the onset of menarche.

2. Mothers should be encouraged to discuss this with
their daughters before reaching menarche to dispel the
anxiety associated with menarche.

3. Facts about menstruation and its physiology.
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Introduction
Over the past four decades, the prevalence of 
hypertension, obesity, metabolic syndrome, diabetes, 
and kidney disease, has drastically increased. In parallel 
to the dramatic rise in the prevalence of these diseases, 
a similar increase in the consumption of fructose has 
occurred.[1] Overconsumption of fructose, particularly in 
the form of soft drinks, is increasingly recognized as a 
public health concern, while fructose is a simple sugar 
that exists naturally in fruits and vegetables. The majority 
of dietary fructose comes from two sweeteners, sucrose 
and high-fructose corn syrup, which are commonly used 
in manufactured foods and beverages. Animal studies 
have shown a clear relationship between sugar intake 
and the development of increased heart rate (HR) and 
hypertension, elevated plasma triglycerides, insulin 
resistance, hyperinsulinemia, development of cardiac 
hypertrophy, and reduced baroreceptor sensitivity.[2-4] 

Ingestion of glucose increases cardiac output (CO) 
without change in blood pressure (BP) and reduces 
total peripheral resistance (TPR), and fructose ingestion 
increases HR, BP, and CO but without compensatory 
reduction in TPR, which leads to cardiovascular diseases 

Cardiac autonomic reactivity to acute ingestion of 
glucose and fructose in healthy subjects
Savitri Sidddanagoudra, Shantala Herlekar1, Ashwini Doyizode2, Pooja Hittalamani3

ABSTRACT
Context: Excess intake of fructose in the form of soft drinks and corn syrup is increasing and considered as an interest of community 
health. The effects on the cardiovascular system due to acute intake of these sugars have not well‑studied in humans. Animal 
studies show a clear relation between ingestion of simple sugar and pathogenesis of hypertension and metabolic disorders. Ingestion 
of glucose increases cardiac output (CO) without change in blood pressure (BP) and reduces total peripheral resistance (TPR). 
Fructose increases heart rate (HR), BP, and CO without reduction in TPR. Aims: This study aimed to evaluate the cardiac autonomic 
reactivity by HR variability (HRV) of basal and after ingestion of water, glucose, and fructose. Settings and Design: Randomized 
crossover study. Subjects and Methods: The study included 30 healthy both‑gender subjects of age 18–24 years. In three separate 
sessions, HRV responses to one of the three test drinks were measured. (1) plain water, (2) 60 g glucose, and (3) 60 g fructose. 
Each drink is made up of 500 ml solution by addition of water. Statistical Analysis Used: Analysis was performed by two‑way 
ANOVA. Results: Fructose ingestion showed decreased RR interval (RRI) (696.8 ± 102.7), increased Low frequency power (LF)/
High frequency power (HF) (0.94 ± 0.2) compared to glucose (RRI: 747.0 ± 75.1, LF/HF: 0.89 ± 0.3) and water (RRI: 877.1 ± 107.0, 
LF/HF: 0.84 ± 0.1). Conclusions: Acute consumption of these simple sugars may result in different cardiac autonomic responses, 
fructose stimulating decreased vagal response.

Key words: Heart rate variability, simple sugars, sympathovagal response
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such as hypertension, cardiomyopathy, and cardiac 
failure.[5]

Based on this, few human studies have shown that 
fructose may cause a variety of metabolic effects, such 
as lactic acidosis, lipogenesis, hypertriglyceridemia, 
liver injury, high BP, insulin resistance, and increased 
weight gain.[6]

Water drinking activates the autonomic nervous 
system (ANS) and induces acute hemodynamic changes 
such as an increase in HR and TPR. Water drinking 
simultaneously increases sympathetic vasoconstrictor 
activity and cardiacvagal tone.[7]

The last two decades have witnessed the recognition 
of a signif icant relationship between the ANS 
and cardiovascular mortality, including sudden 
cardiac death. Furthermore, experimental evidence 
showed an association between propensity for lethal 
arrhythmias and signs of either increased sympathetic 
or reduced vagal activity had spurred efforts for the 
development of quantitative markers of autonomic 
activity.[8] These cardiac autonomic changes are not 
well studied in humans using HR variability (HRV) 
after acute ingestion of these two simple sugars. HRV 
represents one of the most promising markers being 
noninvasive, can detect early disturbances in cardiac 
ANS. By this study, its simple to detect risk factors 
and further prevent many cardiovascular diseases. 
Thus, the present study aims to determine the 

cardiovascular autonomic responses to oral ingestion 
of water, glucose, and fructose in a randomized 
crossover study.

Subjects and Methods
The study was conducted in the department of physiology, 
from July to September 2015.This randomized crossover 
study included a total of 30 healthy subjects of both 
genders, between the age group of 18 and 24 years, 
from the same institution.

Exclusion criteria
Subjects with any systemic illness, history of taking any 
medication affecting autonomic regulation, smoking, and 
alcohol intake.

Procedure
Institutional ethical clearance is obtained from the same 
institution, and written informed consent from each 
subject was obtained. The participants were requested 
to avoid alcohol or caffeine for 24 h and were studied 
in the morning after an overnight (12 h) fast. Subjects 
were also asked to empty their bladders immediately 
before the experiment. All measurements are performed 
in a temperature-controlled quiet laboratory. Every 
subject attends three separate experimental sessions 
randomly (each session was separated by at least 3 days) 
according to a randomized crossover design. Following 
anthropometric parameters were recorded on 1st day.

Figure 1: Mean RR interval (in ms) of subjects for all time and drink types
Figure 2: Low- to high-frequency ratio (in nu) of subjects for all time and 
drink types

Figure 3: Low- to high-frequency ratio (in nu) of subjects for water drink 
type and all time

Figure 4: Low- to high-frequency ratio (in nu) of subjects for glucose drink 
type and all time
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1. Height (in centimeters)
2. Weight (in kilograms)
3. Body mass index (BMI) (kilogram/meter square).

At each experimental session, the responses to one of 
three test drinks were measured.

The drinks tested were:
1. water (normal temperature)
2. Water containing 60 g glucose and
3. Water containing 60 g fructose.

Each drink contained 10 ml lemon juice (to provide a more 
uniform taste) and is made up to a total of 500 ml by the 
addition of distilled water. The subjects were not told the 
order of the drinks. Each subject was studied while sitting 
in a comfortable armchair. Instruments for cardiovascular 
monitoring INCO IV Channel Data Acquisition system 
were attached. After the rest period (supine rest for 5 min), 
5 min of basal HRV recording was taken. The subject 
was given a test drink to consume for 4 to 5 min. Then, 
postdrink recordings of HRV parameters for 5 min, were 
recorded immediately, after the first 30 min, and then the 
end of 2 h. Every subject ingested each drink without any 
problems such as nausea or any unpleasant sensations.[8]

Parameters of HRV: Included were
1) Time domain – mean RR interval: (mRRI)
2) Frequency domain – Low-frequency power (LF)/

High-frequency power (HF): LF/HF ratio.

A sampling rate of 500 Hz was used. The fiducial point 
of the R wave was identified by an algorithm of parabolic 
interpolation and a derivative plus threshold algorithm to 
locate a stable and noise-independent reference point. 
The last 512 stationary  RR  interval (RRI) were obtained 
for HRV analysis. If the percentage of deletion was more 
than 5%, then the subject was excluded from the study. 
The power spectrum of 512 RRIs was obtained by means 
of fast Fourier transformation.

Significance of each parameter:[9]

• Increased mRRI indicates low HR, used as the index 
of cardiac vagal modulation

• The low-/high-frequency power ratio (LHR = LF/HF) 
as the index of sympathovagal balance.

Results
Collected data were analyzed using SPSS software 
window version 20 (IBM SPSS window version 20 
statistics software, Bangalore, Karnataka, India). The 
basic anthropometric parameters (age, body height, body 
weight, and BMI), cardiac ANS responses, BP, and HRV 
parameters (mean RRI and LF/HF) were presented as 
Mean ± standard deviation (M ± SD).

Statistical analysis was performed by two-way ANOVA 
test for repeated measures with time (postdrink period) 
and treatment (drink type) as intrasubject factors. 
When significant differences were found, the effects 
of each drink over time were analyzed by comparing 
values at each time point over the post-drink period 
with the basal values recorded using Dunnett’s test for 
multiple comparisons. Responses to each type of drink 
within-subjects were calculated by one-way repeated 
measures ANOVA followed by paired t‑test. P < 0.05 was 
considered statistically significant.

Subjects mean age 20.32 ± 0.81 years and BMI was 
20.94 ± 1.23 kg/m2.

Participants cardiovascular autonomic nervous 
system responses to the water and simple sugar 
drinks
All the values are presented in mean ± SD. * P < 0.05.

One-way repeated measures ANOVA revealed no 
statistical significant difference between water and 
glucose with time of ingestion for mRRI parameter. F = df 
(1.070, 31.041) = 4.314, P = 0.06 and F = df (2.043, 
59.23) = 1.942, P = 0.152, respectively.

Figure 5: Mean RR interval mRRI (in ms) of subjects for fructose drink 
type and all time

Figure 6: Low- to high-frequency ratio (in nu) of subjects for fructose drink 
type and all time
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Two-way repeated measures ANOVA showed a 
statistically significant difference between the type of 
drink and time of ingestion for mRRI parameter. F = df 
(2.519, 73.04) = 5.34, P = 0.004. Post hoc Bonferroni test 
indicated that on fructose ingestion, mRRI was reduced 
immediately, after 30 min and 2 h post-drink period 
compared to glucose and water for respective times.

All the values are in mean ± SD. * P < 0.05.

Two-way repeated measure ANOVA revealed a 
statistically significant difference between the type of 
drink and time of ingestion for low- to high-frequency 
ratio (LHR) parameter. F = df (1.00, 29.001) = 2.086, 
P = 0.01. Post hoc Bonferroni test indicated that on 
fructose ingestion, LHR was increased immediately, after 
30 min and 2 h post-drink period compared to glucose 
and water for respective times.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between water 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.081, 31.20) =13.20, P = 0.001. Post hoc test 
indicated that on water ingestion, LHR was decreased 
immediately (P = 0.02) and after 30 min (P = 0.001) 
compared to basal reading. And was increased 
significantly (P = 0.003) after 2 h of postdrink.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between glucose 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.549, 44.918) =24.34, P = 0.000. Post hoc 
test indicated that on glucose ingestion, LHR was 
increased immediately, after 30 min and decreased 
significantly after 2 h (P = 0.00) compared to basal 
reading.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between fructose 
ingestion and time of ingestion for mRRI parameter. F = 
df (1.473, 42.42) = 66.63, P = 0.00.

mRRI was decreased consistently from basal level to 
immediate, after 30 min and 2 h of post drink. The mean 
difference was from basal to end of 2 h was 174 ms.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between fructose 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.574, 45.66) = 31.78, P = 0.000. Post hoc test 
indicated that on fructose ingestion, LHR was increased 
immediately, after 30 min and 2 h compared to basal 
reading.

Figures 1 and 2 represents Mean RR interval (in ms) 
and Low-to high-frequency ratio (in nu) of subjects for all 
time and drink types respectively. Figures 3 and 4 depicts 
Low-to high-frequency ratio (in nu) of subjects for water  
and glucose drink respectively.

Figures 5 and 6 shows Mean RR interval (in ms) and 
Low-to high-frequency ratio (in nu) of subjects for fructose 
drink type and all time.

Discussion
The primary endpoint was that on fructose ingestion, 
mRRI was decreased (increased HR), and LHR was 
increased persistently from baseline to the end of 2 h 
compared to glucose. This suggests the withdrawal 
of cardiovagal tone and elevation in sympathetic tone 
to the heart. On glucose and water ingestion mRRI 
remained the same, but LHR was increased for 30 min 
from baseline suggesting sympathetic dominance, which 
returned to basal value at the end of 2 h. Our results 
are consistent with previous studies. Animal studies 
have shown the cardiovascular effects after fructose 
ingestion such as hypertension, cardiomyopathy, 
and metabolic abnormalities such as insulinemia and 
hypertriglyceridemia.[2-4] A study showed compared to 
glucose, fructose induced sustained increase in BP 
and reduction in LHR even at the end of 2 h, probably 
mediated by an increase in CO without a compensatory 
increase in TPR indicating cardiovagal withdrawal.[5] 
Similarly, in impaired glucose tolerance in human and 
animal studies, sympathetic responses to fructose 
were demonstrated the fructose-induced sympathetic 
activation where fructose was given orally, was not 
administered parentally.[10] Increased LHR was noted in 
a study after glucose ingestion.[11] Water ingestion had no 
effect on HRV parameters; in contrast, few studies have 
shown the opposite results. Water ingestion increased 
HF and reduced HR without change in BP, indicating a 
good vagal tone.[7,12]

The mechanism of the cardiac sympathetic stimulation 
following ingestion of glucose and fructose remains 
to be established. An animal study showed that 
high-fructose diets upregulate sodium and chloride 
transporters, resulting in a state of salt overload that 
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increases BP. Excess fructose has also been found to 
activate vasoconstrictors, inactivate vasodilators, and 
overstimulate the sympathetic nervous system.[13]

Conclusions
Acute consumption of simple sugars may result in 
stimulated cardiac autonomic responses, fructose 
stimulating decreased vagal response, and increased 
sympathetic activity compared to glucose in healthy 
subjects.

Limitations of the study
• Smaller sample size
• No gender, BMI, genetic background differentiation.

Strengths of the study
• Simple and noninvasive test to predict risk factors of 

cardiovascular diseases such as hypertension
• The intrasubject study, no bias. (crossover design in 

which every subject was exposed to each of the test 
drinks.)

• Future scope for effects on chronic ingestion in 
humans.
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ABSTRACT

Background: Cardiorespiratory endurance is the most important component of health fitness concerned with the aerobic 
efficiency of the body. The VO2 max (maximum oxygen uptake) is the criterion measure of cardiorespiratory fitness that 
determines amount of oxygen consumed per kilogram of body weight per minute of exercise. Aim and Objectives: The aim 
and objective of the study is (1). To assess the heart rate and VO2 max among Indian wrestlers and age and sex-matched healthy 
controls and (2). To find the correlation between resting heart rate and VO2 max (if any). Materials and Methods: About 
35 wrestlers aged between 18 and 25 years practicing in district stadium Belgaum and 35 age and sex-matched students 
of KLE University, Belgaum were enrolled as controls. Resting heart rate was measured, and cardiorespiratory endurance 
test was done on treadmill to calculate the VO2 max using Bruce protocol. Results: The data were analyzed using Student 
unpaired “t-test” (P < 0.05 was considered as significant). Karl Pearson’s correlation coefficient was used to evaluate 
strength of association between heart rate and VO2 max. The mean resting heart rate of players was significantly less 
than that of the controls (P < 0.001). Mean VO2 max was significantly higher in wrestlers than in the controls (P < 
0.001). Negative correlation was found between the resting heart rate and VO2 max among the wrestler’s and controls. 
Conclusion: The higher VO2 max in the wrestlers can be attributed to the duration of training which causes greater increase 
in cardiac output and arteriovenous O2 difference. Resting heart rate of the wrestlers was found to be lower than that of the 
sedentary people. High VO2 max and low resting heart rate are both associated with cardiovascular fitness and common 
among endurance players. These could be beneficial tools for trained wrestlers looking to improve their performance.

KEY WORDS: Wrestlers; Cardiorespiratory Endurance; VO2max

INTRODUCTION

Wrestling consists of high intensity efforts combined with 
brief periods of mild- to moderate-intensity work or resting 
indicated by effort of the wrestler to sustain physical control 
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over opponent.[1,2] Wrestling is type of conflict sport that 
requires more effort and a high degree of compatibility 
between the efficiency of the internal organs in the body 
and the physical effort exerted in order so that the wrestler 
is able to achieve the physiological requirements of 
performance. It is an alternating physical exercise of flexible 
intensity.[3] Wrestling is characterized by speedy, fiery attacks 
and counterattacks which are executed repetitively.[4] Both 
anaerobic and aerobic energy systems, like many other sports 
are employed to a various degree in wrestling.[4-6] The short 
and quick bursts of maximal power during the match are 
provided by anaerobic system, whereas the aerobic system 
contributes to the wrestler’s ability to sustain effort for 
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the entire duration of the match.[6,7] A success in wrestling 
requires highly advanced capabilities of maximal strength, 
power, muscular endurance, anaerobic capabilities, speed, 
lactate tolerance, and maximal aerobic power.[8] Thus, the 
cardiorespiratory system is an energetic system in body of 
athletes who play combat sports commonly and wrestling 
especially because it involves many portents on the 
preparedness to bear the load of training.

Aim and Objectives

1. To assess the heart rate and VO2 max among wrestlers 
and healthy controls. and

2. To find the correlation between resting heart rate and 
VO2 max (if any).

MATERIALS AND METHODS

About 35 wrestlers aged between 18 and 25 years practicing 
regularly at district stadium, Belgaum were recruited. 35 
age and sex-matched students of other constituent units, 
Belgaum were enrolled as controls. It was a cross-sectional 
study conducted in Department of Physiology, J N Medical 
College, Belgaum. Ethical clearance was sanctioned by JNMC 
Institutional Ethics Committee on human subject’s research. 
The subjects were divided into two groups depending on 
number of years of training. Group A consisted of wrestlers 
with >4 years of training and Group B consisted of wrestlers 
with <4 years of training. They were briefed about the type 
of study and written informed consent was taken. Basal heart 
rate was measured and cardiorespiratory endurance test was 
done on treadmill to calculate the VO2 max using Bruce 
protocol selection criteria.

Inclusion Criteria

1. All the wrestlers in the age group of 18–25 years who 
were trained and and practicing regularly for a minimum 
period of 2 years

2. In the comparative group, age and sex (18–25 years) 
matched subjects coming from same region who were 
not trained or carrying out any regular exercise were 
selected randomly.

Exclusion Criteria

1. Subjects with neuromuscular, respiratory, endocrine, 
cardiac, disorders among players and comparative group

2. From comparative group subjects who were regularly 
doing physical exercise, meditation or undergoing any 
sports training.

Procedure

Basal heart rate was calculated by checking pulse for 1 min 
and blood pressure (BP) was measured by Omron digital 

BP apparatus. A motor driven treadmill (Model-Fitness 
world 3000, manufacturers-Square cut, Belgaum) was used 
to perform cardiorespiratory endurance test using Bruce 
protocol which is regularly used treadmill exercise stress 
test to estimate cardiovascular fitness and calculate the 
VO2 max (maximum oxygen uptake).[9-11] The test starts at 
2.74 km/h (1.7 mph) and at a gradient (or incline) of 10%. 
The inclination of the treadmill was increased by 2%, at 
3 min intervals and the speed increased as shown in the Table 
below. Subjects were asked to perform with maximum effort 
and notify on tiredness.

Stage Speed (km/h) Speed (mph) Gradient
1 2.74 1.7 10
2 4.02 2.5 12
3 5.47 3.4 14
4 6.76 4.2 16
5 8.05 5.0 18
6 8.85 5.5 20
7 9.65 6.0 22
8 10.46 6.5 24
9 11.26 7.0 26
10 12.07 7.5 28

The scoring was observed by the time taken for the test, in 
minutes. Which was then converted using following formula, 
VO2 max (ml/kg/min) = 14.76 −(1.379 × T) ± (0.451 × T²) − 
(0.012 × T³) where the value “T” is the total time completed 
(expressed in minutes and fractions of a minute, e.g. (9 min 
15 s = 9.15 min). to an estimated VO2 max score.

Data and Statistical Analysis

Data were statistically analyzed, which convoluted 
quantitative variables summarized through mean and 
standard deviation. Students unpaired “t” was used to test 
difference between the mean of the two groups, where the 
(P < 0.05) was statistically significant. The strength of 
association between heart rate and VO2 max was evaluated 
by Karl Pearson’s correlation coefficient.

RESULTS

Table 1 shows the mean of the parameters which was 
found using Student unpaired’ test. The resting heart rate 
of wrestlers was significantly less compared than that of 

Table 1: Resting heart rate and VO2 max of wrestlers and 
controls

Variables Wrestlers Controls P-values
HR (bpm) 65.4±9.04 85.8±5.67 <0.001*
VO2 max (ml/kg/min) 57.9±7.39 39.4±0.6.57 <0.001*
*P value significance ≤0.05
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the controls s (P < 0.05 was considered as significant). 
Mean VO2 max was significantly higher in players than 
in the controls. Table 2 shows the assessment of basal 
heart rate and VO2 max among the two wrestler groups. 
The in HR of the group A was lesser than group B, 
similarly group A had higher Mean Maximum Oxygen 
uptake (VO2 max) than group B both were statistically 
significant (P < 0.05). Figure 1 illustrates the assessment 
of cardiorespiratory fitness among the wrestlers and the 
controls. VO2 max-maximum oxygen uptake mean was 
higher for wrestlers and was statistically significant. 
Figure 2 illustrates the assessment of cardiorespiratory 
fitness (VO2 max) among the two wrestler groups it 
was statistically significant and higher for group A than 
group B.

DISCUSSION

Heart rate being easy to measure, even though the HR changes 
during and after cessation of exercise have been used as 
marker of cardiovascular health; it is only in recent past few 
years that resting HR has gained importance as a powerful 
marker of cardiovascular health.[9] In healthy adults resting 
heart rate ranges from 60 to 80 beats/min. It may be as high 
as 100 beats/min in sedentary and middle-aged individuals. 
In elite endurance athletes heart rates as low as 28–40 beats/
min have been recorded.[8]

In the present study, the resting heart rate was significantly 
lower wrestlers as compared controls, which can be 
attributed to their longer training duration. Results of 
cardiorespiratory fitness tested by Bruce protocol using 
Treadmill was considerably higher in wrestlers than in 
the sedentary controls. It is in constant with preceding 
studies were elite junior wrestlers had 51.2 ml/kg/min, elite 
Canadian wrestler showed 50.25 ml/kg/min, elite Japanese 
wrestlers had 55.6 ml/kg/min and Turkish wrestlers 
had 43.25 ml/kg/min. senior Korean wrestlers showed 
60.24 ml/kg/min.[6,8,12] The results are comparable to some 
of the reviewing studies relating peak VO2 max between 
elite and non-elite wrestlers which also did not discover 
significant differences in VO2 max.[13,14]

Limitations and Future Scope

With the above findings present study proposes that future 
studies be undertaken:
•	 To increase the sample size
•	 To compare physical fitness with the sports specific 

skills between the two types of wrestling
•	 Plus may include additional parameters like 

Electromyography, whole body reaction time
•	 Further, physical fitness and psychological factors 

which might affect the performance of wrestlers need 
to be correlated. Since yoga and meditation are known 
to improve flexibility, concentration and quickness it is 
advisable to incorporate yoga and meditation as a part of 
their training.

CONCLUSION

The data analyzed suggests that the higher VO2 max in the 
players can be credited to the duration of training which 
improves the cardiac output. Aerobic training increases 
muscle blood flow, capillarization of muscle tissue, levels 
of aerobic enzymes, mitochondrial number, size, surface 
area and myoglobin content. These contribute to improved 
oxygen extraction by muscle.[14,15] Resting heart rate of the 
athletes was found to be lower than that of the sedentary 
people. Negative correlation was found between the resting 
heart rate and VO2 max among the wrestlers and controls. 

Table 2: Assessment of basal heart rate and mean VO2 
max of the wrestler groups. Group A n=24 (≥4 years), 

Group B n=11(<4 years)
Variables Group A 

(≥4 years)
Group B 

(<4 years)
P-value

HR (bpm) 60.6±5.49 75.8±5.96 <0.001*
Total test time (sec) 20.6±6.53 14.1±1.76 <0.001*
VO2 max (ml/kg/min) 60.9±6.89 51.4±2.70 <0.001*
*P value significance ≤0.05
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Figure 2: Cardiorespiratory fitness of the two wrestlers’ groups
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Low resting heart rate and High VO2 max are both related 
with cardiovascular fitness and mutual among endurance 
players. These findings could be used as valuable tools for 
trained wrestlers considering to improve their performance.
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Background: Diabetic nephropathy is one of the major consequences of diabetes mellitus and is defined as the progressive development 

of renal insufficiency in the setting of hyperglycaemia. Poor glycaemic control, inflammation, and oxidative stress are the primary 

mechanisms behind the pathogenesis of diabetic nephropathy in diabetic patients. Ranolazine is an anti-anginal drug shown anti-

diabetic and anti-inflammatory effects in few preclinical and clinical trials in diabetes and coronary artery diseases. In the present study, 

we aimed to investigate the renoprotecive efficacy of ranolazine in ameliorating diabetic nephropathy in a rat model of streptozotocin 

induced diabetes 

 

Methods: Male Wistar albino rats weighing 200±20 grams were used for our study. They were divided randomly into four groups of 

eight. Diabetic nephropathy was induced in three groups by injecting a single dose of 45 mg/kg streptozotocin. Distilled water (normal 

control), metformin 180mg/kg (metformin-treated group), and ranolazine 45mg/kg (Ranolazine treated group) were administered orally 

for 8 weeks and diabetic rats in the diabetic control group remained untreated. After the administration of ranolazine, weekly random 

blood glucose (RBS), HbA1c%, serum creatinine level, and urine albumin were examined. At the end of the experiment, rats were 

euthanized, and the serum was analyzed for TNF-α, IL-6, and CRP levels, and kidney sections were analyzed using hematoxylin and 

eosin (H & E) and PAS stain. Induction of diabetic nephropathy was confirmed by histopathological examination of the kidney. 

 

Results: Ranolazine monotherapy significantly reduced random blood glucose(p<0.0001), HbA1c%, urine albumin,  serum creatinine, 

and inflammatory markers like CRP, IL-6, and TNF-α (p≤0.001) as compared to the diabetic control group. Histopathological 

examination of the rat kidneys showed ranolazine was successful in preventing the changes in diabetic nephropathy such as basement 

membrane thickening, mesangial matrix expansion, interstitial nephritis, and focal tubular necrosis as compared to the diabetic control 

rats.  

 

Conclusions: Ranolazine demonstrated renoprotection by significantly ameliorating diabetic nephropathy in a chronic model of 

streptozotocin-induced diabetes and needs further evaluation for its use in diabetic nephropathy. 

 

Keywords: Ranolazine, Diabetes, Diabetic Nephropathy, Histopathology, Kidney disease STZ-induced diabetes 

 

INTRODUCTION 
Diabetic nephropathy (DNP) is a microvascular complication of type 1 and type 2 diabetes and is one of the major causes 

of renal failure.1 More than 40% of diabetes patients develop chronic kidney disease, and most of them require renal 

replacement therapy because of renal failure.2 DNP is characterized by albuminuria (proteinuria), hyperfiltration, 

hyperpermeability to macromolecules, and end-stage renal failure.3 The kidney damage caused by DNP is histologically 

indicated by the thickening of the glomerular basement membrane, mesangial matrix expansion, macrophage infiltration, 

podocyte loss, and tubular epithelial degeneration.4 DNP progression and tissue damage are exacerbated by poor glucose 

control, advanced glycation end products (AGEs), genetic predisposition, renin-angiotensin system activation, reactive 

oxygen species (ROS), and oxidative stress.5 In the early stages of DNP, there seem to be no symptoms or indicators.6 As 

the disease progresses, changes in blood pressure, fluid balance, and increased excretion of urine albumin are observed, 

and chronically raised blood glucose levels and inflammatory indicators affect the kidney's ability to filter blood.6 In 

response to chronic hyperglycemia and AGE (Advanced Glycation End Products) accumulation, the renal parenchyma 

secretes monocyte chemoattractant protein (MCP-1) that attracts other immune cells to the kidneys. Monocytes activate 

and differentiate MCP-1 and start releasing inflammatory cytokines and reactive oxygen species (ROS).7 Pro-

inflammatory cytokines such as interleukin-1, interleukin-6, and interleukin-8, as well as CRP and ROS, cause renal 

parenchymal cell death and necrosis, as shown in Figure 1.8 Profibrotic growth factors such as transforming growth factor 

and vascular endothelial growth factor (VEGF) encourage the formation of myofibroblasts, leading to fibroblast 
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proliferation and extracellular matrix deposition.8 Currently, ACE inhibitors and ARB-1 are proven valuable in the 

management of DNP. These medications, on the other hand, are ineffective in preventing diabetic nephropathy.9 Many 

drugs have demonstrated therapeutic benefits in animal research but have failed in clinical trials because of a lack of 

efficacy or safety concerns. There is a significant unmet demand in this therapeutic area. As a result, it was of interest to 

investigate novel agents for diabetic nephropathy therapy.10 

 

 

                                                   Fig.1: Pathophysiology of Diabetic nephropathy 

 

Ranolazine is an anti-ischemic and antianginal drug prescribed for chronic angina treatment along with other antianginal 

medications.11 Clinical trials have proven ranolazine to have positive metabolic benefits in diabetic people, as evidenced 

by considerable reductions in HbA1c levels.12 The anti-diabetic action of ranolazine is due to the blockade of specific 

NaCh in alpha cells of the pancreas, which has glucagon- and glucose-lowering effects in animal models of diabetes.13 

Few in vivo studies have demonstrated the anti-inflammatory efficacy of ranolazine in various animal models.14,15 

Evidence suggests that the anti-diabetic and anti-inflammatory effects of ranolazine can help with the consequences of 

post-diabetic complications.16,17  

 

Pharmacological treatment for diabetic nephropathy now relies on medications that affect the renin-angiotensin system. 

Despite the availability of many medications, there is a need for the development of drugs that can slow down the 

progression of the disease. Considering the disease's burden and the significance of inflammation in the pathogenesis of 

the disease, anti-diabetic drugs with additional anti-inflammatory actions can be investigated since they would benefit 

patients with comorbid conditions. Pre-clinical investigations demonstrated that ranolazine, an antianginal medication, 

has antihyperglycemic and anti-inflammatory characteristics. However, there is no evidence of animal studies that have 

tested the anti-diabetic and anti-inflammatory efficacy of ranolazine in preventing diabetic nephropathy. The present 

study investigates the Renoprotective efficacy of ranolazine in ameliorating diabetic nephropathy in a rat model of 

streptozotocin-induced diabetes via estimation of blood and urine glucose, inflammatory markers, renal functions, and 

renal histopathological examinations. 

 

MATERIAL AND METHODS 
Experimental Animals 
The study was carried out on thirty-two male Wistar rats weighing about (200±20 grams) and aged around (12±2 week’s 

age). They were obtained from the central animal house of Jawaharlal Nehru Medical College, Belagavi, Karnataka, India. 

The rats were randomly divided into four groups (n=8) and housed in polypropylene cages at an ambient temperature of 

25±1ºC and 45-55% relative humidity. They were acclimated to a 12:12-h light/dark cycle for ten days before the day of 

the experiment, confirmed by the Institutional Animal Care and Use Committee (627/PO/Re/02/CPCSEA). 

 

Induction of Experimental Diabetes 
Diabetic Nephropathy was induced in three groups by injecting a single dose (45 mg/kg) of streptozotocin, excluding the 

normal control group.18 A freshly prepared solution of STZ (45 mg/kg body weight) in 0.1 ml citrate buffer with pH 4.5 

was injected intraperitoneally of volume 1 ml/kg body weight into overnight fasted rats. STZ-treated rats were given 5% 

glucose instead of water for 24 hours after diabetes induction to prevent hypoglycemic shock-related mortality.19 After 

72 hours of STZ administration, the rats with random blood glucose levels higher than 250 mg/dl were selected for the 

experiment. Wistar rats with random blood sugar below 250 mg/dl were excluded from the study. Following the 

confirmation of the diabetic state, the rats in each group were treated for eight weeks according to one of the treatment 

protocols.20 
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Experiment Design 
The rats were divided into four groups and given the following drugs for eight weeks.   

● Group 1 (normal control group): Normal rats received distilled water of 20 ml/kg body weight orally for eight weeks. 

● Group 2 (diabetic control group): Diabetic rats received a single dose of intraperitoneal injection of STZ (45 mg/kg).  

● Group 3 (diabetic rats treated with metformin): Diabetic rats received a single dose of intraperitoneal injection of STZ 

(45 mg/kg) and metformin (180 mg/kg/day) orally for eight weeks. 

● Group 4 (diabetic rats treated with ranolazine): Diabetic rats received a single dose of intraperitoneal injection of STZ 

(45 mg/kg) and ranolazine (90 mg/kg/day) orally for eight weeks. 

 

Sample Collection and Preparation  
At the end of the study, all groups were anesthetized using sodium pentobarbitone (30 mg/kg), and blood samples were 

collected for serum preparation through cardiac puncture. After the blood collection, the rats were euthanized using a high 

dose of sodium pentobarbitone (90 mg/kg). Their kidneys were preserved for histopathological studies using hematoxylin 

and eosin staining. 

 

Determination of Body Weight 
The rats' body weights were recorded on days 0, 3, 15, 30, 45, and 56. 

 

Determination of Blood and Urine Glucose 
The blood samples were collected from the rats' tail veins, and random blood glucose levels were recorded using a 

glucometer on days 0, 3, 15, 30, 45, and 56. HbA1c % was assessed using a chemical analyzer on days 0 and 56. The 

urine was collected at the end of the study to measure urine albumin levels using a dipstick kit.  

 

Determination of Inflammatory Markers 
The blood samples were collected through the cardiac puncture to estimate the serum levels of CRP, TNF-alpha, and IL-

6. 

 

Histopathological Examination 
All the rats were euthanized at the end of eight weeks through a high dose of sodium pentobarbitone. Their kidneys were 

excised carefully without any damage and stored in 10% neutral buffered formalin after washing with phosphate buffer 

saline (PBS). The kidneys were then processed and embedded in paraffin. The kidneys were sectioned and stained with 

hematoxylin, eosin, and periodic acid Schiff base for histopathological observations. The sections were then analyzed for 

the degree of tubular and glomerular damage. The glomerular damage index (GDI) was calculated on a scale of 0 to 4 

based on the degree of glomerulosclerosis, mesangiolysis, and mesangial expansion. Histopathological examination of 

the kidney was done according to Ozdemir O et al., as shown in table 1.21 

 

Table 1: Scoring System for Histopathological Examination of Kidneys 

 
 

Statistical Analysis 
The data is presented as Mean ± SEM for all the groups. It was analyzed by one-way ANOVA followed by Post hoc 

Dunnett’s test, and post hoc Bonferroni’s test was conducted to determine the statistical comparisons. The analysis was 

done using graph pad prism software, and p ≤ 0.05 was considered statistically significant. 

 

RESULTS 

Ranolazine attenuates diabetes-induced body weight loss and hyperglycemia in rats 
The change in the rats' body weights in all four groups is presented in Table 2 and Figure 2. Control rats showed a slight 

increase in body weight throughout the study period, but the weights of the diabetic control group rats significantly (p < 

0.001) decreased owing to the induction of diabetes. At the end of eight weeks, body weight increased significantly in the 

ranolazine-treated group (p≤0.01) and metformin-treated group (p≤ 0.001) as compared to the diabetic control group. In 

diabetic rats, the blood glucose level was significantly high (~ 400 mg/dl) throughout the study period (p < 0.001). The 

diabetic rats in the ranolazine-treated group showed a significant reduction (p≤ 0.001) in blood glucose levels at the end 

of eight weeks compared to the diabetic control group. In contrast, the reduction in random blood glucose levels in a 

metformin-treated group (p≤ 0.0001) was significantly higher than in the ranolazine-treated group. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3608288/table/T1/
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HbA1c % increased significantly in diabetic rats (p≤ 0.0001) compared to the normal control group. At the end of the 

eighth week, diabetic rats in the ranolazine-treated group (p≤ 0.0001) and metformin-treated group (p≤ 0.0001) showed 

a significant reduction in HbA1c % in contrast to the diabetic control group. Between the standard drug and test drug 

group, diabetic rats in the metformin-treated group showed a significant reduction in HbA1c % compared to the 

ranolazine-treated group. 

 

  
 

 
Figure 2: Effects of Ranolazine on metabolic parameters in rats with diabetic nephropathy. A, B, C Random Glucose 

(D) Bodyweight and (E) HbA1C were assessed. Data are presented as the mean ± standard error of the mean. *p < 

0.05,***p< 0.001, ****p< 0.0001 vs normal control group and #p < 0.05, ## p<0.01, ###p< 0.001, ####p< 0.0001 vs 

Diabetic control group 

 

Ranolazine suppresses inflammatory markers in diabetic rats  
Given inflammation caused by diabetes and the associated nephropathy, we explored the effect of ranolazine on 

inflammatory markers in the serum. CRP, TNF-alpha, and IL-6 levels increased significantly in the diabetic group (P < 

0.001) compared to the control group. At the end of the eighth week, diabetic rats in the ranolazine-treated group (p≤ 

0.001) and metformin-treated group (p≤ 0.0001) showed a significant reduction in CRP, TNF -alpha, IL-6 levels as 

compared to the diabetic control group. Diabetic rats in the metformin-treated group showed a significant decrease in 

CRP, TNF -alpha, and IL-6 levels compared to the ranolazine-treated group, as shown in table 3. 
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Ranolazine suppresses serum creatinine and urine albumin in diabetic rats 
Serum creatinine in the diabetic control group (p< 0.0001) showed a significantly higher value than in the normal control 

group. Diabetic rats in the ranolazine-treated group (p≤ 0.0001) and metformin-treated group (p≤ 0.0001) showed a 

significant decline in serum creatinine compared to the diabetic control group.  

Spot urine samples were collected using a dipstick kit to estimate urinary albumin concentration. Albumin excretion of 

30-150 mg/24 hours is considered microalbuminuria. The excretion level of urine protein >300 mg/dl is proteinuria in 

DNP. Normal control rats did not exhibit proteinuria (+++), whereas 50% of rats in the diabetic control group showed 

>300 mg/dl of urine albumin, and the remaining rats showed >100 mg/dl of urine albumin. Diabetic rats in the ranolazine-

treated & metformin-treated groups showed <100 mg/dl albumin in their urine.  

 

Ranolazine attenuates diabetic nephropathy 
The Reno protective potential of ranolazine in diabetic rats is supported by a histopathological study. Renal cross-sections 

were examined using hematoxylin and eosin staining (Images: H&E stain under PAS 40x magnification). The extent of 

renal injury was assessed by morphometric analysis of glomerular disease, tubular damage, and interstitial fibrosis. Based 

on the current knowledge regarding histopathological changes in STZ-induced diabetic nephropathy in rats, we devised 

a scoring system based indirectly on a study by Ozdemir O et. al. 21 

Histopathological examination of the renal sections showed intense vacuolar degeneration and cystic dilatation of the 

tubules with a median score of 2 (in a range of 1-2) in the diabetic control group. In contrast, diabetic rats in the ranolazine- 

and the metformin-treated group were scored with a median score of 1 (in a range of 0-1), as shown in Table 1, suggesting 

that their kidney histology was close to normal with few changes. Diabetic-treated groups with ranolazine and metformin 

maintained near-normal renal architecture despite interstitial nephritis. Figure 2 illustrates the changes in the kidney 

histology of rats in all four groups. 

 

 
Fig 2: Histopathology images of kidney sections from A) Normal control rats showing normal interstitium with normal-

appearing glomeruli and basement membrane, B) Diabetic control rats showing distorted glomeruli with thick basement 

membrane and nephritis, C) metformin-treated rats showing slightly distorted glomeruli and thick basement membrane, 

D) Ranolazine-treated rats showing mild interstitial nephritis with the slightly thick basement membrane. 

 

DISCUSSION 
Diabetic nephropathy (DNP) is mainly caused by the formation of advanced glycation end products and inflammation 

due to chronic hyperglycemia. As a result, any therapeutic intervention aimed at this pathogenesis would be the most 

effective treatment for DNP. Our study aimed to investigate the Renoprotective potential of ranolazine by ameliorating 

diabetic nephropathy in a rat model of streptozotocin-induced diabetes. 

Diabetic nephropathy was induced in male Wistar rats through intraperitoneal administration of a single dose of STZ (45 

mg/kg). Ranolazine-treated rats (n=8) were administered with ranolazine (90 mg/kg) orally every day for eight weeks. 

The results demonstrated that ranolazine prevents the progression of renal lesions (Fig. 2) in diabetic rats. 
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Histopathological examination of the kidney was analyzed by a scoring system derived from a study by Ozdemir O et al. 

Renal histopathology of rats in the diabetic control group reflected the median score of 2 (of range 1-2), indicating 

vacuolar degeneration, cystic dilatation of the tubule, moderate interstitial nephritis, distorted glomeruli, and basement 

membrane thickness. Histopathology of kidneys in ranolazine-treated rats showed mild interstitial nephritis with a slightly 

thickened basement membrane. It reflected the median score of 1 (of range 0-1), suggesting that kidney histology was 

close to normal with few changes and delayed the progression of renal damage. At the same time, ranolazine can decrease 

the RBG levels, reduce HbA1c %, and increase body weight along with a decrease in inflammatory markers CPR, IL-6, 

TNF-alpha, and a drop in serum creatinine and urine albumin levels. As Chronic hyperglycemia plays a major role in 

inducing severe renal lesions affecting renal functions and treatment with ranolazine indicated the importance of 

glycaemic control in controlling inflammation and oxidative stress in the management of diabetic nephropathy. This 

discovery is crucial as ranolazine might be a potent preventive drug for diabetic nephropathy and should be investigated 

thoroughly in future trials. 

Streptozotocin (STZ) is widely used in studies investigating Diabetes Mellitus (DM), as it targets β-cells and reduces 

blood insulin levels, leading to hyperglycemia and mimicking DM pathology.22 For the current study, diabetic 

nephropathy was induced in a rat model via STZ (45 mg/kg) for eight weeks to cause chronic hyperglycemia. Elevated 

glucose levels for eight weeks successfully induced renal lesions in rats that were similar in human patients with DNP.23 

In the present STZ-induced DNP model, the kidney damage was assessed via kidney function parameters; the presence 

of albumin in the urine is a primary indicator of kidney damage in the early onset of DNP. Kidney damage in diabetic 

rats was indicated by a considerable rise in proteinuria, serum creatinine, extracellular matrix deposition, and thickening 

of the glomerular basement membrane found eight weeks after the initiation of STZ-induced hyperglycemia. Treatment 

with ranolazine monotherapy ameliorated the majority of these renal dysfunctions and morphological changes, 

demonstrating that ranolazine treatment has preventive benefits in diabetic rats. 

 

The major pathophysiology of diabetic nephropathy is due to persistently elevated blood glucose levels and the generation 

of advanced glycation products resulting in increased production of inflammatory cytokines and free radicals, leading to 

renal damage. Diabetic nephropathy advances with mesangial expansion caused by matrix deposition, thickening of the 

basement membrane, and the creation of Kimmelstiel–Wilson nodules in the glomeruli. As a result of the above-stated 

facts, it is reasonable to conclude that inflammation and oxidative stress are the primary mechanisms behind diabetic 

nephropathy. 24,25  

 

As hyperglycemia occupies a dominant position at the beginning of the ROS-mediated pathway, strict glucose modulation 

remains the vital therapeutic strategy. It is because it aids the amelioration of oxidative stress. 26,27,28 In the present study, 

the ranolazine-treated group showed a significant reduction in RBG compared to the diabetic control group. This result 

indicated that glycemic control is crucial for the ranolazine-mediated renoprotective effect. Furthermore, several 

preclinical and clinical research support the evidence of the anti-inflammatory efficacy of ranolazine, suggesting that 

ranolazine may have a novel mechanism of action in this setting.29 Our results indicate that STZ-induced diabetic 

nephropathy in the diabetic control group is associated with increased levels of pro-inflammatory mediators (TNF-α, IL-

6, and CRP). The current findings are consistent with the previous evidence. In chronic models of diabetic nephropathy, 

chemokines released from immune cells in the kidney were correlated with renal changes. Hyperglycemia activates 

inflammatory pathways, and prolonged inflammation exacerbates renal damage through sustained overexpression of pro-

inflammatory factors that induce more inflammation and enhances other pathogenic mechanisms such as oxidative stress. 

High levels of CRP, TNF-α, and IL-6 partly mediated alterations in histopathological changes detected in diabetic 

nephropathy.30 The anti-inflammatory effects of ranolazine are well established in various animal studies. It concluded 

that ranolazine improves TNF-α and 1L-1 levels.12 We found that ranolazine significantly reduced CRP, TNF-α, IL- 6 

levels compared to diabetic-controlled rats. And the findings of the current paper are in line with the existing evidence. 

 

The results suggest that treatment with ranolazine exerts a renoprotective effect by controlling hyperglycemia-mediated 

inflammation and oxidative stress. The current study detected uncontrolled nephropathy in the diabetic control group, 

which was characterized by high glucose levels, proteinuria, and significantly elevated levels of CRP, IL-6, and TNF-α 

in the serum. The paper's results demonstrate that ranolazine reduces blood glucose levels and that reduced inflammation 

prevents the chronic pathogenesis of DNP. Therefore, the antidiabetic and anti-inflammatory effects caused by ranolazine 

are another important mechanism that protected the rats from progressing renal damage caused by chronic diabetes. 

 

CONCLUSION 
The study evidences the Renoprotective effects of ranolazine by ameliorating diabetic nephropathy in STZ-induced 

diabetic nephropathy in male Wistar rats. The successful induction of diabetic nephropathy in the rats was demonstrated 

by hyperglycemia, severe renal dysfunction, and increased expression levels of inflammatory cytokines. Ranolazine 

treatment significantly reduced blood glucose levels, protected renal functions, and retained near-normal renal 

morphology. The renoprotective role of ranolazine may be because of its glycaemic control, anti-inflammatory and anti-

oxidative effect. However, further investigation is required to elucidate the underlying mechanism. 
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The current review was undertaken by collecting data through a thorough literature search in PubMed and Google Scholar in order to 

identify the relevant English-language articles published on animal models for COVID-19 research. The data was obtained from articles 

published between 2019 and 2021. After a comprehensive review of various available articles, this review outlines the available animal 

models for COVID-19 and their key roles in elucidating the pathogenesis, disease transmission, and host response to the SARS-CoV-

2 virus. Reports from various preclinical trials have shown the use of several animal models such as mice, hamsters, ferrets, and non-

human primates (NHPs) for studying the SARS-CoV-2 infection. However, availability of an ideal animal model would help researchers 

in assessing the efficacy of investigational drugs before they enter clinical trials. No single animal model delineates the totality of 

pathogenesis or predicts interventional responses faithfully as in humans. Therefore, defining animal models and their use is deemed 

as a prerequisite for conducting comparative studies of vaccines and therapeutics’ efficacy so that the most promising ones advance to 

the next phase. 

 

Keywords: COVID-19, SARS- CoV-2, Animal models, Preclinical studies, vaccines and drug evaluation 

 

INTRODUCTION: 
Coronavirus disease  2019 (COVID-19) is caused by the Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) and is an emerging respiratory infection caused by the infection of a novel coronavirus in humans during late 2019 

(first detected in Hubei province, China).[1] The ongoing spread of this virus may potentially bring major challenges to 

worldwide health systems and detrimental consequences to the global economy and financial markets if not controlled 

effectively.[2] Multiple clinical trials are currently underway for prevention or intervention in the disease progression.[3] 

Simultaneously, it is equally essential to undertake basic research on SARS-CoV-2 in order to support efficient 

development of therapeutic agents.[4] Animal models are essential tools for studying infectious diseases and they help 

researchers not only to understand the pathogenesis and mechanisms of SARS-CoV-2 disease biology but also to elucidate 

the aspects of pharmacology, toxicology, and immunology of therapeutic agents and vaccine strategies.[5] No single animal 

model captures the totality of pathogenesis or predicts interventional responses as faithfully as human models. Defining 

animal models and their uses is deemed a prerequisite for conducting comparative studies of vaccines and therapeutics’ 

efficacy so that the most promising ones advance to the next phase.[6] 

With this objective, the current study aims to synthesize data from various databases and search engines for reviewing 

and analysing the information on various available animal models for COVID-19. The information included in this review 

article aims to provide a strong intellectual framework for evaluating the investigational drugs and promising vaccine 

candidates and also boost preclinical research on COVID-19. 

 

LITERATURE SEARCH METHODOLOGY 
A literature review of relevant articles published in English till December 2021 was conducted using the PubMed and 

Google Scholar databases. Search parameters included Coronavirus, SARS-CoV-2, COVID-19, Preclinical trials for 

Covid 19, Animal models for Covid 19, Evaluation of drugs, new drugs, and vaccine development for Covid 19. Review 

articles and preclinical studies on COVID-19 were also considered for the purpose of this review. Additional articles were 

obtained from the citations of the cross-referenced articles. 

 

Need for animal models for Covid 19 
There is an urgent and pressing need for the development of an animal model to study the infection and to test vaccines 

or new forms of therapies, as well as to understand the molecular mechanisms of COVID-19. Animal models mimic the 

disease pattern in animals as seen in human infection and it is through these animal models that SARS-CoV-2 was reported 
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to infect humans through the angiotensin-converting enzyme - 2 (ACE-2) receptors.[7] Therefore, animals having ACE-2 

receptors and that are closely similar to human beings can act as a model for various studies on SARS-CoV-2. ACE-2 

represents the main receptor for SARS-CoV-2 entry into cells whereas the lungs and bronchi are the main targets for viral 

infection (Figure 1).[8] However, the heart, kidneys, liver, brain, gastrointestinal tract, and upper respiratory tract have also 

been shown to be affected in COVID-19 infection.[8] Researchers have postulated that some amino acid sequences present 

in ACE-2, considered as critical residues, are more important than the total number of similar amino acids when comparing 

animal models to the human model and these critical residues have a direct influence on the susceptibility to infection. [9] 

Another factor that directly impacts the ACE-2 affinity and differs from one species to another is the tissue distribution of 

ACE2 together with Transmembrane serine protease 2 (TMPRSS2) and furin.[9] The TMPRSS2 cellular serine protease 

and the furin proprotein convertase act as cofactors for this binding, which can be considered as potential targets for the 

action of inhibitory drugs and.[9] 

 

Animals Used for Developing Animal Models for Covid 19 
Studies on COVID-19 have reported that ferrets, monkeys, mice, hamsters, civet cats, camelids, and rabbits can all be 

considered as animal models for coronavirus infection.[10-17] Larger animal models, specifically the non-human primates 

(NHPs) models such as Rhesus Macaques, Cynomolgus macaque, and African green monkeys, are traditionally considered 

the most translational models to humans.[6] NHPs bear close similarities to human genetic, neurological, cognitive, 

physiological, reproductive, anatomical, and immunological systems.[6] Their size and longevity make them excellent 

models for studying the disease pathogenesis and also allow for repeated sampling and imaging in vivo for longitudinal 

studies. However, their limited supply in the face of numerous drug and vaccine candidates make them an even more 

precious resource.[6] It is therefore imperative to prioritize the agents to be tested by demonstrating tolerability and efficacy 

in smaller mammalian models like mice, hamsters, and ferrets (currently the small animal species of choice).[6] 

 

Mouse Models 
Small animal models are widely used to study emerging viruses but often need to be genetically modified or adapting the 

virus for different species in order for the virus to be susceptible and this holds good for the SARS-CoV-2 infection as 

well.[7] Mice have several advantages over other experimental animal models with regards to their small size, low cost, 

rapid breeding for reaching large group numbers, and availability of research tools. However, laboratory mouse models 

have shown to be non-responsive to the SARS-CoV-2 infection due to a lack of the viral entry receptor hACE2.[18,19,20] 

Viral spike protein doesn’t bind to the murine ACE-2 effectively due to amino acid differences in the ACE-2 receptors 

between mice and humans.[20] 

 

Several approaches have been employed to increase the susceptibility to SARS-CoV-2 infection in laboratory mice. The 

first approach was to use an adapted virus method in which multiple passages/or selected mutations in the virus made the 

mice more susceptible to infection.[21] The second approach was to express the human ACE-2 gene (hACE2), either by 

viral transduction or by using genetic engineering tools.[21] 

 

Mouse-Adapted SARS-CoV-2 model 
Standard inbred mouse strains such as WT BALB/c mice, C57BL/6 mice can be made susceptible to the SARS-CoV-2 

infection by serially passage of the virus in the respiratory tracts of young BALB/c mice.[22] This has led to the generation 

of a mouse-adapted SARS- CoV strain (MA15) which was lethal to the mice 3 days post infection (dpi).[22] The infection 

resulted in high viral titers in the lungs from 1 dpi, followed by viremia and diffusion to extra-pulmonary sites with 

significant lymphopenia, neutrophilia, mild and focal pneumonitis, and necrotic cellular debris in the airways and alveoli 

being observed.[22] Nevertheless, these adapted mouse strains can be used for developing neutralizing antibodies against 

the spike protein, pseudo viral vaccine candidates, and other antiviral drugs.[23] 

 

Transgenic mouse model expressing hACE2:  
Genetic alteration of the lab mouse has shown to help in viral binding to mouse ACE-2, expression of human ACE-2 

under the influence of a variety of tissue-specific promoters, and the transfection of mice with human ACE-2 cDNA using 

viral vectors.[24] Given the similarity between SARS-CoV-2 to SARS-Co V in its use of ACE-2 as an entry receptor, 

several research teams have evaluated transgenic mice expressing hACE2 under the control of HFH1/FOXJ1, HFH4, K18, 

and mouse ACE2 promoters.[25-30] These ACE-2 transgenic mouse models could potentially be useful in studying the 

SARSCoV-2 replication in lungs and its subsequent pathogenesis. However, SARS-CoV-2 infection in some transgenic 

mouse models have led to neuro-invasion with high viral replication in the brain, which may consequently be related to 

its high lethality. [26-29] 

 

K18 Promoter-hACE2 Transgenic Mouse Model 
K18-hACE2 mice, when treated with doses of SARS-Co V (2.3 9 104 PFU) were observed to develop severe lung damage 

and neuronal damage to the CNS. The transgenic mice exhibited viral replication in the lungs, weight loss, pathological 

lung inflammation, and followed by mortality at 4 dpi. However, SARS-CoV-2 at 105 TCID50 caused weight loss, evoked 

antibody responses, and developed histological evidence of lung inflammation in K18-hACE2 transgenic mice in a 

dependent manner with interstitial congestion, inflammatory exudate, epithelial damage, etc. [25,31] These mouse models 

provide a stringent test for vaccine and therapeutic efficacy and may be useful for pathogenic studies. 
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HFH4/FOXJ1 Promoter-hACE2 Transgenic Mouse Model 
Earlier studies have shown that transgenic mice over expressing hACE2 under the control of HFH4/FOXJ1 promoters 

were susceptible to SARS-CoV-2 infection.[26] Other studies exhibited that HFH4-hACE2 infected mice had detectable 

viral titers in the lung, eyes, brain, and heart, suggesting that the virus may have had additional tissue tropisms following 

the initial lung infection.[25,26] Most infected HFH4-hACE2 mice had minimal weight loss over 7 dpi. However, mice that 

later became moribund showed significant weight loss from day 4 and significant lymphopenia and neutrophilia in 

peripheral blood on day 6, which was indicative of severe human disease. [32,33] Lung histology showed initial macrophage 

and lymphocyte infiltration and fibrin exudation from 1 dpi, which steadily progressed to severe pneumonia, blockage of 

terminal bronchioles, extensive fibroplasia, and alveolar necrosis by day 7.[26] 

 

Murine mAce2 Promoter-hACE2 Transgenic Mouse Model 
The first live SARS-CoV-2 infection model used was the transgenic mice expressing hACE2 under the control of the 

mACE2 promoter. [25,34] The mice exhibited significant weight loss over a 14-day infection period and high viral lung titers 

of 1–5 dpi. Histological lung examination revealed moderate interstitial pneumonia, infiltration of lymphocytes, mucus 

accumulation, and desquamation of bronchial epithelial cells from day 3.[25] There were no detectable viral titers or 

pathology in other tissues or organs, except for day 1 in the intestine, suggesting that infection was localized almost 

exclusively to the lungs. 

 

Viral Transduction of hACE2 Using Adenoviral systems 
Transduction of the BALB/c mice with adenovirus containing hACE2 (AdV-hACE2) was observed to lead to a stable 

hACE2 expression in the lungs from 10hrs post-transfection.[35] SARS-CoV-2 infected AdVhACE2 mice exhibited ~10% 

weight loss over 8 days of infection coupled with high viral lung titers, and modest viral titers in the heart, brain, liver, 

and spleen. Histological examination also revealed extensive neutrophil accumulation in perivascular and alveolar 

locations, and vascular congestion.[24] This model can be potentially suitable for researching on drug therapy and antibody 

testing.[24] 

 

Murine mAce2 Exon 2-hACE2 Knock in Mouse using g CRISPR-Cas9 technology 
In a past study, the hACE2 cDNA was inserted into Exon 2 of the mAce2 gene using the CRISPR Cas-9 gene editing 

technology to disrupt the mAce2 gene expression and drive the expression of hACE2 under the control of the mAce2 

promoter.[35] In the lungs, hACE2 was expressed in the CC10+ Clara cells in the airways as well as a subpopulation of 

surfactant protein C positive alveolar type II cells. High viral loads of SARS-CoV2 were evident in the lung, trachea, and 

brain (despite low hACE2 expression) on intranasal infection.[35] Young inoculated animals did not display obvious 

clinical symptoms but developed interstitial pneumonia and vascular system injury. More severe disease was seen in aged 

mice population expressing the hACE2. These mice exhibited marked weight loss, prolonged viral shedding (including 

from feces), and severe pneumonia accompanied by stronger cytokine responses. Intragastric inoculation of SARS-CoV-

2 induced productive infection and pulmonary disease.[35] 

Besides this, a few knock-out mouse models have been developed to understand the pathology of SARS-CoV-2. Amongst 

them, ACE-/- knockout mice can potentially be used to study the effects of Angiotensin conversion enzyme during acute 

lung injury study.[36] Using TMPRSS2-/-knockout mice, the role of TMPRSS2 during SARS-CoV entry into cells can be 

researched upon for developing new drugs against SARS-CoV-2 infections.[37] Humanized DPP4 mice and STAT-1-/-

knockout mice, having susceptibility to coronavirus infection and used in prior studies as a model for MERS, can possess 

the potential to help in SARS-CoV-2 research as well.[38,39] 

 

Syrian hamster model 
Syrian hamsters demonstrate clinical features, viral kinetics, histopathological changes, and immune responses that closely 

mimic the mild to the moderate disease that have been described in human COVID-19 patients.[40-42] Golden Syrian 

hamsters’ (Mesocricetus auratus) ACE 2 receptor binds to the SARS-CoV-2 spike protein, rendering this species highly 

susceptible to infection with doses as low as 5 TCID50.[43] In this form of the non-lethal disease, the clinical symptoms 

included rapid breathing, decreased activity, and weight loss that was most severe by 6-dpi. Airway involvement was 

evident, with histopathology evidencing progression from initial exudative phase of diffuse alveolar damage and extensive 

apoptosis to the later proliferative phase of tissue repair. Micro-CT analysis of the infected hamsters revealed severe lung 

injury with the degree of lung abnormalities related to the infection dose. High-dose SARS-CoV-2 infection was observed 

to lead to severe weight loss and partial mortality while older hamsters appeared to exhibit more pronounced and consistent 

weight loss. [44,45] Other findings included intestinal mucosal inflammation, degenerative changes, and lymphoid necrosis. 

There was a marked activation of the innate immune response, with high levels of chemokines/cytokines induced by the 

infection.[42] Evidence of transmission of COVID-19 from infected hamsters to uninfected cage mates was suggestive of 

the utility of the model for studying transmission mechanisms.[46] 

 

Ferret models 
Ferrets have been considered as good models for studying respiratory diseases, as the physiology of their lungs and airways 

are close to that of humans.[47] Unlike rodents, ferrets cough and possess a sneeze reflex, making them a particularly useful 

model in the study of disease transmission. Ferrets have been observed to exhibit lethargy and visually show appetite loss 

following infection with SARS-CoV-2 via the intranasal route, but the disease does not progress to acute respiratory 

disease and the animals recover from the infection.[48] Virus shedding from the upper respiratory tract (nasal washes, 
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saliva) can persist for up to 21 dpi with the length of shedding appearing to be dependent on the initial viral challenge 

dose and can be intermittent after 14 days. Mild multifocal bronchopneumonia was observed in early post-infection (day 

3 in animals receiving 4 to 6 logs of the virus). Fever has been reported in some studies, but neither coughing nor dyspnoea 

have been observed. [48,49] Ferrets re-challenged after 28 dpi appear to be completely protected against re-infection.[50] 

Studies performed in ferrets till date strongly indicate that experimental SARS-CoV-2 infection results in a predominantly 

upper-respiratory-tract infection in these animals.[50] 

 

Non-human primates 
Some of the Non-human primates which have been used for COVID-19 research are rhesus macaques, cynomolgus 

macaques, and African green monkeys.[51] NHPs physiologically and phylogenetically mimic humans, which have made 

them the gold standard for the study of emerging viruses.[52] 

 

Rhesus macaques (M. mulatta) infected with SARS CoV-2 developed a moderate, non-lethal shedding disease phenotype 

with few to no clinical manifestations such as reduced appetite, mild dehydration, tachypnoea, piloerection, and 

dyspnoea.[53] The virus was detected in the nasal, throat, rectal, and ocular swabs and in bronchoalveolar lavage (BALs) 

through median tissue culture infectious dose (TCID50) beginning at approximately 2dpi, peaking around 4/5dpi, and 

decreasing after 6 dpi.[53]  When reported, fever was mild and transient beginning shortly after 2 dpi and resolving within 

2 or 3 days.[53] Bodyweight loss was found in mild infection along with transient drops in weight followed by complete 

recovery.[53] Transient leucocytosis, neutrophilia, monocytosis, and lymphopenia were also reported.[53,55] Imaging 

(radiographs or PET/CT) confirmed that the rhesus macaques were infected, with infiltrates and ground-glass appearances 

in radiographs, which began early after exposure (2 or 3dpi) and resolved by 10–14 dpi.[53,55] Anecdotal evidence suggested 

that older rhesus macaques developed chronic infection in which infiltrates persisted throughout the study. [56] 

 

Cynomolgus macaques (M. fascicularis), when exposed to SARS-CoV2, became infected but exhibited no overt clinical 

signs of disease.[57] Virus shedding from the upper respiratory tract occurred, peaking early at 1dpi in young animals and 

4 dpi in aged (15–20 years) animals, then decreased rapidly but with intermittent detection up to 10dpi.[57] Overall, higher 

levels of virus shedding were measured in aged animals than in younger animals.[57] They developed mild to moderate 

lung abnormalities and macroscopic lesions in the lungs including alveolar and bronchiolar epithelial necrosis, alveolar 

edema, hyaline membrane formation, and accumulation of immune cells.[58,59] While the infection was self-limiting, the 

disease in cynomolgus macaques does mirror many aspects of human COVID-19 and could potentially be utilized to test 

preventative and therapeutic strategies.[57] 

 

African green monkeys (AGMs) exposed to SARS-CoV-2 as young adults displayed a mild, non-lethal shedding disease 

phenotype that included few to no clinical observations.[60] If any clinical observations, such as fever, were reported, they 

were typically transient and mild with no serious manifestations. [60,61] Bodyweight findings were also generally 

unremarkable. Clinical chemistry and haematology revealed mild and transient shifts in leukocyte populations, mild 

thrombocytopenia, and selected liver enzymes.[61] A measure of acute inflammation, CRP was elevated during early stages 

of the infection. Imaging (radiographs or PET/CT) confirmed that AGMs were infected with the presence of infiltrates 

and ground-glass appearances in radiographs beginning early after 2 or 3 dpi and resolving by 10dpi.[61] PET/CT images 

also corroborated the radiographical findings.[61] 

 

CONCLUSION 
There is a dire need for the development of animal models to promote preclinical research in COVID-19. Animal models 

are required to define the cause and effects, and to elucidate and validate the pathophysiology and transmission processes 

that can be translated into human studies. However, there is no clear preferred model for studying the SARS CoV-2 

infection as the clinical signs, recovery, and transmission vary between and within species. Each animal model seems to 

have its own merits and demerits, and careful consideration is required before the selection of animal models. Genetically 

engineered mice, mice infected with modified adenoviruses, mice changed with CRISPR, and WT mice infected with 

mouse-adapted viruses will probably be the most commonly employed models due to their ease of handling and cheaper 

prices. They'd also be employed again because they mimic human lung inflammation, histopathology, and pneumonia 

characteristics. However, researchers using these mouse strains should be careful in interpreting the data obtained. Studies 

performed on transgenic mice can provide a proof of concept for understanding the viral pathogenesis. The review of past 

studies show that hamsters are ideal for studying the replication of mild SARS-CoV-2 infections seen in humans, as well 

as analysing the virus's host defence response. They may also be utilized to better understand the SARS-CoV-2 

pathogenesis and to test vaccines and antiviral medicines. Ferrets on the other hand can be appropriate models for studying 

disease transmission and lung infections. SARS-CoV-2 infection in non-human primates, particularly the rhesus macaque, 

is most similar to that seen in humans, and therefore could be a useful model for testing vaccinations and medication 

efficacy. 

 

All the animal models available as of date are invaluable scientific resources for researchers to elucidate the preclinical 

data on investigational products to prevent and control COVID-19. However, these resources on animal models need to 

be clearer and validated by many more studies to understand the disease pattern as seen in humans. Standardization of 

animal models is critical for future research on COVID-19 for comparing different medications and vaccine candidates, 

as well as for developing appropriate animal models for drug testing and testing vaccine efficacy/potential. 
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INTRODUCTION

Oral submucous fibrosis (OSMF) constitutes an oral 
premalignant condition induced by areca nut ingestion 
and is considered an uncontrolled tissue healing response 

resulting in fibrosis.[1] Clinically, OSMF presents with a 
burning sensation in the mouth, stiffening of  the mucosa, 
and reduced mouth opening, among other changes that 
lead to difficulty in food consumption and generalized 
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present study aimed to evaluate the role of PDCD4 in the regulation of fibroblast differentiation in OSMF.
Materials and Methods: Paraffin-embedded tissue sections from 45 cases of the normal oral mucosa, 
early OSMF and advanced OSMF were examined for PDCD4 and αSMA expression by immunostaining. 
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debilitation. Histologically, it is associated with progressive 
changes in the connective tissue such as fibrosis and 
hyalinization, along with atrophy of  the epithelium 
in advanced cases. The connective tissue response to 
arecoline, a major alkaloid of  areca nut, is known to 
up‑regulate pro‑inflammatory and pro‑fibrotic cytokines, 
such as Transforming Growth Factor‑beta (TGF‑β). 
TGF‑β leads to the differentiation of  stromal fibroblasts to 
alpha smooth muscle actin positive (αSMA) myofibroblasts 
that are well known to promote matrix synthesis and tissue 
contraction.[2,3] Recently, alkaloids of  arecanut, namely 
arecaidine and guvacine, along with the polyphenols such 
as catechin and tannins, have also been shown to induce 
TGF‑β signaling in epithelial cells contributing to the 
complex pathogenesis of  OSMF.[4,5]

Programmed cell death 4 (PDCD4) is a well‑known 
pro‑apoptotic protein recognized for its roles in 
transcription and translation pathways in tumor growth 
and metastasis. PDCD4 has been observed to promote 
fibroblasts differentiation in renal and liver fibrosis 
through TGF‑β and other regulatory pathways.[6‑8] In a 
recent study, we observed reduced PDCD‑4 expression in 
oral dysplastic and oral carcinomas compared to normal 
epithelial mucosa.[9] The decrease in PDCD4 expression 
in transforming epithelia appeared to correlate well with 
reduced cell death observed in these lesions. A key reason 
for the persistence of  myofibroblast phenotypes has been 
their ability to evade apoptosis.[10] Thus, the premise for this 
study was to examine if  the changes in PDCD4 expression 
would correlate with increased differentiation of  oral 
stromal fibroblasts into αSMA positive myofibroblasts. We 
investigated αSMA and PDCD4 expression in the normal 
and progressive stage of  OSMF oral mucosa to assess its 
putative role in tissue fibrosis.

MATERIALS AND METHODS

Human tissue samples
Following ethical clearance from the Institute, archival 
formalin‑fixed, paraffin‑embedded tissues of  normal 
mucosa (n = 10), and OSMF (n = 30) were retrieved. 
Clinical data were used to evaluate the history with areca 
nut consumption and for the absence of  other local and 
systemic factors or illnesses.

Histological analyses
Three continuous sections of  4 um were cut, and 
one section was stained using hematoxylin and eosin. 
Histological grading from I through IV was based on 
criteria elaborated by Pindborg and Sirsat.[1] Cases were 
then categorized into two groups as either early OSMF for 

histological Grades I and II cases (Group 2) or advanced 
OSMF for histological Grade III and IV cases (Group 3) 
and compared to normal mucosa (Group 1).

Immunostaining
Two sections were used for immunohistochemistry 
with PDCD4 (Clone EPR3432, BioGenex Lab) and 
αSMA (clone EP188, PathnSitu). The primary antibody 
was detected using a one‑step polymer HRP kit (PEH2, 
PathnSitu) by the Avidin-Biotin complex and counterstained 
with Harris’s hematoxylin.[11]

Immunostaining analyses
Sections were analyzed for the staining intensity, 
localization and pattern by two independent examiners. 
The two examiners had similar levels of  experience 
with training in immunohistochemical and pathological 
evaluation of  oral lesions. The inter‑observer agreement 
using a training set was 0.89 (Kappa statistic). For study 
groups, any discrepancy in scoring was resolved by the 
consensus on a multi‑head microscope.

A modified scoring criterion was adopted due to the 
compression and amassing of  the cells noted in histological 
sections in OSMF. To compare the expression of  PDCD4 
and aSMA in fibroblasts, consecutive sections were stained 
and analyzed. Subjective errors on identifying cell types 
such as endothelial cells, inflammatory cells and fibroblast 
were reduced by confirmed at high magnification prior to 
scoring. For αSMA expression, the intensity of  positive 
cells was scored as 0 for no staining, 1 for cells visible 
at high power and 2 for cells visible at medium power. 
For the αSMA expression pattern, scoring criteria by 
Etemad‑Moghadam et al. were modified as follows: 
0‑absent to 1, 2 or 3 for low expression and 4, 5 or 6 for high 
expression of  αSMA+ cells.[12] The intensity for PDCD4 
expression was scored as 0 for no staining, 1 for mild to 
moderate brown, 2 for dark brown as per modified Reis and 
Tomenson criteria.[13] To assess percentage of  expression 
for both αSMA and PDCD4, percentage of  positively 
stained fibroblast were scored as 0 = 0%–10% positive cells, 
1 = 11%–30% positive cells, 2 = 31%–60% positive cells 
and 3 = 60%–100% positive cells per field. A cumulative 
total score representing the intensity and percentage was 
expressed as 0, 1 and 2 indicated low/normal expression 
pattern while 3, 4 and 5 indicated overexpression pattern.

Statistical analyses
Expression data for PDCD4 and αSMA were tabulated 
in Excel and analyzed in SPSS (version 16.0, IBM, Seattle, 
Washington, USA) for statistical significance. To test the 
association between the two, the Chi‑square and Fisher 
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exact tests were performed, and their correlation was 
determined using the Spearman’s correlation test.

RESULTS

αSMA expression and localization within connective tissue 
cells
All the cases of  normal mucosa and 10 of  15 (66.7%) 
of  early OSMF cases demonstrated a low frequency of  
fibroblasts expressing αSMA [Figure 1a]. Amongst these, 
eight cases of  normal mucosa presented with an absence 
of  staining for αSMA fibroblasts. Total expression of  
αSMA showed similar results in normal mucosa and 
early OSMF (P = 0.061) [Table 1]. In the advanced 
OSMF group, 13 out of  15 cases (86.7%) presented 
with a high frequency of  αSMA myofibroblasts. The 
frequency of  αSMA myofibroblast between normal 
mucosa and early OSMF versus advanced OSMF groups 
was statistically significant (P = 0.001 and P = 0.0008, 
respectively) [Table 1]. On examining their localization, 
αSMA+ myofibroblasts were present within superficial 
connective tissue and epithelial‑connective tissue junction 
in early OSMF cases [Figure 1b]. In advanced OSMF cases, 
the localization varied and could be appreciated even in the 

deeper stroma [Figure 1c]. Taken together, normal mucosa 
and early OSMF cases presented with a low frequency 
of  αSMA+ fibroblasts, while advanced OSMF exhibited 
high frequency (P = 0.001) [Table 2]. These results clearly 
established the preponderance of  αSMA+ myofibroblasts 
with progressive OSMF stages.

Programmed cell death 4 expression and localization within 
connective tissue cells
Next, we examined PDCD4 intensity and pattern in these 
tissues. PDCD4 expression is predominantly limited to 
the nucleus, with low cytoplasmic expression in normal 
cells. We observed positive staining for fibroblasts in all 
three groups [Figure 1d‑f]. Nuclear PDCD4 staining in the 
epithelium in normal and early OSMF was evident, while 
it appears to be predominantly cytoplasmic in advanced 
OSMF. A significant reduction in total PDCD4 expression 
in early OSMF (P = 0.05) and advanced OSMF (P = 0.001) 
was observed compared to normal mucosa [Table 3]. 
PDCD4 expression among the OSMF groups appeared 
to be similar. Next, we examined the pattern of  PDCD4 
expression in these tissues and noted lower percentage of  
positive cells with increasing grade of  fibrosis. Overall, the 

Figure 1: Consecutive histological sections of normal oral mucosa, early and advanced Oral submucous fibrosis stained with αSMA, and 
programmed cell death 4. (a) Photomicrograph of normal oral mucosa stained with aSMA with positive cytoplasmic staining of αSMA (arrows), 
predominantly in a perivascular location; (b) Photomicrograph of early Oral submucous fibrosis showing aSMA positive fibroblasts in the connective 
tissue stroma with a high-power magnification (black circle and inset image); (c) Photomicrograph of advanced Oral submucous fibrosis showing 
aSMA positive fibroblasts in the juxtaepithelial (black circle) and deeper connective tissue stroma (red circle), inset shows high-power image with 
prominent αSMA expression; (d) Photomicrograph of normal oral mucosa stained with Programmed Cell Death 4 showing epithelium, stromal 
fibroblasts (marked by arrow) and a nuclear and peri-vascular localization; (e) Photomicrograph of early oral submucous fibrosis showing mild 
programmed cell death 4 expression in stromal fibroblasts (black circle and inset image); (f) Photomicrograph of advanced oral submucous 
fibrosis showing few programmed cell death 4 positive fibroblasts throughout superficial (black circle) and deep connective tissue (red circle), 
inset shows high‑power image noting lack of prominent staining
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differences in PDCD4 staining among the three groups 
were strikingly significant (P = 0.001) [Table 4]. These 
observations established a reduced expression of  PDCD4 
were consistent with prior observations noting PDCD4 in 
tissue fibrosis.

Correlating αSMA and programmed cell death 4 expression 
in fibroblasts
Finally, to examine the αSMA and PDCD4 expression 
in fibroblasts, we compared immunostaining in the 
consequent section in each case. Normal oral mucosa and 
advanced OSMF demonstrated an inverse relationship 
between αSMA and PDCD4 staining using Spearman’s 
rank correlation (correlation coefficient = −0.71) [Table 5].

DISCUSSION

Oral tissues are well known to be minimally fibrotic, leading 

to comparisons with fetal‑like nonscarring wounds.[14‑16] The 
significant immune‑active surveillance, including the role of  
saliva in the oral cavity, has been correlated with a mitigated 
inflammatory response that appears to shift the tissue 
healing response to a nonscarring resolution. Several studies 
have examined the role of  matrix molecules (small leucine 
proteoglycans), adhesion molecules (integrins αVβ6, Connexin 
43, and CD 44), and growth factor isoforms (TGF‑β3 versus 
β1) in mediating this phenotype.[17‑22] It appears to be a critical 
teleological adaption that enables normal oral functions due to 
injury and rapid healing necessary for normal oral physiological 
functions. In this context, an oral disease with prominent 
clinical manifestation of  fibrosis, as evident in OSMF is a 
striking dichotomy from the normal oral pathophysiological 
responses. Normal oral healing has transient expression of  
myofibroblasts, analogous to cutaneous wounds but has 
been demonstrated to involve minimal matrix synthesis and 
contraction.[14] Myofibroblasts play key, permissive roles in 

Table 1: Comparison of the alpha‑smooth muscle actin expression of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups ɑSMA expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 10 (100) 0 10 (100) 1 versus 2
0.061 (NS)

‑ 1 versus 3
0.008*Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100) 2 versus 3

0.001*Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100) ‑

Fisher’s exact test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, ɑSMA: Alpha‑smooth actin, PDCD4: Programmed 
cell death 4, OSMF: Oral submucous fibrosis

Table 2: Comparison of the alpha‑smooth muscle actin expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups ɑSMA pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 10 (100) 0 10 (100) 0.001*
Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100)
Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100)

Chi‑square test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. ɑSMA: Alpha‑smooth actin, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 3: Comparison of Programmed Cell Death 4 expression of fibroblasts in normal oral mucosa, early oral submucous fibrosis, 
and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups PDCD4 expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 0 10 (100) 10 (100) 1 versus 2
0.050*

‑ 1 versus 3
0.001*Early OSMF (2) 6 (40) 9 (60) 15 (100) 2 versus 3

0.139 (NS)Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100) ‑

Fisher’s exact test, *P≤*stt, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 4: Comparison of Programmed Cell Death 4 expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups PDCD4 pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 0 (0) 10 (100) 10 (100) 0.001*
Early OSMF (2) 6 (40) 9 (60) 15 (100)
Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100)

*P≤0.05, Chi‑square test, PDCD4 expression scores: 0‑2 low, 3‑5 high. PDCD4: Programmed cell death 4, OSMF: Oral submucous fibrosis



Desai, et al.: PDCD4 regulates myofibroblast differentiation

434  Journal of Oral and Maxillofacial Pathology | Volume 25 | Issue 3 | September-December 2021

the progression of  malignant tissues.[23,24] Given the reported 
premalignant potential for OSMF, the role of  myofibroblasts 
in determining its biological behavior has important clinical 
implications.

Recent advances in matrix biology have unraveled a broad 
heterogeneity in fibroblasts within connective tissue.[25] 
While the precise origin of  the myofibroblasts remains 
unclear, phenotypic similarities have suggested that they 
arise from peri‑vascular (pericyte) and stromal fibroblasts.[26] 
A key signaling pathway, TGF‑β1, has been well established 
as a primary inducer of  the αSMA differentiated 
myofibroblast phenotype.[5] Further, several downstream 
signaling intermediates such as HiC5, miR21, and PDCD4 
have been implicated in the TGF‑β driven process leading 
to organ fibrosis and tumor stroma modulation.[6‑8,27‑29] 
Among them, PDCD4 is known to regulate cell apoptosis 
and has roles in the activated fibroblast phenotype. The 
presence of  nuclear (active) versus cytoplasmic localization 
of  PDCD4 reflects its functional state in various cell 
types.[30] Loss of  PDCD4 expression is associated with 
increased cell survival and changes in cellular functions. 
However, differences in apoptosis sensitivity and rate cell 
turnover of  oral versus cutaneous cells have been well 
reported.[31]

This study was aimed at examining the role of  PDCD4 
and myofibroblasts in OSMF. As anticipated, there was a 
distinct increase in the number of  αSMA myofibroblasts 
in progressive OSMF stages, as reported previously.[32‑34] 
Moreover, we noted PDCD4 expression in normal mucosa 
and early OSMF was predominantly nuclear in the stromal 
fibroblasts. Interestingly, the advanced cases of  OSMF 
showed either low or absence of  nuclear PDCD4 expression 

in the stromal fibroblasts. Further, consecutive sections 
stained with PDCD4 and αSMA demonstrated a high 
negative correlation in advanced OSMF cases. These results 
are consistent with recent reports by Zang et al. and Sun 
et al., who reported αSMA myofibroblasts lacked PDCD4 
expression in hepatic and renal fibrosis, respectively.[7,8] 
They implicate the lack of  PDCD4 expression to a TGF‑β 
driven miR‑21 and activation protein‑1 feedback loop 
during myofibroblast transformation. Thus, our findings 
are in congruence and support the hypothesis that PDCD4 
plays a central role in myofibroblast differentiation leading 
to tissue fibrosis.

OSMF represents both features of  a fibrotic stroma and 
an atrophic epithelial component with discrete histological 
and clinical courses in stark contrast to oral squamous cell 
carcinomas.[35,36] Recent reports have emphasized that the 
OSCC arising in preexisting OSMF has a more verrucous 
and ulcero‑hyperproliferative nature with an indolent 
clinical course.[36‑38] These together suggest that while 
OSMF is a degenerative (epithelial atrophy) and aberrant 
healing (stromal fibrosis) response, a secondary crucial 
transformative event is necessary for malignancy. The 
chronic, sustained exposures of  epithelial components to 
the injurious agent (areca nut, tobacco, or combinations) 
along with permissive changes in the underlying stroma 
such as fibrosis and hypoxia may contribute to the low but 
consistent, premalignant potential of  OSMF. While the key 
molecular event mediating this transformation remains 
to be fully investigated, a potential candidate could be 
PDCD4 with its low, cytoplasmic expression evident in the 
OMSF epithelium as well as other dysplastic, premalignant 
oral lesions.[9,13] These observations are supported by the 
well‑documented tumor suppressor role of  PDCD‑4 in 
carcinomas from multiple anatomical sites such as cervical, 
colorectal, endometrial, breast, pancreatic, prostate, 
gastric, brain, esophagus, lung and ovarian cancers, among 
others.[39‑47] Thus, PDCD4 expression in oral premalignant 
lesions, including OSMF in their epithelial compartment, 
could potentially useful for prognostication of  clinical risk, 
protracted surveillance, and monitoring.

CONCLUSION

This study noted a negative correlation of  PDCD4 
expression with increased myofibroblast differentiation in 
OSMF. Future investigations can focus on therapeutically 
targeting the TGF‑β regulated miR21‑PDCD4‑mediated 
stromal signaling for OSMF management.
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ABSTRACT

Background and Aim: Cancer-associated fibroblasts (CAFs) are among the key tumor 
microenvironment components that determine tumor invasion, progression, and resistance to cancer 
therapeutics. Histologically normal mucosa adjacent to oral squamous cell carcinoma (OSCC) has 
been shown to harbor CAFs which aid in the loco-regional recurrence of the lesion. Verrucous 
carcinoma (VC), a low-grade variant of squamous cell carcinoma, has a better clinical outcome. 
However, few VCs show an aggressive biological course and necessitate wide excision with strict 
follow-up. Scarce literature is available regarding the role of CAFs in VCs. Thus, our study aimed to 
evaluate the frequency of CAFs in OSCC, normal mucosa adjacent to OSCC, and VC.
Methods: Thirty cases of squamous cell carcinoma, normal mucosa adjacent to OSCC, and VC each 
were included in the study. The sections were stained with an antibody against alpha-smooth muscle 
actin protein and CAF frequency was evaluated.
Results: The CAF frequency was highest in squamous cell carcinoma, followed by VC, and least in 
normal mucosa adjacent to OSCC (P<0.001).
Conclusion: CAF frequency progressively increases with an increase in the grade or biological 
behavior of the lesion. Thus, screening CAF frequency in these benign and malignant oral lesions is 
necessary for better treatment outcomes.
Relevance for Patients: The immunohistochemical screening for CAFs in OSCC and VC can serve 
as an integrated approach for the development of a directed treatment plan that leads to a better 
patient prognosis. Routine assessment of CAF frequency in surgical margins can serve as an adjunct 
in determining clear margins and possible locoregional recurrence. Furthermore, target therapy for 
CAFs can be used to minimize possible recurrence and distant metastasis.

1. Introduction

Cancer and its microenvironment are a conglomerate of numerous factors that self-support 
the growth and progression of cancer cells. Cancer-associated fibroblasts (CAFs) form one such 
integral part of the microenvironment that drive tumorigenesis and metastasis [1,2]. CAFs can 
be derived from local fibroblasts, endothelial cells, hemopoietic stem cells, preadipocytes, and 
tumor epithelial cells by epithelial-mesenchymal transition [1-3]. These CAFs interact with 
epithelial cells and other connective tissue cells and regulate tumor invasion and angiogenesis 
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[4-12]. They modulate the stroma primarily by the production 
of factors such as metalloproteinase, growth factors, cytokines, 
and chemokines [10-14]. CAFs are a prominent feature of the 
tumor stroma of many, but not all oral squamous cell carcinomas 
(OSCCs) [4]. When present, CAFs are associated with resistance to 
immunotherapy and poor disease-free survival in OSCC [4,14-16]. 
In addition, the CAFs have also been found in potentially malignant 
conditions and histologically normal mucosa adjacent to oral 
squamous cell carcinoma (HNMOSCC) [17-21].

Benign tumors such as Verrucous Carcinomas (VCs) generally 
have a better clinical outcome; however, 1/5th of VCs co-exist 
with an OSCC. Such hybrid tumors may remain histologically 
unidentified and have a greater tendency to recur locally [21]. 
Hence, it is essential to differentiate these VCs from the 
conventional ones at the time of diagnosis for improved treatment 
outcomes. Understanding the molecular differences between VCs 
and OSCCs has been the focus of various studies [21-29]. However, 
most of these studies concentrate on the differences between the 
malignant epithelial components but the stromal component of 
VCs is relatively unexplored. Thus, the present study aimed to 
evaluate the role and difference in the CAF frequency in OSCCs, 
HNMOSCC, and VCs.

2. Methods

In the present retrospective study, histologically diagnosed tissue 
blocks of OSCCs, VCs, and HNMOSCC (30 each) were obtained 
from the department archives. The study was exempt from the 
institutional ethical committee review because of its retrospective 
nature. The patient-matched OSCC lesional tissue and HNMOSCC 
were obtained from the surgical excision and radical neck 
dissection specimens available in the archives. The HNMOSCC 
included were taken one centimeter beyond the surgical margin of 
OSCC; they were histologically tumor-free and the epithelium was 
devoid of dysplasia. The patient-matched OSCC and HNMOSCC 
tissues consisted of 26 male and four female patients. The age 
range was 35-90 years. The most common site involved was buccal 
mucosa (12 cases), followed by the tongue (seven cases), alveolar 
mucosa (three cases), retromolar area (three cases), gingivobuccal 
sulcus (three cases), and palate (two cases). VC had 16 male and 
14 female patients in the age range of 35-80 years. VCs were 
predominantly located on the buccal mucosa (18 cases) followed 
by labial mucosa (four cases), two cases of buccal vestibule and 
gingivobuccal sulcus; and one case each of retromolar area, tongue 
and alveolar mucosa and palate. Tissue sections of 4 µm thickness 
were taken on 3-aminopropyl triethoxy silane-coated slides. 
One section was stained using Harris hematoxylin-eosin and the 
other with αSMA (ready to use, Monoclonal Mouse Anti-Human 
αSMA, Clone 1A4; catalog no AM128-5M BioGenex Lab). 
The αSMA antibody is widely used as an immunohistochemical 
marker for the identification of differentiated fibroblasts/CAFs 
[12]. Immunohistochemically stained sections with αSMA 
were evaluated for the frequency of expression of CAFs. The 
blood vessels stained positively with αSMA acted as an internal 
positive control for each slide. The slides were evaluated by three 

independent oral pathologists with similar training and experience. 
The difference in scoring of CAFs was settled by consensus using 
a Penta-head microscope. Kellerman’s scoring criteria [14] was 
modified and utilized to evaluate the slides based on the percentage 
of stained cells. The cells were evaluated at ×10 and confirmed 
further at ×40. The score was considered as 0 for no expression of 
CAFs, 1 for 1-20% CAFs, 2 for 21-40% CAFs, 3 for 41-60% CAFs 
and 4 for >60% CAF expression. This criterion for scoring was 
used to reduce the manual errors caused by subjective evaluation 
of staining intensity.

2.1. Statistical analysis

The data were tabulated and analyzed in the SPSS software. The 
data were analyzed using Kruskal–Wallis tests and Mann–Whitney 
test (p≤0.05 was considered significant).

3. Results

The frequency scores of αSMA positive CAFs in OSCCs ranged 
from 1 to 4 (Figure 1A-D). About 40% OSCCs (12/30 cases) exhibited 
CAF score 3, that is, 41-60% CAFs in the stroma (Figure 1C). In case 
of HNMOSCC, 13.3% of cases showed no CAF expression (Figure 
2A) and remaining showed expression of score 1 (Figure 2B). About 
10% of VCs did not show αSMA positive CAF (Figure 3A). 50% 
VCs (15/30 cases) had the expression of Score 1 (Figure 3B), 20% 
VCs expressed Score 2 (Figure 3C), 16.7% VCs had Score 3 (Figure 
3D), and only 3.3% VCs expressed Score 4 CAF frequency (Figure 
3E). On comparing the CAF frequency between the study groups 
using Kruskal-Wallis and Mann-Whitney test, we found the results 
to be statistically significant (P<0.001) (Tables 1 and 2).

Histologically, OSCCs showed CAFs with the network-like 
(Figure 1C) and spindled (Figure 1D) arrangement pattern. These 
CAFs were primarily noted in the tumor-invasive front. Whereas 

Figure 1. Photomicrographs of OSCC stained with αSMA antibody 
depicting different scores of expression of CAFs (A) Score 1, that is, 
1–20% CAFs (×10), (B) Score 2, that is, 21–40% CAFs (×10), (C) Score 
3, that is, 41–60% CAFs (×10) and (D) Score 4 for >60% CAF expression 
(×10). (Red arrowheads show tumor islands and black arrows indicate 
CAFs). OSCC: Oral squamous cell carcinoma, CAFs: Cancer-associated 
fibroblasts.

A

C

B
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VCs showed the CAFs arrangement in spindled patterns adjacent 
to bulbous rete ridges (Figure 3F). The occurrence of CAFs in 
HNMOSCC was absent or scarce to patchy in distribution.

4. Discussion

Mortality rates of OSCC have remained high even with the 
advances in treatment modalities due to the high loco-regional 
recurrence and metastasis of tumors [13]. Tumor micro-environment 
is implicated in bringing about this progression and metastatic 
changes. The CAFs which are an integral part of the tumor micro-
environment play a central role in facilitating tumor invasion, 
progression, metastasis, and therapeutic resistance [3]. It has been 
observed that the epithelial component of OSCC shows intra-tumor 
and inter-tumor heterogeneity, but the stroma of the OSCC shows 
a consistent signature [1]. This is also reflected through our present 
study wherein αSMA positive CAFs were noted in all the cases of 
OSCC. These results are concurrent with those of Vered et al. [15] 
(100%), Angadi et al. (94%) [17], and Chaudhary et al. [18].

The frequency of CAFs in OSCCs ranged from Score 1 to Score 
4. In OSCCs, the CAFs were found surrounding the tumor islands 
and cords in the stroma, and often in the deep invasive front of 
OSCCs (Figure 1). The arrangement pattern in some cases was in the 
form of delicate rows surrounding and abutting the tumor islands, 
while others showed a marked syncytium-like arrangement of the 
CAF in the stroma. These arrangement patterns could reflect the 
biological dynamic interactions between the components of tumor 
tissues. Kellerman et al. [14] and Vered et al. [15] have put forth 
that increasing frequency of CAF expression is associated with 
poor prognosis. This could be attributed to the fact that the CAFs 
serve as “factories” producing a wide range of proteins, signaling 

Table 2. Comparison of αSMA expression scores/Cancer-associated 
fibroblast frequency among the study groups using Mann–Whitney test.
Groups (n) Z value P value

OSCC (30) 4.063 <0.001*
VC (30)
OSCC (30) 3.020 <0.001*
HNMOSCC (30)
VC (30) 6.497 <0.001*
HNMOSCC (30)

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous 
cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa 
adjacent to oral squamous cell carcinoma

Table 1. Comparison of αSMA expression scores/Cancer-associated fibroblast frequency in all the study groups using Kruskal–Wallis test.
Groups (n) Score 0 (Negative) Score 1 Score 2 Score 3 Score 4 Chi square (χ2) P value

OSCC (30) 0 3 (10%) 9 (30%)) 12 (40%) 6 (20%) χ2=51.840
P<0.001*VC (30) 3 (10%) 15 (50%) 6 (20%) 5 (16.7%) 1 (3.3%)

HNMOSCC (30) 4 (13.3%) 26 (86.7%) 0 0 0

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa adjacent to oral 
squamous cell carcinoma

Figure 2. Photomicrograph of HNMOSCC stained with αSMA antibody. 
(A) Score 0, that is, no CAFs (×10). (B) Score 1 of CAFs in HNMOSCC 
located juxtaepithelially (×40), (blue arrowheads show normal epithelium 
and black arrows show CAFs). HNMOSCC: Histologically normal 
mucosa adjacent to oral squamous cell carcinoma, CAFs: Cancer-
associated fibroblasts. 

A B

Figure 3. Photomicrograph of VCs stained with αSMA demonstrating 
varying score of CAFs (×10) (A) Score 0 with no expression of CAFs, 
(B) Score 1, that is, 1–20% CAFs (×10), (C) Score 2, that is, 21-40% 
CAFs (×10), (D) Score 3, that is, 41–60% CAFs (×10), (E) Score 4 
for >60% CAF expression (×10) and (F) CAFs abutting the tumor rete 
pegs stained with αSMA (×40) (Arrows point to CAFs; red arrowheads 
point tumor rete ridges). VCs: Verrucous carcinomas, CAFs: Cancer-
associated fibroblasts.
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molecules, cytokines, and growth factors. They boost tumor 
angiogenesis, drive tumor invasion, and thereby help in tumor 
progression and metastasis [8,11]. Hence, the carcinomas with 
higher expression of CAF may result in loco-regional recurrence.

Furthermore, in HNMOSCC, we found the presence of αSMA 
positive CAFs in 86.7% of cases. These CAFs were scanty and 
showed juxtaepithelial localization (Figure 2B). The expression of 
CAFs in HNMOSCC was significantly lower than that in OSCC 
(P<0.001). Since CAFs were not present in normal mucosa, as 
demonstrated by Chaudhary et al. [18] and Angadi et al., [22] their 
presence in HNMOSCC suggests that HNMOSCC harbors tumor-
induced changes. Clinically, even if the epithelial malignancy 
is removed with safe margins, yet histologically, CAFs can be 
left behind in the tumor-associated stroma undiagnosed. These 
CAFs can undergo a mesenchymal-epithelial transformation, 
or they may be instrumental in modifying the epithelium to 
produce second primary tumors [22]. Increased frequency of 
CAFs is significantly associated with disease recurrence and 
poor patient survival [15]. Analyzing the “molecular status” of 
the surgical margins to predict the outcome and plan adjuvant 
therapy for OSCC is a more pragmatic approach [30]. CAFs 
mediate microenvironment changes and possible mesenchymal-
epithelial interactions. Their evaluation can aid in understanding 
the biological behavior of OSCCs and surgical margins. Hence, 
αSMA alone or with other markers should be employed to screen 
the surgical margins to predict treatment outcomes.

In the case of VCs, we found that the CAFs were expressed in 
96.7% of cases localizing predominantly around the rete pegs or 
juxtaepithelially (Figure 3B-F). This result was in concordance 
with the findings of Chaudhary et al. [18], who observed 
86.67% of cases showing expression of the CAF in VC. In our 
study, the frequency of CAF in VCs was significantly lower 
than the frequency in OSCCs (P<0.001) and higher than that in 
HNMOSCC (P<0.001). The expression of CAFs in HNMOSCC, 
VCs, and OSCCs can be in a continuum, with HNMOSCC having 
the minimum frequency of CAFs while the cases of OSCCs 
having the maximum frequency.

In HNMOSCC and VCs, CAFs were localized 
juxtaepithelially with no breach in the continuity of the 
basement membrane. This could be because secreted factors 
such as TGF-β1 or microRNAs produced by tumor cells may 
pass through the basal lamina to reach the connective tissue 
thereby bringing about the differentiation of CAFs [3,6]. 
A previous study has found an increased expression of 
TGF-β1 in VCs and OSCCs [27]. CAFs through matrix 
metalloproteinases breakdown the basement and mediate 
digestion to generate tracts for carcinoma cells. Alternatively, 
they can increase permeability and remodel the matrix by 
applying contractile force, thus creating a breach in basement 
membrane fibers to allow the passage of carcinoma cells. 
Hence, VCs with CAFs may be hypothesized to harbor 
areas of basement membrane destruction like that of OSCC. 
This premise could potentially explain the fact reported by 
Johnson et al. [21] that 1/5th of VCs are hybrid tumors that 
demonstrate traditional OSCC like areas and show a tendency 

to recurrence. Immunohistochemical evaluation of CAFs in the 
stroma of VC can help predict molecular micro-environmental 
changes in these indolent lesions. This can enable the surgeons 
to maintain stern follow-up of VCs with a high frequency of 
CAFs. Chaudhary et al. [18] have reported CAFs in VC but, in 
the present study, we have proposed the possible hypothesis for 
transformation of CAFs even in lesions with intact basement 
membrane. Moreover, we also hypothesize that lesions with 
more CAFs may have poor prognosis.

Theoretically, we could associate the CAF frequency to the 
differentiation of epithelial cells. However, being a preliminary 
research, the present study is limited by the lack of follow-up 
data. Further inclusion of histological parameters such as tumor 
thickness, depth of invasion, and neurovascular invasion is needed 
to elaborate on the role and interactions of CAFs with the tumor 
microenvironment. Molecular studies for testing the association of 
high frequency of CAFs with extracellular matrix gene signature, 
immune profiles of inflammatory cells such as macrophages or 
tumor-infiltrating lymphocytes, role of reactive oxygen species, 
and their cross-talks can aid to elicit the dynamics that regulate 
progression and loco-regional recurrence of oral malignancies.

5. Conclusion

The presence of CAFs in VCs highlights the possibility that 
VCs could have an aggressive biological course with increased 
predilection toward post-surgical recurrence. Expression of 
CAF in HNMOSCC supports the theory of the role of CAF in 
field cancerization and development of second primary tumors. 
Hence, instead of a treatment plan solely dependent on clinical 
or histopathological features, screening the tumor and surgical 
margins for CAFs will be of prognostic significance. The present 
report distinctly discusses the role of CAF screening in OSCCs 
and VCs for predicting patient prognosis and highlights the need 
for the development of a CAF-based targeted therapy. Targeted 
therapy for CAFs can aid in minimizing immune response failure, 
recurrence, and distant metastasis.
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RESEARCH ARTICLE

Natural, organic, and herbal mouth rinses do not contain alcohol, 
artificial preservatives, or colors and flavors, and have unique 
therapeutic properties. Hence, they are attaining popularity among 
today’s relatively more aware consumers. Research data supports their 
bactericidal action, antiplaque, and anti-gingivitis efficacy.8 Moreover, 
studies pertaining to herbal mouth rinses and their efficacy in the 
reduction of dental caries are lacking; hence, it is essential to produce 
required evidence. The present study was therefore conducted to 
evaluate and compare the effectiveness of Chlorhexidine and Herbal 
mouth rinse on salivary S. mutans in children with mixed dentition.

In t r o d u c t I o n
Dental caries is characterized by demineralization of calcified 
tissues of the teeth due to several factors.1 Approximately, 60–65% 
of children in India are affected by dental caries. Several organisms 
are involved in the development of carious lesions.2,3 However, the 
literature strongly reports Streptococcus mutans (S. mutans) as the 
potential organism involved in the initiation of dental caries. This 
is because S. mutans can attach to the enamel surface, produce 
acid metabolites, provide glycogen reserves, and has the ability 
to synthesize extracellular polysaccharides.1

Several antimicrobial agents with varying efficacy have 
been reported for the reduction of dental caries.4 Preventive 
programs such as the use of fluoride toothpaste, community 
water fluoridation, and mouth rinses, focusing primarily on the 
reduction of caries have also been carried out to reduce the 
prevalence of the disease.5 These substances inhibit the adhesion 
of bacteria, their colonization, and metabolic activity ultimately 
affecting their growth.4 Presently, bisbiguanide being the most 
efficacious chemotherapeutic agent against S. mutans has high 
bactericidal activity against both gram-positive and gram-negative 
bacteria. But it has a few side effects such as tooth discoloration, 
the altered sensation of taste, and erosion of oral mucosa.6,7 Also, 
due to the developing antimicrobial resistance to the currently 
available antibiotics and chemotherapeutics, the implementation 
of alternative treatment options for oral diseases that are safer, 
effective, and economical are needed.8
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Ab s t r Ac t
Aim and objective: Streptococcus mutans (S. mutans) shows increased resistance to currently available antibiotics and chemotherapeutics. The 
present study compares the effectiveness of chlorhexidine and Herbal mouth rinse against salivary S. mutans in children with mixed dentition.
Materials and methods: Subjects (n = 60) with mixed dentition were selected for the study. Caries status was recorded using Nyvard’s criteria. 
Baseline saliva samples were collected and assessed for quantifying S. mutans. Subjects were instructed to rinse their mouths with 0.2 % w/v 
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determination of mean colony-forming units (CFU/mL) from the saliva samples was done. For statistical analysis, Kolmogorov and Mann–Whitney 
U tests were applied.
Results: Both the groups showed a significant reduction in S. mutans count, at baseline and 7 days (p = 0.0001), and the reduction of S. mutans 
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of 1 mL unstimulated whole saliva was done an hour after rinsing the 
mouth with the respective mouth rinse, and assessed for S. mutans 
growth as mentioned in baseline saliva evaluation.

A washout period of 21 days was given when neither of the two 
mouth rinses was used. The selected subjects were then assigned 
to Phase II in which the baseline saliva was collected with a similar 
protocol as followed in Phase I. The mouth rinse formulations were 
interchanged as per Latin square design and the subjects were told 
to use the assigned mouthrinse for the next 7 days. The post-test 
saliva was collected on Day 8 and subjected to microbiological 
assessment. During the entire duration of the study, the subjects 
were told to follow their routine oral hygiene habits.

Microbial Assessment
Dilution (1: 10,000) of the saliva samples in 0.05 M phosphate buffer 
(pH 7.0) was done using serial dilution method; 0.1 mL of which 
was inoculated on Mitis Salivarius Agar with potassium tellurite 
medium and bacitracin (MSBA). Incubation of the plates was done 
for 48 hours at 37°C in a 5–10% CO2 jar, under a light microscope.. 
The number of Colony Forming Units (CFU) of S. mutans were 
determined using a stereomicroscope. Further, the determination 
of CFU per mL was done using the following formula:

No. of colonies × Dilution factor/Volume inoculated in  
mL = CFU/mL

Where, Volume inoculated = 0.1 mL and Dilution factor = 104

Statistical Analysis
SPSS v20 was used to analyze the data. The collected data were 
tabulated using Microsoft Excel 2007 and subjected to analysis 
statistically. Determination of distribution of the data was done 
using the Kolmogorov Smirnov test. Intergroup comparison was 
done using Mann–Whitney U test and intragroup comparison 
using Wilcoxon signed-ranks test to compare the effectiveness of 
chlorhexidine and herbal mouth rinse. A p value < 0.05 has proven 
to be statistically significant.

re s u lts
Out of 60 children with a mean age of 8.97 + 1.91 years, 31 children 
(51.67 %) were male and 29 children (48.33 %) were female. The 
mean difference of S. mutans count, at baseline and 7 days was not 
significant (A group p value is 0.0880 and B group p value is 0.2590) 
and followed a normal distribution (Table 1).

The intragroup comparison showed that S. mutans count had 
significantly reduced in both the groups at baseline and after 7 days 
(p = 0.0001; Table 2 and Fig. 2).

A statistically significant difference in S. mutans count 
(p < 0.0036) was seen on the intergroup comparison at baseline; 
whereas a statistically insignificant difference (p < 0.1347) between 
both the groups was seen on the 7th day. However, a statistically 
significant overall mean difference of S. mutans count between 
both the groups was observed (p = 0.0209; Table 3).

dI s c u s s I o n
This study was performed with a crossover design known as Latin 
square design. This design has the advantage of subjects acting 
as their own controls and hence there is less variability within a 
subject. Also, the order in which the interventions are carried out in 
a crossover trial may cause errors which are named “order effects.” 
These errors are eliminated by Latin square design.6 However, the 
carryover effect is one of the biggest problems associated with Latin 

MAt e r I A l s A n d Me t h o d s

Study Design and Setting
The current randomized crossover study was conducted at an 
underprivileged Government-residential school in the Northern 
part of Karnataka. The study was briefed to the Principal along 
with the guardian of the school and consent was obtained. Written 
informed consent was also obtained from the children before 
participating in the study. Procurement of ethical clearance was 
done by the Institutional Ethics Committee. The following formula 
determined the sample size: n = 2S2 /d2 (Z1-α/2 + Z1-β),2 α = 5%  
(Zα = 1.96) and β = 80%, (Z1-β = 0.824) where α = Probability of type 
I error, 1-β = Power of the study, S = 794.57, d = 575.24, Z = Standard 
normal deviate. As per the calculation, the required sample size 
was 60. Children with mixed dentition, who were free of any 
systemic diseases, and residing in the same geographic area were 
included as part of the study. Children suffering from any disease 
affecting the flow of saliva, children having special healthcare 
needs, and those showing any adverse reactions to the products 
used in the study or under any antibiotic therapy (1 month before 
the study) were excluded from the study.

Data Collection
Demographic data and oral findings of all the patients were 
recorded in a predesigned proforma. Caries status was recorded 
using Nyvad’s criteria.9 Baseline unstimulated whole saliva10 of 
volume 1 mL was collected between 10 and 11 am11 by a suction 
method using a sterile disposable syringe (Unolok Hindustan 
Syringes & Medical Devices Ltd., Faridabad, India) and transported 
immediately in thioglycolate medium for microbial assessment on 
the same day of sample collection.

Intervention
The intervention was carried out according to Latin square design6 
(Fig. 1) in two phases– Phase I and Phase II. In Phase I, the subjects 
were randomly assigned into two groups: Chlorhexidine group 
(Hexidine mouthwash 0.2 %, ICPA Health Products Ltd., Ankleshwar, 
India) and herbal mouth rinse group (Hiora mouthwash, The 
Himalaya Drug Company, Bengaluru, India) by lottery method. 
The assigned mouth rinse (5 mL) was used to rinse the mouth for 
1 minute and then expectorated, twice daily, for 7 days under the 
supervision of the primary investigator. The subjects were told not 
to consume anything 30 minutes after rinsing. On day 8, collection 

Fig. 1: Latin square design used in the study
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ions thus reducing the bias due to the buffering action of saliva. The 
four most common approaches for the collection of unstimulated 
saliva are the draining method, suction method, spitting method, 
and absorbent (swab) method.10 Due to its ease of use, a suction 
method was used in this study. A significant circadian rhythm in 
the rate of flow and in concentration of sodium and chloride was 
seen in unstimulated whole saliva all throughout the day.11 With 
the increase in the flow rate, the pH of the saliva also increased, and 
thus, to standardize the procedure, saliva was collected between 
10 and 11 am of the day.11 Although there are several specific media 
available for isolation of S. mutans, MSBA is the most specific test  

square design. To eliminate this effect, a run-in period of 21 days 
had been used in this study, though it was more time-consuming.12

Children with mixed dentition with a mean age of 8.97 + 1.91 were 
included in the present study because of second window of 
infectivity. The infectivity window is mostly observed in children 
between 6 and 12 years, during which multiple permanent teeth 
erupt and tooth surfaces are exposed to caries risk until the second 
molars are fully developed.13

Stimulated and unstimulated saliva are the two different 
methods of saliva collection. Unstimulated saliva was used in the 
present study because of its lower concentration of bicarbonate 

Table 1: Distribution of S. mutans count among the test groups at baseline and 7 days

Time

No. of CFU (x108)

Group A
chlorhexidine

Group B
herbal

Mean ± SD p-value Mean ± SD p-value
Baseline 1.52 ± 1.11 0.0380* 2.23 ± 1.38 0.0360*
7 days 0.56 ± 0.40 0.0340* 0.72 ± 0.52 0.0680

Difference 0.96 ± 1.00 0.0880 1.50 ± 1.29 0.2590

Kolmogorov Smirnov test, *p < 0.05 indicates non-normal distribution

Table 2: Intragroup comparison of S. mutans count (number of CFUx108) At baseline and 7 days

Mouth rinse
Mean ± SD, CFU/mL

p-valueBaseline 7 days
Chlorhexidine
Group A

1.52 ± 1.11 0.56 ± 0.40 0.0001

Herbal
Group B

2.23 ± 1.38 0.72 ± 0.52 0.0001

Figs 2A to C: Photograph showing the growth and colonization of S. mutans at: (A) Baseline; (B) After administration of chlorhexidine mouthrinse;  
(C) After administration of herbal mouthrinse

Table 3: Intergroup comparison of S. mutans count (number of CFUx108) at baseline and 7 days

Time points

Chlorhexidine
Group A

(Mean ± SD)

Herbal
Group B

(Mean ± SD) p-value

Baseline 1.52 ± 1.11 2.23 ± 1.38 0.0036*
7 days 0.56 ± 0.40 0.72 ± 0.52 0.1347

Difference 0.96 ± 1.00 1.50 ± 1.29 0.0209*

Mann–Whitney U test, *p < 0.05
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that this ayurvedic mouth rinse can be promoted by dentists as 
they have equal efficacy against S. mutans as compared to 0.2 % 
Chlorhexidine mouth rinse with no side effects.

co n c lu s I o n
The present study demonstrated that both Chlorhexidine and 
herbal mouth rinses have greater antimicrobial efficacy against 
S. mutans. However, herbal mouth rinse proved to have better 
antimicrobial efficacy than Chlorhexidine mouth rinse. Further, 
long-term studies need to be done with a larger sample size to 
reinforce these findings.
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Along with its anticaries, antiplaque, and anti-gingival action, it has 
markedly shown remineralizing effects on initial carious lesions.4

Fluoridated toothpaste are commonly available in the market 
but its use is still debatable even after ample research on the subject. 
Dentists as well as the parents are in a dilemma for its use in children 

In t r o d u c t I o n

Dental caries is a major oral health threat in the Third World 
countries. The caries prevalence is reported to be 41% for children 
within the age of 2–11 years. The process of demineralization and 
remineralization is balanced and occurs concurrently in the oral 
cavity, but even a mild disturbance in the balance can lead to 
dental caries.1

The amalgamation of specific bacterial population that 
establishes in the oral cavity and the caries susceptible oral 
environment leads to demineralization of the enamel. This 
demineralization lesion is clinically demonstrated clearly when air 
dried as a white, opaque spot.2

A more biologically focused approach is used on demineralized 
lesion, diligent application of remineralization agents to early 
carious lesions has shown a good success rate in the literature. 
This creates a supersaturated environment around the early 
demineralized lesion, which further prevents the mineral loss and 
forces calcium and phosphate ions in the lesion leading to net 
mineral gain. Traditionally, these demineralizing agents consists 
of calcium phosphate along with or without fluoride 3

A newer generation of toothpaste containing Zinc 
hydroxyapatite nanoparticles has been developed. This paste has 
shown effective result in reducing caries, plaque, and gingivitis. 
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Ab s t r Ac t
Aim: The aim of this in vitro study is to evaluate the remineralizing potential of commonly used fluoridated toothpaste, toothpaste with calcium 
sucrose phosphate, toothpaste with zinc hydroxyapatite, herbal toothpaste, and to compare them.
Background: The process of demineralization and remineralization is balanced and occurs concurrently in the oral cavity, but even a mild 
disruption in this mechanism could lead to dental caries. Dental caries is a threat in the Third World countries and more common entity in 
childhood. The caries prevalence is reported to be 41% for children within the age of 2–11 years.
Materials and method: According  to previous  studies  and standard sample size calculating formula the  sample size of 48 was calculated, the 
teeth were subjected to demineralization – remineralization process and were observed under scanning electron microscope.
Results: The outcomes of this study suggest that the remineralizing potential of toothpaste with zinc hydroxyapatite (p = 0.0001*) was highest as 
compared to toothpaste with fluoride ( p = 0.0087*), herbal toothpaste ( p = 0.9034), and toothpaste with calcium sucrose phosphate (p = 0.0002*).
Conclusion: All the four toothpastes showed an adequate amount of remineralization but the highest amount of remineralization potential 
was seen with toothpaste containing zinc hydroxyapatite.
Clinical significance: The clinical significance of our study is to give clear and evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. Treating demineralization at an initial stage would help to remineralize the tooth 
structure and thereby limit further destruction of the tooth structure which will preserve the beautiful smile of the child.
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Group 2: Herbal toothpaste
Group 3: Toothpaste containing zinc hydroxyapatite
Group 4: Toothpaste containing calcium sucrose phosphate

Recording Demineralization Rates
These 48 demineralized sections were then studied under the 
stereomicroscope to evaluate the lesion depth (Fig.  1). The 
evaluated values were noted and tabulated. The values noted by 
two examiners were taken and the average value of all two was 
noted. The cut inner part of the section was then painted with 
nail varnish except the artificial carious lesion surface for further 
exposure to remineralization toothpaste.

Recording the Remineralization Rates
After the application of remineralizing toothpaste, the sections were 
studied under stereomicroscope to evaluate the remineralizing 
potential at 2nd, 4th , and 6th day (Fig. 2). The evaluated values will 
be noted and tabulated. The values recorded by two examiners 
were taken and the average value of all two was noted. The 
evaluated values for the demineralized (control group) sections and 
remineralized sections were recorded in units by using “micrometer 
eyepiece.” The units value was then converted into micrometer 
using the following formulas:

Micrometer = 
No. of units 1,000

Eyepiece magni�cation zoom

�
�   

Scanning Electronic Microscope Examination
For the SEM examination, a sample specimen from baseline, 
demineralized tooth structure as well as from each group was 
randomly selected to observe surface change. To compare 
the morphological variations between the different treated 
samples scanning electron microscope was used. For better 
observation of the results, both sound and demineralized enamel 
surfaces were examined. The resultant images obtained were of 
×500 magnification.

re s u lts
The obtained results were recorded and the data was entered into 
MS excel sheet (Microsoft Corp.) and the data was analyzed using 

because of its deleterious effects. There has been an ever increasing 
quest to search for a newer and better alternative.5 There are herbal 
toothpaste and toothpaste with calcium sucrose phosphate, which 
have gained popularity in the recent times and their usage has 
increased tremendously.

Hence, an in vitro Scanning electron microscope study 
was conducted with a purpose to evaluate and compare the 
remineralizing potential of f luoridated toothpaste, herbal 
toothpaste, toothpaste with zinc hydroxyapatite, and toothpaste 
with calcium sucrose phosphate.

MAt e r I A l s A n d Me t h o d
The sample size of 48 was calculated using standard sample size 
calculating formula and previous research articles,5,12 the required 
data for the study was derived from noncarious extracted or 
exfoliated maxillary or mandibular premolar obtained from the 
Department of Pediatric and Preventive Dentistry. The inclusion 
criteria considered in our study were extracted caries-free premolar 
of maxillary or mandibular arch. The exclusion criteria were the teeth 
with white spot lesions, carious teeth, teeth with cracked areas, and 
hypoplastic discolored teeth.

Storage
Extracted caries-free premolar of maxillary or mandibular arch were 
stored in 10% formalin until further use.

Demineralization
The selected teeth were dried and coated with nail varnish (acid 
resistant), leaving a window of 4 cm × 3 mm for demineralization 
process, on the buccal or lingual surface. The rectangular window 
was then coated with 37% phosphoric acid for 3 mins to produce 
artificial carious lesions.5

Sectioning and Division into Groups
The teeth samples were vertically sectioned using a diamond 
disk in buccolingual direction, such that each section consists of 
a demineralized area and normal enamel. Total number of sound 
sections obtained were 48, which were then allocated into four 
groups, with 12 sections in each group.

The four groups were as follows:

Group 1: Toothpaste containing fluoride

Fig. 1: Demineralized sections: Viewed under the stereomicroscope Fig. 2: Remineralized sections: Viewed under the stereomicroscope



Comparative Evaluation of the Remineralizing Potential of Commonly Used Toothpastes in Children

International Journal of Clinical Pediatric Dentistry, Volume 15 Special Issue 2 (Cariology)S160

Herbal toothpaste (Group 2) and toothpaste containing calcium 
sucrose phosphate (Group 4) showed appreciable amount of 
remineralization at day 6, which was 1241.67 and 1033.33, respectively 
but no complete remineralization of the tooth structure was seen.

Figure 4 compared different time points with remineralization 
scores in four groups and it was pleasant to see that toothpaste 
containing zinc hydroxyapatite (Group 3) showed a linear graph 
from the point of demineralization at baseline to day 2 which stayed 
steady till day 6. It also showed a highest amount of remineralization 
than compared to all the other three groups.

dI s c u s s I o n
To survive, all higher forms of life are reliant on consumption of 
food that fuels one’s life. Teeth are the tool used to ensure survival 
of life. Nature has fashioned the hard enamel covering to serve this 
function. It is a paradox that though enamel is the hardest biological 
substance, its acellular and avascular nature make it incompetent 
of any natural defense.6

Dental caries is a multifactorial disease affected not only by oral 
cavity environment but also influenced by community, family, and 
individual but most essential of all is by time.7 Demineralization of 
teeth is mostly caused by exposure of tooth surface to the acids.

The tooth remineralization is a natural repair process in the 
oral cavity, supersaturation of ions such as calcium, phosphate, and 
fluoride around the tooth is important to restoring the strength 
and function of the tooth. These ions are deposited in the crystal 
voids of enamel making it more resistant to the carious process.8–10

Our study incorporated the use of human permanent premolar 
teeth. The primary reason for the same was that they are the most 

IBM SPSS software (version 20.0 Chicago IL, USA).The remineralized 
values were compared with the evaluated demineralized (control 
group) values of the same specimen. This was done for all the four 
groups. The results of comparison of the four test groups were 
done using one-way ANOVA test, Dependent “t“ test, and Tukey’s 
post hoc test.

The current study was designed to test the effects of four 
toothpaste on demineralized enamel lesion depth in vitro condition. 
Tooth sections obtained from extracted human premolar teeth 
were subjected to experimental application. The depths of the 
artificial carious produced in enamel were measured in millimeter 
using stereomicroscope and an intergroup comparison was done 
at the end of 2nd, 4th , and 6th day.

The difference in mean lesion depths was not statistically 
significant when comparison was done between four groups 
at baseline after demineralization (Table  1). When a pair-wise 
comparison was done between all the four groups at different 
time intervals, the results of the comparison showed a statistically 
significant difference in the remineralizing potential with all of the 
groups apart from when Herbal toothpaste (Group 2) was compared 
to Toothpaste containing calcium sucrose phosphate (Group 4), the 
results were not statistically significant (Table 1).

Figure 3 showed the remineralizing potential of all the four 
toothpastes at different time points, i.e., 2nd, 4th, and 6th day. 
Toothpastes containing zinc hydroxyapatite (Group 3) showed 
the maximum amount of remineralization at day 2 (1491.57) itself, 
which gradually continued up till day 6 (1508.33) where complete 
remineralization of the tooth structure was seen. Toothpaste 
containing fluoride (Group 1) also showed a complete remineralization 
of the tooth structure, which was gradual from day 1 to 6 (1491.67). 

Fig. 3: Comparison of different time points with remineralization score 
in four groups

Fig. 4: Graph showing comparison of different time points with 
remineralization scores in four groups

Table 1: Pair-wise comparison of four groups with remineralization at different time points by Tukey's multiple post hoc procedures

Time points

Group 1
vs
Group 2

Group 1
vs
Group 3

Group 1
vs
Group 4

Group 2
vs
Group 3

Group 2
vs
Group 4

Group 3
vs
Group 4

Baseline p = 0.9873 p = 0.9984 p = 0.7984 p = 0.9592 p = 0.6026 p = 0.8777

Day 2 p = 0.0013* p = 0.0018* p = 0.0087* p = 0.0002* p = 0.9034 p = 0.0002*
Day 4 p = 0.0002* p = 0.9954 p = 0.0002* p = 0.0002* p = 0.5729 p = 0.0002*

Day 6 p = 0.2773 p = 0.9994 p = 0.0091* p = 0.2256 p = 0.4359 p = 0.0065*

*statistically significant
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crystals to form fluorapatite crystals which are more resistant to 
future demineralization.13

In our study, toothpaste containing calcium sucrose phosphate 
and herbal toothpaste did show a fair amount of remineralization 
but could not remineralize the tooth completely even at day 6 after 
repeated applications.

Stereomicroscopic analysis was carried out in our study, 
samples were randomly selected at baseline, after demineralization 
and from all the four groups. The sample at baseline showed the 
normal tooth structure without any depressions in enamel rods 
(Fig. 5). Once the demineralization process took place, the enamel 
rods showed concavities on the surface (Fig. 6).

Toothpaste was then applied on the demineralized tooth 
surface to check their remineralizing potential. In the first group, 
they were treated with fluoridated toothpaste which showed calcific 
deposits surrounding the enamel rods (Fig. 7). In the second group, 
the demineralized surface was treated with herbal toothpaste which 
showed very less amount of remineralization; moreover the enamel 
rods still had the depressions present (Fig. 8). In Group 3, the samples 
were treated with toothpaste containing zinc hydroxyapatite, 
the SEM analysis showed some astonishing results, complete 
remineralization of tooth surface was observed, and the enamel rods 

common teeth to be extracted for orthodontic purpose. The 
physical and chemical composition of the teeth will vary between 
deciduous and permanent dentition and also between the types 
of teeth (incisors, canine, premolar, and molar). Hence, in order to 
avoid the microscopic variation, which may occur, in the present 
study, only permanent premolars have been selected.11

Cessation of dental caries has always been a forte of a dentist. 
In this study, 37% phosphoric acid was used for demineralization 
to mimic a white spot lesion. This study showed that toothpaste 
containing zinc hydroxyapatite had the highest amount of 
remineralization potential; this can be attributed to the fact that 
it contained zinc hydroxyapatite crystals in it. These crystals are 
thought to be deposited in the demineralized voids which on 
repeated deposition detailed in a sound tooth structure.12

An in vivo study was conducted where two pediatric 
dentifrices were compared to one regular dentifrice. This study 
hypothesized that the pediatric toothpaste containing sodium 
monofluorophosphate showed an appreciable amount to 
remineralization. Our study showed a similar results where 
toothpaste containing fluoride showed a meritorious result in terms 
of remineralization, which can be attributed to its content of sodium 
monofluorophosphate, which reacts with the hydroxyapatite 

Fig. 5: Normal tooth anatomy as seen under SEM with 500 magnification

Fig. 6: Tooth anatomy after demineralization as seen under SEM with 
500 magnification

Fig. 7: Toothpaste containing fluoride showing remineralization of 
demineralized area under SEM with 500 magnification

Fig. 8: Herbal toothpaste showing remineralization of demineralized 
area under SEM with 500 magnification
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cl I n I c A l sI g n I f I c A n c e
The clinical signif icance of our study is to give clear and 
evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. White 
spot lesion, which is an early sign of demineralization and an initial 
carious lesion, is very common among children. Treating them at 
the initial stage would help to remineralize the tooth structure and 
thereby limit further destruction of the tooth structure, which will 
preserve the beautiful smile of the child. It will also help the child 
and the parent to overcome physical, social, and economic barrier. 
A good oral health is a reflection of a overall good general health.
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showed their normal anatomy (Fig. 9). The last group of samples was 
treated with toothpaste containing calcium sucrose phosphate, this 
group showed minimal amount of remineralization further more 
enamel rods appeared to be demineralized with significant number 
of concavity present in them (Fig. 10).

The remineralization is a steady process in the oral cavity. In the 
entire process of dental caries, the tooth is subjected to repeated 
cycles of demineralization and remineralization. These cycles are 
of uncertain duration and intensities. Clinically, remineralization 
is substantial when the enamel destruction can be stopped or 
reversed without the use of restorative techniques or material.13

The finding of our study has dental health implications. 
The patient and the parent should be educated toward 
effective preventive approaches such as maintenance of good 
oral hygiene via brushing twice a day and diet modifications. 
The lesions produced in the study are initial and in its first 
progression phase, which often is not detected in clinical 
examination. Some of the agents tested in this study did show 
ability to resist early lesion development. Prevention of such 
early lesions is considered as primary level of prevention because 
these lesions are not visible clinically or radiographically, hence 
are undiagnosed and can be effectively dealt with by just use of 
right remineralizing agent.14,15

This study can be a road map for the dentist to choose the 
toothpaste wisely for the betterment of the children and also 
to progress toward the goal of caries-free society. Our study 
showed that toothpaste containing zinc hydroxyapatite had better 
remineralization potential compared to the other toothpaste used 
in our study. The limitation of our study that it is an in vitro study 
so an in vivo study for longer duration shall be carried out. Various 
measures have been taken to conduct a clinical trial among children 
in this regard.

co n c lu s I o n
The conclusions drawn from the present study are as follows:

• All the four toothpaste showed a remineralizing potential
• The toothpaste containing zinc hydroxyapatite showed a 

superior remineralizing prospect compared to the toothpaste 
containing fluoride, toothpaste containing calcium sucrose 
phosphate, and herbal toothpaste; it could be attributed to the 
zinc hydroxyapatite content in it.

Fig. 10: Toothpaste containing calcium sucrose phosphate showing 
remineralization of demineralized area under SEM with 500

Fig. 9:  Toothpaste containing zinc hydroxyapatite showing 
remineralization of demineralized area under SEM with 500 magnification
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Knowledge, attitude, and practices 
about online education during 
COVID‑19 outbreak among 
dental professionals in India – A 
cross‑sectional study
Nivedita Saxena, Shivayogi M. Hugar, Sanjana P. Soneta, Pooja K. Dialani, 
Neha Kohli, Vidyavathi H. Patil

Abstract:
AIM: The aim of this study was to assess knowledge, attitude, and practices about online education 
during COVID‑19 outbreak among dental professionals in India.
MATERIALS AND METHODS: A sample of 200 participants was taken comprising interns, 
postgraduate, faculty, and private practitioners of dental specialty. A prevalidated 15‑item 
questionnaire incorporating four domains was distributed among the participants. It was followed by 
statistical analysis of the data.
RESULTS: The results were tabulated using descriptive analysis. Association was determined 
using the Chi‑square test, whereas one‑way analysis of variance is used for comparison between 
the groups. The correlation between knowledge, attitude, and practices among dental professionals 
was assessed using Karl Pearson’s correlation coefficient. The results of the study showed that the 
attitude and practices among dental professionals were statistically significant (P > 0.05). Moreover, 
statistically significant results were obtained when correlation was done between knowledge, attitude, 
and practices (P < 0.0001).
CONCLUSION: The study concludes the need to enhance the level of knowledge, attitude, and 
practices about online education during COVID‑19 outbreak among dental professionals in India.
Keywords:
COVID‑19, dental professionals, online education, perception

Introduction

Webinars can be defined as synchronous 
e‑education method which allows 

people to gather at a specific time to listen 
to, view, and participate in the presentation 
of a desired topic. Eric R. Kolb in 1998, 
proposed the term “Webinar” which is 
unified by two words “web” and “seminar.” 
Web‑based learning is driven through the 
potentialities of web technology. It allows 
for real time and synchronous dialog in 

between the listener and the speaker, 
covering widespread distances to facilitate 
the probable audience, and making worthy 
to achieve web‑driven information.[1]

E‑education has certain advantages as it 
potentiates the problem‑based education 
by incorporating visual and interactive 
features; pictorial‑and video‑based practical 
knowledge accounts to some of them. 
Furthermore, it implies Green Technology, 
as it reduces the global environmental brunt 
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and limits traveling, thus aids in reducing on the whole 
carbon output.[2]

Newton (2003) had put forth that the online learning 
system constitutes majorly three domains, namely 
enhancing access to learning and training, improving the 
worth of teaching and education, and the desire of higher 
education institutions for maintaining the competitive 
benefit in dynamically changing perspectives of 
education for students.[3]

Medical education is persistently budding at a rapid 
speed and to keep the upcoming doctors and established 
practitioners in par with the competitive e‑learning 
world. The learning management system thus simplifies 
the assessment, evaluation, and supervision of the 
content delivered through e‑learning. Introduction of 
web education into academics had made learning more 
interactive and faculty as facilitators and mentors.[4]

Moreover, in this COVID‑19 pandemic situation, learning 
is now achievable online and transmission of knowledge 
can be eased using e‑portals and applications. Online 
learning embarks as the best solution through this crisis. 
It plays pivotal role in changing our lives to digitalization 
by providing accessible places, predesignated class hours 
and quality contents. It provides a path for growth and 
development of humanity during these times of physical 
isolation due to pandemic.[5]

After the literature search was carried out, there were 
not enough studies found regarding knowledge, attitude, 
and practices about online education during COVID‑19 
outbreak among dental professionals in India. Hence, 
the aim of this study is to assess and understand the 
gap between knowledge, attitude, and practices and 
application of the knowledge regarding the concept of 
online education.

Materials and Methods

A cross‑sectional questionnaire study was conducted in 
the Department of Pediatric and Preventive Dentistry. 
Ethical approval was granted from the Institutional 
Review Board. Reliability of the questionnaire was 
assessed by conducting a pilot study through which an 
Alpha Cronbach’s coefficient of 0.82 was obtained. The 
responses of the questions were calculated using 5‑point 
Likert scale.

The sample size of 194 was calculated in accordance 
to the standard sample size calculating formula which 
was rounded to 200. Samples included participation 
of interns, postgraduate students, faculty members, 
and private practitioners of dental fraternity. The 
questionnaires were distributed among the participants 

through the medium of Google Forms which when 
reverted were further compiled and evaluated. The 
collected data were then statistically analyzed.

Ethical clearance
Ethical clearance for the study was obtained from the 
Institutional Review Board of KLE Academy of Higher 
Education and Research with registration number of 
KLEVKIDS/2021/1422.

Results

In the present study, no dropouts were found. The 
study incorporated 24% male and 76% female. Among 
the participants, 53% had no experience in the field 
of dentistry, whereas 47% had n experience ranging 
from 1 to 7 years in the dental profession. The mean 
age of professionals participated in the survey was 
24.40 years [Graph 1]. The data were statistically 
analyzed using SPSS software (version 22.0 Chicago IL, 
USA) considering P < 0.05 as statistically significant.

Association between the level of knowledge, attitude, 
and practices for the different dental professionals was 
determined with Chi‑square test and no statistically 
significant difference was observed in the knowledge 
and practices among the study groups (P = 0.0910). 
However, the attitude regarding the concept of online 
education during COVID‑19 pandemic was found 
to be statistically significant (P = 0.0500). When the 
association of level of practices was compared, the 
participants having higher experience in the profession 
showed higher percentage summing up to (58.54%). This 
ensured a statistical significant practice being followed 
owing to the P as (P = 0.0350). Furthermore, when the 
comparison of age groups, gender, experiences, and 

Table 1: Association between age groups, gender, 
experiences,  and qualifications with  levels of practice

Levels of practice Total χ2 P
Low (%) High (%)

Age groups (years)
≤20 35 (61.40) 22 (38.60) 57 2.1510 0.3410
21‑30 68 (55.74) 54 (44.26) 122
≥31 9 (42.86) 12 (57.14) 21

Gender
Male 24 (50.00) 24 (50.00) 48 0.9230 0.3370
Female 88 (57.89) 64 (42.11) 152

Experience (years)
No experience 67 (63.21) 39 (36.79) 106 4.8020 0.0910
1‑5 35 (47.30) 39 (52.70) 74
≥6 10 (50.00) 10 (50.00) 20

Qualifications
BDS 95 (59.75) 64 (40.25) 159 4.4230 0.0350*
MDS 17 (41.46) 24 (58.54) 41
Total 112 (56.00) 88 (44.00) 200

*Statistical significance at 'P' value (P<0.05)
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qualifications with mean practice scores was done 
using one‑way ANOVA it yielded a highly significant 
score ([P = 0.0150], [Table 1 and Graph 2]).

The comparison of response among dental professionals 
with regards to varying experience for each question 
was determined by Kruskal–Wallis ANOVA. The results 
showed that, when the respondents were asked about 
the replacement of traditional classroom learning by 
online teaching most of them disagreed and results were 
cordially statistically significant (P = 0.0230). Knowledge 
and attitude toward the web‑based education during 
COVID‑19 pandemic era were found to be statistically 
insignificant. However, most of the participants 
agreed that online education has benefited the dental 
professionals across India en masse. When pondered 
upon whether web‑based education can provide an 
opportunity for establishment of scientific links with 
faculty members and experts at home and abroad 
most of the participants, maximally postgraduates and 
experienced professionals found it essential aiding in 
continuing online dental education. The results are in the 
accordance and are proved highly significant (P = 0.0120).

The correlation among the knowledge, attitude, 
and practices regarding online education was 
determined using Karl Pearson’s correlation coefficient 
and a highly statistically significant results were 
obtained ([P = 0.0001], [Table 2 and Graph 3‑5]).

Discussion

Educational institutions, especially the medical and 
dental allied sciences in India are currently following the 
traditional method of classroom teaching and learning. 
It involves face‑to‑face interaction with the mentors and 
also aids in imparting quality practical‑based education 
when comes to the medical sciences. Although the 
blending of web‑based education has initiated but still 
it has not been widely accepted throughout the nation. 
In the recent past, the sudden outbreak of the deadly 
disease COVID‑19 has been encountered which is caused 

by severe acute respiratory syndrome coronavirus‑2. 
The World Health Organization had declared it as 
a pandemic. This situation has imposed a challenge 
to our education system and lead to the change in 
mode of education to online teaching and learning 
overnight. In spite of reluctance of many institutions and 
organizations, the change has been accepted in terms of 
imparting web‑based education.[6]

In our study, we found higher levels of attitude among 
dental professionals accounting to 88% regarding the 

Table 2: Correlations among knowledge, attitude, and 
practice by Karl Pearson’s correlation coefficient

Knowledge Attitude Practice
Knowledge

r ‑
P ‑

Attitude
r 0.3300 ‑
P 0.0001* ‑

Practice
r 0.3760 0.4060 ‑
P 0.0001* 0.0001* ‑

*P<0.05

Graph 1: Demographic profile of the respondents

Graph 2: Comparison of qualifications with mean knowledge, attitude, and practice

Graph 3: Scatter diagram showing correlations between knowledge and attitude 
scores
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continuation of web‑based dental education as a source 
of teaching and learning during this pandemic. Our 
study is in accordance with the study carried out by 
Hung et al. who have reported higher acceptance of 
online education by the students owing to a positive 
attitude toward e‑learning.[7]

In the wave of the current aspect of which we are 
talking about, is the acceptance of web‑based education 
effortlessly is still questionable. The key reason for 
this is lacking of practical application of the education 
which holds a great importance when the medical field 
is concerned. Furthermore, one‑to‑one interaction with 
the patients and gaining expertise when encountering 
the needs of the patients is essential for the overall 
development of the professional in the medical field 
which can be seen as the major lacunae of web‑based 
education.

However, coining two sides of every aspect online 
method of teaching and learning can undoubtedly lead 
to improvement in the education system. On comparison 
with customary didactic methods, study material can 
be simply uploaded and assessed by the students 
rendering them ease of access to scientific literature. 
Furthermore, self‑learning skills can be readily fostered 
by the students. The core advantage that can be stated 
in relevance to our study is that it also helps in creating 
the scientific links with the faculty members across the 
globe. On complementing this, higher level of practices 
is seen among the dental professionals who agreed to 
this way of imparting web‑based education en masse.[8]

In accordance to the successful implementation of 
online teaching and learning, a few studies have 
quoted that self‑initiated learning significantly affects 
the academic achievement and education. Therefore, 
for the efficient online learning staff progress, change 
in the assessment and analyzing strategies along with 
technological fundamentals should be planned well 
and standardization needs to be ensured. Similarly, our 

study quotes the need for enhancement of web‑based 
education by adding the newer features to which of the 
respondents have agreed upon.[9]

Seemingly, another aspect which needs to be pondered 
upon is the obstacles faced during conducting of such 
online programs. It includes, difficulties encountered 
in obtaining the learners’ feedback, one‑way education, 
difficulty in imparting practical education, especially 
among medical, dental, and allied sciences fraternity, lack 
of adequate control over learners along with pressure 
of time and bulk on content. In our study, the most 
common factor to which the participants agreed upon 
is lack of adequate control over the learners which is at 
ease during face to face or classroom‑based teaching and 
learning. Our results fall in accordance to the study by 
Schlenz et al. who concluded that only 38.6% of dental 
faculty members would recommend online teaching and 
learning as a part of curriculum.[10]

Although web‑based education is continually taking 
its pace with the learning pertaining to the medical and 
dental field, it is recommended to formulate a structured 
pattern so that the intricacy of practice can be analyzed 
and practical solutions can be put forth, refinements can 
be made.[11]

Despite of being wounded by this pandemic, we still 
stand together undefeated. Not only the clinical aspects 
but the teaching and learning growth has also been 
seen growing progressively. The key to applause is the 
web‑based education or online education which has 
given equitable opportunities to the students as well 
as dental professionals to interact using online portals 
during this pandemic. Embarking on the success it is 
recommended to use the online education for quality 
learning purposes. At the same time, the obstacles 
encountered while conducting such programs such 
be pondered upon. Thus, the meager acceptance of 
web‑based education by dental professionals during 
this pandemic along with the continual clinical practices 

Graph 5: Scatter diagram showing correlations between attitude and practice 
scoresGraph 4: Scatter diagram showing correlations between knowledge and practice 

scores
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can provide a sound base for the fraternity to establish 
scientific contacts and flourish during these testing times.

Clinical significance

The clinical significance of our study is the implementation 
of the online education concept in India during this 
COVID‑19 which can prove to be a source of coordinated 
and comprehensive learning that aids in rendering the 
quality education to all the students en masse. Through 
this initiative, web‑based education can be incorporated 
as a primary source of imparting education. This can 
also provide a prospective for the dental professionals 
to lead in applying victorious strategies to improvise 
the provision of dental care to serve the country during 
these testing times.

Conclusion

Based on the current study, it may be concluded that in 
spite of immense development of technology there is a 
lack of acceptance of web‑based education among the 
health professionals. By visualizing the current Indian 
scenario and the results we got from our study, there 
is a need felt to include and introduce the concept of 
online education to inculcate in them, the importance 
of continual learning and assessment during this 
COVID‑19 era. Thus, online education can serve as 
an analog to classroom learning where a child can be 
imparted knowledge about preventive oral health care 
along with the various treatment modalities that can 
aid in rendering efficient services regarding guarding 
the oral cavity.
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Publication of the paper in peer‑reviewed scientific 
journals has been tremendously increased over few 
years. A huge transformation has been observed in whole 
process of publication of the manuscript. The technical 
advancements have eased down the whole process to 
electronic submission, digital proofing, and publications. 
This in turn has exponentially increased the publishing 
of scientific manuscripts and thus a demand of expert 
peer reviewers also.[1,2]

What is Peer Review?

Peer review is the process of allowing an author’s 
scientific work, research, or ideas to the examined and 
evaluated by other experts in the similar field. Peer 
review is defined as process of scientific critique of 
the manuscript by two or more subject experts. Peer 
review is a significant aspect of scientific developments. 
It is usually unbiased, independent, critical assessment 
of the IMRAD structure of the scientific research. 
Peer‑review process is internationally accepted 
benchmark for ensuring quality, the integrity 
of the scholarly data, and excellence in scientific 
research.[3,4]

Who are Peer Reviewers?

Peer reviewers play a very imperative role in the 
process of reviewing a paper. The reviewers are selected 
on various criteria including their area of expertise, 
availability, prior timely submissions of reports, and 
quality feedback. The reviewers are usually given the 
time of 1 month to review a manuscript. Depending 
upon the feedback obtained from the peer reviewers, 
the editor will take decision on rejection or acceptance 
of the manuscript.

They ensure the scientific contents of the manuscript 
and their comments help strengthening the paper 
for publication. The reviewers put huge amount of 
efforts in terms of time and energy, but this job is 
voluntary, unpaid, and not recognized in any forum. 
The peer‑review process is actually a daunting task, but 
unfortunately, no formal training has been included 
in graduate or postgraduate curricula. Most of the 
time, this process is self‑learned by the researchers 
while publishing and correcting their own submitted 
papers.[2‑5]

Changing Trend in Peer‑Review Process

Traditionally, the peer‑review process has been closed 
in scientific publishing where the editor compiles the 
comments of all the reviewers and sends the manuscript 
to the author for revision without revealing the identity 
of the reviewers. The reviewers remain an unsung hero 
of the reviewed manuscript.

Recently, this practice has shown a changing trend as 
“Transparency in Review.” Transparent peer review 
shows the complete peer‑review process from initial 
review to final decision. This means that alongside the 
published article, readers can see a full peer‑review 
history, including reviewer reports, editor decision 
letters, and the authors’ responses. The authors are given 
an option to choose this model at the time of manuscript 
submission.[3‑5]

What is Transparency in Peer Review?

The transparency in peer review will give clarity 
regarding editorial decisions as to how, why, and what 
was done with regard to the manuscript submitted. How 
was the peer review done, how many reviewers looked 
at the work? What were the comments made and what 
was accepted by the reviewers for the betterment of the 
manuscript? Why was the decision to publish or not 
publish made?

Why is Transparency Needed in Peer Review?

• Trust has always been at the epicenter of scholarly 
publication, but with the numerous predatory 
publishers on the prowl who publish papers with no 
or cursory peer review and also cases of retraction of 
articles because of fake or inadequate peer review, 
the confidence in peer review as well as in scientific 
findings itself has somewhat dwindled. This reader’s 
confidence can be greatly restored if the process of 
peer review is opened up by allowing them to see the 
content and quality of peer reviews

• The peer‑review process may not be always efficient 
in all the journals. The reviewers are not recognized 
and are busy researchers themselves, so they may 
not give priority to the review. But, in a transparent 
review, since the names of the reviewers are 
mentioned, they may do a thorough job.[2,3]

Transparency in peer review – is this an emerging 
trend?

Editorial
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What are the Advantages of Transparent 
Peer Review?

• The transparency in peer review may contribute 
to increase the quality of the reviews in a timely 
manner as it will be read by many, and could also 
aid teaching of best practice in peer review. By 
making the files open for everyone to see and cite, 
reviewers are encouraged to provide critical but fair 
and constructive comment

• Potential to advance research integrity and 
reproducibility: It would be a great and simple way 
to address the problem of “predatory” journals. If 
the peer‑review reports are published along with 
the articles, it would help researchers to discriminate 
between reputable journals and those that are 
predatory. Transparent peer review allows the reader 
to see how the science unraveled. This in turn can 
spark discussions and alliances that might not have 
otherwise occurred questionable or carrying out 
insufficient peer review

• An opportunity for training: An opportunity for 
training: By allowing the readers to gain insight 
into the peer review process may be of educational 
value, especially for new and early career researchers. 
This can be learnt through tangible illustrations 
of reviewer reports and author responses to those 
reports. Early‑career researchers who are new to 
reviewing papers can train themselves to review 
optimally by analyzing the editorial process on 
published papers in their area of research

• Transparent peer review provides professional 
context for scientific literature for the nonexpert 
reader, journalists, and policymakers. Those entities 
that assess research such as funders and institutions 
can use reviewer reports to assess the strength and 
significance of a study, rather than relying on the 
journal brand as a proxy for quality

• Greater visibility and recognition for peer reviewers: 
It would also permit credit for reviewers, which 
currently is a service that is performed without 
incentives or rewards – individual DOI given to the 
reviewer report that can be read and cited too

• Transparency in peer review can aid the editors in 
their endeavor to maintain impartiality and remove 
any possible bias in decision‑making. This process 
can increase the accountability of authors, reviewers, 
and editors in scientific publishing.[3‑5]

What could be the Concerns and will this 
Practice Catch on?

• There may be an inherent risk of reviewers feeling 
reserved from making critical comments for fear of 
retaliation. Whether the advantages overshadow the 

risks is a continuing concern?
• Further, this model by itself may not be a lasting 

solution for problems associated with peer‑review 
system

• Scientific and academic communities may not be open 
to adapt to this new method of peer review.

Who are Practicing this Model?

Transparent peer‑review model is extensively practiced 
by Nature Research Journals, Elsevier, Springer EMBO, 
etc.

Conclusion

By supporting transparent model of peer‑review process, 
we will be taking a step forward toward increased 
openness, accountability, and trust in whole of the 
publication process. The peer reviewers who invest 
good amount of time and their expertise to review an 
article, draft constructive comments for betterment of 
the manuscript without any personal interest will get 
recognized and credited for their shrouded contribution 
to the publication process. This model will also ease the 
decision‑making process. Considering these factors, this 
emerging trend seems here to stay.[4‑7]
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Prevalence of chronic periodontitis 
among the residents of PHC in Belagavi 
and its association with systemic 
disease – A cross‑sectional study
Dronesh Chettri, Anjana Bagewadi1, Mubashir Angolkar

Abstract:
BACKGROUND: Chronic periodontitis is much more common than the general public realizes. In 
the US, about 80% of adults have at least one attachment loss site and about 35% of the population 
suffers from severe chronic periodontitis. Surprisingly, only a small portion of this population seeks 
periodontal care. In terms of oral health treatment, India has a lot of inequalities, and periodontitis 
affects 95% of the population. In rural areas, the dentist‑to‑population ratio of about 1:200000 
necessitates the development of dental infrastructure at the primary health‑care level. Periodontitis 
affects about 20%–50% of the global population.
METHODS: This cross‑sectional analysis was done to determine the spread of chronic periodontitis 
and its association with systemic disease. A total number of 146 individuals comprising of both 
sexes ≥40 years of age were selected from two areas in Vantmuri, Belagavi. Age, sex, family history, 
smoking and alcohol habits, systemic disease, etc., were recorded by giving a questionnaire. The 
investigation was done to assess body mass index, BOP, CAL, DMFT, OHI, etc., Chronic periodontitis 
was assessed along with its association with systemic disease. The information collected was entered 
into Microsoft Excel and evaluated with the help of SPSS 26.
RESULTS: It was evident from the sample population that periodontal disease (41.78%) was 
highly prevalent. Periodontitis was found to be significantly correlated with age, cigarette/beedi 
smoking (regular), and OHI scores among study participants (P < 0.05).
CONCLUSION: More research into the underlying mechanisms and risk factors of chronic 
periodontitis, as well as its link to systemic diseases, is required.
Keywords:
Age, chronic periodontitis, smoking, systemic diseases, type 2 diabetes

Introduction

Periodontal disease is a curable disease of 
inflammation of the periodontium, and 

its advanced condition is characterized by 
loss of periodontal bone and destruction of 
the surrounding alveolar ligament.[1,2] About 
800 strains of bacteria have been identified 
in the oral cavity and it is thought that 
complex interactions of bacterial infection 
and the retaining response, altered by 

behavioral factors such as smoking, can 
lead to periodontal disease. In addition 
to the effects on the oral cavity, research 
shows that periodontitis is responsible 
for chronic diseases such as heart disease 
and diabetes. Acute periodontitis typically 
affects 5%–15% of any person globally and 
is also responsible for loss of teeth and 
surrounding tissues.[3] Bacterial plaque 
products cause direct damage and the 
introduction of antibodies into inflammatory 
and immune responses cause indirect 
damage.[4] Measurement of loss of attachment 
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of the periodontal ligament is in periodontitis according 
to the Canadian Health Measures Survey 2007–2009. The 
National Health and Nutrition Examination Survey was 
performed to measure periodontal disease in the U.S. 
which determined attachment loss and pocket depth in 
six areas of all teeth (excluding third particles). Chronic 
periodontitis, also called adult periodontitis, is a contagious 
disease which is caused by bacteria of plaque dentistry, 
which leads to further damage to the supporting tissue of 
teeth, namely gingival, periodontal ligament, cementum, 
and therefore alveolar bone. Porphyromonas gingivalis is 
a bacterium often associated with chronic periodontitis 
and is responsible for promoting inflammatory responses 
associated with tissue destruction in some areas.[5]

In general population, chronic periodontitis is more 
common and prevalent. In US, approximately 80% adults 
have minimum one site with loss of attachment. 35% of 
the US population is affected by it badly.

Only a small percent of these population needs 
regular care from time to time. India suffers from price 
differences in health care and 95% of Indians suffer from 
periodontitis. In the last 10 years, an alarming increase 
in the prevalence of periodontitis in India has attracted 
interest from various parts of the country. Dental ratio 
and population of approximately 1:200000 in rural 
areas require the construction of dental infrastructure 
at the primary level of a health‑care facility. Only 19% 
increase in the risk of the disorder is probably caused by 
periodontitis, with this estimated risk increase reaching 
44% in people aged 65 and over. Type two people with 
diabetes who have severe forms of periodontitis have a 
risk of 3.2 times more risk than people who do not have 
or have mild periodontitis.[6] In total, periodontitis affects 
about 20%–50% of people worldwide.

Objectives
1. Find how common chronic periodontitis is
2. To determine the parameters that enhance the risk of 

chronic periodontitis and their relationship
3. To find a connection between periodontitis and 

systemic diseases.

Methods

The study was performed to assess the prevalence of 
chronic periodontitis among the PHCs residents in 
Vantmuri, Belagavi and its association with systemic 
diseases. A total of 146 participants comprising of both 
sexes ≥40 years of age were selected from 2 areas in 
Vantmuri, Belagavi.

Inclusion criteria
1. Individual ≥40 years of age
2. Individual giving informed consent.

Exclusion criteria
1. Physically or mentally compromised patients
2. Pregnant women
3. Edentulous individual.

Chronic periodontitis
1. Localized form – ≤30% of sites affected
2. Generalized form – 30% of sites affected.

Sample size
Sample size was calculated based on the previous 
study conducted by Balaji et al. in Chennai, Tamil 
Nadu. The study found that the prevalence of chronic 
periodontitis among adult population ≥40 years of 
age was 42.3% with 95% confidence interval (CI) and 
8% of relative precision. Calculated sample size was 
146.

Sampling methods: Simple random sampling
Data collection methods
In the study area, total number of 146 individuals 
comprising of both sexes ≥40 years of age were selected 
from two areas in Vantmuri, Belagavi. After obtaining 
informed consent information on sociodemographic 
details, various risk factors for periodontitis such as 
smoking behavior, alcohol consumption, and brushing 
habits were collected using predesigned questionnaire. 
Height was measured in centimeter and weight was 
measured using weighing machine in kilogram. The 
suggested classification for Asian populations was used 
to classify body mass index. Investigation for chronic 
periodontitis was also done which includes the presence 
of plague, calculus, BOP, gingival recession, CAL, 
DMFT score, OHI, and patient periodontal index using 
armamentarium as discussed below.

Data analysis
Data were entered in IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. (Armonk, NY: 
IBM Corp.). Descriptive statistics such as average and 
proportions were calculated and 95% CI was calculated 
appropriately. Binary logistic regression was used to 
find the association between one dependent and two or 
more independent variables. P < 0.05 was considered as 
statistically significant.

Ethical considerations
An informed consent was taken from each participant 
before the data collection. Those who were illiterate, 
thumb impression were taken in front of a witness. All 
information collected was kept confidential. All the study 
subjects who had severe chronic periodontitis and/or 
systemic disease as well as poor OHI were referred to a 
secondary level/tertiary level hospital for getting their 
further check‑up and treatment. Ethical Clearance was 
obtained from JNMC Institutional Ethics Committee on 
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cigarette/beedi smokers were found in 61.64% of 
the participants in this sample. This means that a 
large number of them have minimized or stopped 
smoking. The present cigarette smoking was found 
to have the highest incidence of moderate to extreme 
periodontitis (25.7%), whereas previous cigarette 
smokers and nonsmokers have 20.2% and 10.1%, 
respectively, in related studies (13.1%).[7] The current 
study found no connection between respiratory disease 
and chronic periodontitis, but a systematic analysis found 
very little evidence which depicted a weak link (OR: 2.0) 
between COPD and oral health.[8] The prevalence of 
periodontitis in a Brazilian rural population ranged from 
24.4% to 83%.[9] A total of 15.8% of the 146 participants 
in the current study had systemic diseases. Cigarette/
beedi smoking (regular), ages 30–50 and 50–70, general 
age, and OHI score were found to be significantly 
correlated with periodontitis among the participants. 
19 out of 423 chronic periodontitis participants (4.5%) 
were suffering from hypertension, and out of 423 chronic 
periodontitis participants, 25 (5.9%) suffered from type 2 
diabetes in previous studies. Periodontitis was found 
to be significantly correlated with pan chewing, DMFT 
scores, cigarette smoking, OHI scores, age, and PISA 
scores among urban participants.[10] A similar study was 
conducted in a representative sample from both urban 
and rural districts of Tamil Nadu, and it was found that 
the rural population had 59.8% prevalence rates and the 
42.35% group had the highest number of cases of chronic 
in the urban population. Female participants were found 
to be more prevalent than male participants in this study 
and the 50–70 age periodontitis. Females, too, had higher 
chronic periodontitis than males.

Limitations
The study’s main drawback was that since it did not use 
the PISA classification system, it was unable to find an 
association between periodontitis and systemic disease. 
This index provides an indirect clinical marker of the 
inflammation due to chronic periodontitis by quantifying 
the inflamed surface present in periodontal tissues. The 

Table 2: In the sample population, binary logistic regression analysis was performed with the presence/absence 
of periodontitis as the dependent variable and the participant’s personal habits as the independent variables
Variable OR 95% CI P
Smoking 0.500 0.096‑2.602 0.410
Gutka 1.037 0.257‑4.192 0.959
Tobacco chewing 0.556 0.098‑3.148 0.507
Tobacco chewing, gutka 1.167 0.200‑6.805 0.864
Tobacco chewing, smoking 1.333 0.088‑20.108 0.835
Smoking, gutka 0.001 0.001‑0.10 0.999
Tobacco chewing, gutka, and smoking 1.216 0.301‑4.913 0.784
No 0.276 0.728‑3.031 1.486
Cigarette/beedi smoking (former and occasional) 1.594 0.359‑7.072 0.540
Cigarette/beedi smoking (regular) 0.430 0.204‑0.909 0.027
Never smoked 0.686 0.144‑3.269 0.636
OR: Odds ratio, CI: Confidence interval

Human Subjects Research with Ref no. MDC DOME/404 
dated 17.7.2020.

Results

In the present study, a total number of 146 participants 
comprising of both sexes ≥40 years of age were selected 
from 2 areas in Vantmuri, Belagavi. Table 1 shows binary 
logistic regression analysis done on the sample population 
(with the presence/absence of periodontitis as the 
dependent variable) and various risk factors as independent 
variables. Age (P = 0.001) and OHI score (P = 0.001) 
possess a statistically significant association (P < 0.05) with 
periodontitis spread in the study population, irrespective 
of the other risk factors assessed. In Table 2, it was found 
that cigarette/beedi smoking – regular (P = 0.027) – had an 
association which is statistically significant with periodontitis 
prevalence in the study population, irrespective of the other 
risk factors assessed. In Table 3, it showed that participant 
aged 30–50 (P = 0.041) and 50–70 (P = 0.013) had statistically 
significant associations in the sample population.

Discussion

Chronic periodontitis was found to be very common 
in the current research (41.78%). Former/occasional 

Table 1: In the sample population, binary logistic 
regression analysis was performed (with periodontitis 
as the dependent variable)
Variable OR 95% CI P
Age 0.438 0.279‑0.688 0.001
Male participants 0.575 0.290‑1.140 0.113
Female participants 1.738 0.877‑3.444 0.113
Systemic disease (hypertension, diabetes, 
IHD, CHD, chronic bronchitis, etc.)

0.747 0.306‑1.826 0.523

Alcohol consumption 1.130 0.663‑1.925 0.654
DMFT score 2.118 0.641‑7.000 0.218
OHI 0.108 0.050‑0.232 0.001
OR: Odds ratio, CI: Confidence interval, DMFT: Decayed missing and filled 
teeth, OHI: Oral hygiene index, IHD: Ischemic heart disease, CHD: Coronary 
heart disease
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procedure is complicated, and it necessitates a significant 
amount of time, experience, and ability. Only a few 
studies have been done on this topic.

Conclusion

Even though we found out from the study that 
periodontal disease was highly prevalent (41.78%); more 
research into the underlying mechanisms and risk factors 
of chronic periodontitis, as well as its link to systemic 
diseases, is required.
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ABSTRACT 

Purpose: Cross infection is a critical issue in the field of dentistry as communicable 

diseases may spread among health professionals and patients. The use of effective 

sterilization methods may prevent or minimize the transmission of infectious diseases. 

Material and Methods: Standardized tooth preparation procedures were performed 

using round end tapered rotary diamond burs in 60 study subjects to receive porcelain 

fused to metal restorations. The resultant rotary diamond burs used were subdivided into 

3 subgroups based on three different sterilization methods used (n = 20), which include 

autoclave (Group 1), 2.4% Glutaraldehyde (Group 2) and Hot Air Oven (Group 3). Pre 

sterilization and post sterilization microbial analysis were assessed for each specimen. 

The resultant colony-forming units for all three test groups were compared using Kruskal 

– Wallis test and pair wise comparison between groups was done with Mann Whitney 

and Wilcoxson Sign test. 

Results: The results suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 
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Conclusions: The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization 

methods for decontamination significantly reduced the oral microbial contamination of 

the rotary diamond burs. Autoclave sterilization had resulted in effective decontamination 

of the rotary diamond burs when compared to 2.4% Glutaraldehyde and Hot Air Oven 

sterilization methods. 

Clinical Significance: Given the complexity of the microstructure of the dental burs, 

and the bur morphology does not allow the thorough cleaning of the dental bur and 

subsequently serves as a potential carrier of the infectious microorganism from the oral 

cavity of the infected dental patient to a healthy patient, and considering the cost factor, 

dental burs are often reused but seldom efficiently sterilized prior to its reuse. This study 

explains the different methods that showed the maximum sterilization and those that 

showed relatively lesser amount of decontamination and the pros and cons of the methods 

that have been used, which gives the general dental practitioners a clearer perspective as 

to which method to adopt in their daily clinical practice with the ethical concern of the 

health of the dental staff, patients as well as the dentist him/her self by preventing 

potential mode of transmission of infectious diseases. 

 

Keywords: Brain Heart Infusion (BHI), Colony-forming units (CFU), Decontamination, 

Streptococcus mutans (S Mutans), Staphylococcus aureus (S Aures) 

INTRODUCTION 

Rotary diamond abrasives also known as dental burs have a broad scope in the field of 

prosthodontics. Diamond burs are predominantly recommended in tooth preparation for a 

fixed dental prosthesis in the form of extra coronal restorations [1]. 

The rotary diamond burs are categorized according to the medical device directive 

(93/42/ECC). It is well-documented that dental burs can become highly contaminated with 

blood saliva and tooth debris during treatment, the pathogen may adhere to the different parts 

of the bur [2]. 

Cross infection is a critical issue in the field of dentistry as it concerns the transmission of 

communicable diseases which are a prevalent factor for both the dentist as well as to the 

patient. The risk of cross-contamination during treatment is that communicable diseases may 

spread between the patients and dentists or among the patients themselves. So, the use of 

effective infection control methods may prevent the transmission of cross-contamination [2, 

3]. 

The dental burs cannot be sterilized adequately or the procedures used for 

decontaminations may itself be deleterious to the burs, in turn, hampering the structure and 

the function of the dental bur. The current sterilization procedures of rotary diamond 

instruments present itself with its own set of shortcomings such as its deleterious effect on the 

rotary diamond abrasives, surface corrosion and steel oxidation which in turn affects the 

cutting efficiency of the burs [3, 4]. 

Decontamination is the process which removes or destroys contamination so that 

infectious agents or other contaminants cannot reach a susceptible site in sufficient quantities 

to initiate infection or any other harmful response’ [3]. 

The current guidelines classify the procedure of decontamination for rotary instruments 

into different stages like pre-sterilization, cleaning along with disinfection then inspection, 

followed by sterilization, finally the storage. Cleaning the reusable instruments is crucial in 
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the removal of contaminants which may hinder effective and complete decontamination 

procedures.  

The sterilization procedures of rotary diamond instruments present itself with its own set 

of shortcomings such as its deleterious effect on the rotary diamond abrasives which include 

geometric alteration of the bur such as blade fracture, blade dulling, surface corrosion and 

steel oxidation which in turn affects the cutting efficiency of the burs [3, 4]. 

While the decontamination of reusable dental instruments is carried out using poorly 

regulated processes and procedures, there is an increased dependence on the use of effective 

sterilization method to eliminate microbial cross-infection entirely. 

The latest research of decontamination of rotary instruments presented by private dental 

professionals and a dental hospital found that 76% of dental rotary instruments from the 

private practice and 14% of dental hospitals indicated to have a significant degree of 

decontaminants in the form of debris, on the surface of the rotary burs that were claimed to 

have been sterilized. The residue was discovered on all tools examined irrespective of the 

purification method [5]. 

Autoclave, hot air oven, and glass bead sterilizer are the predominant techniques of 

sterilization of dental burs, and the most commonly used technique in clinical set up is to 

disinfect burs using a chemical disinfectant. While most dental instruments are efficiently 

cleaned using different sterilization procedures, the diamond burs are only scrubbed and 

soaked in a disinfectant before and after usage [6]. 

Therefore, the effect of different sterilization of rotary burs needs to be investigated. 

Research studies have included the in vitro conditions to study the effectiveness of different 

sterilization methods. Hence, the objective of dental instrument sterilization is to safeguard 

patients as well as the health care provider from cross-contamination by means of dental 

instruments. So, the propose of this in vivo research with a research hypothesis that the 

decontamination of rotary burs is not affected by different techniques of sterilization methods.  

MATERIAL AND METHODS 

This is in-vivo study included 60 patients who were reported to the department  

of prosthodontics for replacement of missing teeth. Patients with an age group of 18-45 yrs 

with the permanent dentition were included in the study and patients with history systemic 

medical conditions, history of endodontic treatment, periodontal and pulpal or periapical 

pathologies were excluded. The Fixed Partial Denture treatment was planned for all the 

selected patients. The purpose and study objectives of the research were explained to all the 

study subjects and informed consent was obtained from all the study subjects. The research 

was certified by the institutional ethical committee and the certificate for ethical approval was 

obtained. 

Sixty rotary diamond burs-round end tapered-course cut ISO 198/018 TR-13C (MI 36 

Mani.Inc, Utsunomiya,Tochigi, Japan) (Figure 1) were divided randomly into three  

groups based on different sterilization method used, i.e., Group 1 (n = 20) these were the 

specimens subjected to autoclaving (Uniqueclave C-79 47/46/93, Confident, India). Group 2 

(n = 20) were the specimens subjected to 2.4% Glutaraldehyde (Cidex, St Louis, USA) and 

Group 3 (n = 20) these specimens were subjected to hot air oven (Tecnomedica, Italy) 

sterilization. 
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Figure 1. Sixty round end tapered coarse cut rotary diamond burs used in the study. 

 

Figure 2. Dispensing the used bur into microcentrifuge tube containing BHI broth. 



Efficacy of Different Decontamination Methods on Rotary Diamond Burs 323 

The new burs were removed from the sterile package using sterile tweezers and mounted 

on airotor handpiece. Before the tooth preparation, the patients were asked to rinse their 

mouth with a chlorhexidine mouth rinse (Hexidine, ICPA Health Products, Andheri (East), 

Mumbai). The standardized tooth preparations were carried out for all the study subjects to 

receive Porcelain Fused to Metal restorations. All the margins of the prepared tooth were 0.5-

1 mm subgingivally placed without violating the biological width. The tooth preparation and 

collection of all specimens was carried out by a single operator to avoid inter operatory bias. 

After the tooth preparation was completed each time the bur was separated by sterile tweezer 

from the airotor and dispensed into the sterile microcentrifuge tube (Hi-Media, Mumbai) 

containing 1ml BHI broth (Hi-Media, Mumbai) (Figure 2) and the tube was transported to the 

microbiological laboratory within 2 hours, after the clinical procedure. The microcentrifuge 

tube containing contaminated bur and BHI broth was vortexed in vortex mixer at speed of 

2500rpm for 40-60seconds (Figure 3). BHI broth was inoculated on different culture media 

namely Mitis Salivaris Agar (Hi-Media, Mumbai) for Streptococcus mutans,Mannitol salt 

Agar (Hi-Media, Mumbai) for Staphylococcus aureus and Sabouraud dextrose agar( Hi-

Media, Mumbai) for Candida. 

The plates were incubated anaerobically at 37°C for 48 hours in bacteriological 

laboratory incubator (Remi Elektrotechnik Ltd, India) to evaluate the different microbial 

growth and resultant colonies were subsequently identified based on their morphology. 

Identification of Streptococcus mutans was done using Mitis Salivaris agar which was 

made on 5% (ranging from dark blue to light blue) colonies. Further confirmation of  

S. mutans was performed using gram staining and observed under light microscopy (Olympus 

Pvt Ltd, Haryana, India). The identification of S. aureus was done using Mannitol salt agar, 

produces yellow-coloured colonies. Candida was isolated using Sabouraud Dextrose agar. 

Candida differentiated as creamy to white colonies. 

 

 

Figure 3. Vortexing of the microcentrifuge tube containing  

BHI broth and contaminated bur. 
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Figure 4. Armamentarium used for decontamination of rotary diamond burs, (4A) 

Autoclaving, (4B) 2.4% Glutaraldehyde and (4C) Hot air oven. 

 

Figure 5. The microbial analysis of colony forming units pre and post, autoclave 

sterilization for (5A) Streptococcus Mutans, (5B) staphylococcus Aureus  

and (5C) Candida. 
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Figure 6. The microbial analysis of colony forming units pre and post, Glutaraldehyde 

(2.4%) Sterilization for (6A) Streptococcus Mutans, (6B) staphylococcus Aureus  

and (6C) Candida. 

The colony-forming units (CFU) for all specimens were counted using a semi-

quantitative colony counting method, using a compound microscope to determine the  

number of colonies for each specimen before sterilization of rotary diamond burs in all the 

groups. The resultant data was tabulated. The contaminated burs in Group 1, were procured 

from the Microbiology laboratory, washed under flowing tap water and were kept in a 

sterilized bur holder and autoclaved at 121°C below 16 psi for 16 minutes. For Group 2, the 

contaminated burs were washed as mentioned earlier and were placed in a sterile glass 

container containing 10ml of 2.4% Glutaraldehyde solution and kept for 10 hours, as 

recommended by the manufacturer. The specimens in Group 3 were also pre-washed and 

were placed inside a glass container with a plug and were kept in a hot air oven at 170 °C for 

1 hour (Figure 4).  

All decontaminated specimens in Group 1, Group 2 and Group 3 were placed in a sterile 

microcentrifuge tube containing 1ml of BHI broth and were transported back to the 

microbiological laboratory for microbial analysis. The microbial analysis for the specimens in 

Group 1, Group 2 and Group 3 were repeated with a similar methodology as performed 

before decontamination of the rotary diamond burs. 
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Figure 7. The microbial analysis of colony forming units pre and post, Hot air oven 

sterilization for (7A) Streptococcus Mutans, (7B) staphylococcus Aureus  

and (7C) Candida. 

The Colony-forming units (CFU) for streptococcus mutans, Staphylococcus aureus  

and Candida for the specimens in Group 1, Group 2 and Group 3, before and after 

decontamination values were counted using the semiquantitative colony count method and 

tabulated among the three test groups which formed the basic data for the study (Figure 5, 6, 

7). The resultant data was subjected to statistical analysis to draw the conclusion from the 

experimental data to determine the most efficient method for the decontamination of the 

rotary diamond burs. 

RESULTS 

The resultant Pre and Post sterilization values of Group 1, Group 2 and Group 3 were 

subjected to statistical analysis. Descriptive measures such as the mean and the standard 

deviations were compared for all the study groups selectively using the Kruskal-Wallis test, 

with p < 0.05. 
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Pair-wise comparison of the test groups was done using the Mann Whitney test and a 

comparison between Pre and Post sterilization values in the three groups was done using the 

Wilcoxson Sign test for Streptococcus mutans, Candida, and Staphylococcus aureus 

individually with p < 0.05. 

The Mean, Standard deviation and coefficient of variance were calculated for Group 1, 

Group 2 and Group 3 based on the number of Pre sterilization and Post sterilization colonies 

in Streptococcus mutans, Candida and Staphylococcus aureus for each of the three groups 

respectively (Table 1, 2 and 3). Kruskal Wallis test (one-way ANOVA on the ranks) was 

done for the non-parametric statistical difference comparison of the Pre and Post sterilization 

values for significance (p < 0.05) among three groups, it was observed that there was a 

statistically significant difference among the three groups for post sterilization values for all 

the three common microorganisms studied. 

 

Table 1. Comparison of the three groups using Kruskal-Wallis test  

for (Streptococcus Mutans-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 278200   429363 7.47 0.024* 

  Group 2 20 1000 1000000 396550   455681     

  Group 3 20 1000 1000000 89650   218868     

Post Group 1 20 3 180 58.2   52.94 42.74 0.00* 

  Group 2 20 100 750 515.05   204.79     

  Group 3 20 100 400 255   85.68     

* Statistically significant (p < 0.05). 

 

Table 2. Comparison of the three groups using Kruskal-Wallis test  

for (Candida-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 0 1000000 441000   469635 10.43 0.005* 

  Group 2 20 10000 1000000 406000   448006     

  Group 3 20 0 1000000 177650   356836     

Post Group 1 20 0 34 12.85   8.543 29.27 0.00* 

  Group 2 20 50 1000 327.5   351.117     

  Group 3 20 0 1000 212.5   291.491     

* Statistically significant (p < 0.05). 

 

Table 3. Comparison of the three groups using Kruskal-Wallis test  

for (Staphylococcus Aureus-CFU*103) 

 
    N Minimum Maximum Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 116650 303416 0.3 0.85 

Group 2 20 0 1000000 173650 358184 

Group 3 20 0 1000000 82850 220433 

Post Group 1 20 2 200 49.4 55.635 7.52 0.023* 

Group 2 20 0 1000 215.7 247.773 

Group 3 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Table 4. Comparison of three groups using Post-Hoc (Mann-Whitney test-CFU*103) 

 

    
Group 1 v/s Group 2 Group 1 v/s Group 3 Group 2 v/s Group 3 

Mean diff P value Mean diff P value Mean diff P value 

S. Mutants 
Pre -118350 0.1 188550 0.46 306900 0.004* 

Post -456.85 0.00* -196.8 0.00* 260.05 0.00* 

Candida 
Pre 35000 0.85 26350 0..015* 228350 0.002* 

Post -314.6 0.00* -199.65 0.001* 115 0.093 

S. Aureus 
Pre -57000 0.9 33800 0.54 90800 0.75 

Post -166.3 0.012* -98.1 0.035* 68.2 0.54 

* Statistically significant (p < 0.05). 

 

 

Graph 1. Comparison of the post sterilization mean values of Streptococcus Mutans 

among the three groups-CFU*103. 

 

Graph 2. Comparison of the post sterilization mean values of Candida  

among the three groups-CFU*103. 
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For Streptococcus mutans, (Table 1 and Graphs 1) the post sterilization CFU in  

Group 1 were less (58.20 ± 52.94) compared to Group 3 (255.00 ± 85.68) and Group 2 

(515.05 ± 204.79), however, for Candia, (Table 2 and Graphs 2) the post sterilizations CFU in 

Group 1 were less (12.85 ± 8.54) when compared to Group 3 (212.50 ± 291.49) and Group 2 

(327.50 ± 351.11). The Staphylococcus aureus (Table 2 and Graphs 3) the post sterilization 

CFU in Group 1 were the least (49.40±55.63) followed by Group 3 (147.50 ± 147.56) and 

maximum for Group 2 (215.70 ± 247.77). 

 

 

Graph 3. Comparison of the post sterilization mean values of Staphylococcus Aureus 

among the three groups-CFU*103. 

 

Graph 4. Comparision of post sterilization mean values of the three groups-CFU*103. 

Statistical comparison between the three sterilization techniques for each microorganism 

was done using a series of Mann Whitney Post hoc tests (Table 4) to evaluate which 

sterilization method resulted in a greater reduction in the viable microorganism count of the 

three microorganisms tested. 

The significance of the mean difference was assessed and it was observed that the post 

sterilization values for Streptococcus mutans were statistically significant for Group 1 v/s 

Group 2, Group 2 v/s Group 3 and Group 3 v/s Group 1, and for Staphylococcus aureus and 
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Candida the post sterilization values showed a statically significant difference for the  

Group 1 v/s Group 2 and Group 1 v/s Group 3,which indicates that there was a clinically 

significant amount of difference observed in the efficacy of sterilization between the Group 1 

and Group 2, and Group 1 and Group 3, for all the three microorganisms, the difference in the 

efficacy of sterilization between Group 2 and Group 3 was only significant for Streptococcus 

mutans. The overview of the Post Hoc intergroup comparison indicates that post sterilization 

values for specimens in Group 1 were the most statistically relevant. 

It was also observed that the difference in mean and standard deviation when tested using 

the Wilcoxon Sign test between the Pre and Post sterilization values in all the Groups, for all 

the three micro-organisms were statistically significant. (Table 5 Table 6, Table 7, Graph 4, 

Graph 5) which indicated that all the three methods i.e., Autoclave, Glutaraldehyde and Hot 

Air Oven showed an overall statistically significant reduction in the post sterilization colony 

count when compared to the pre sterilization colony count. 

 

Table 5. Comparison of the mean values (pre and post) of Streptococcus Mutans  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 278200 429363 0.00* 

Post 20 3 180 58.2 52.94 

Group 2 Pre 20 1000 1000000 396550 455681 0.00* 

Post 20 100 750 515.05 204.79 

Group 3 Pre 20 1000 1000000 89650 218868 0.00* 

Post 20 100 400 255 85.68 

* Statistically significant (p < 0.05). 

 

Table 6. Comparison of the mean values (pre and post) of Candida  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 0 1000000 441000 469635 0.00* 

Post 20 0 34 12.85 8.543 

Group 2 Pre 20 10000 1000000 406000 448006 0.00* 

Post 20 50 1000 327.5 351.117 

Group 3 Pre 20 0 1000000 177650 356836 0.00* 

Post 20 0 1000 212.5 291.491 

* Statistically significant (p < 0.05). 

 

Table 7. Comparison of the mean values (pre and post) of Staphylococcus Aureus  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 116650 303416 0.00* 

Post 20 2 200 49.4 55.635 

Group 2 Pre 20 0 1000000 173650 358184 0.00* 

Post 20 0 1000 215.7 247.773 

Group 3 Pre 20 0 1000000 82850 220433 0.00* 

Post 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Graph 5. Comparison of the pre and post sterilization mean values of 3 micro-organisms 

among the 3 groups-CFU*103. 

The findings of the study suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 

DISCUSSION 

The present study has selected the three most commonly used methods for the 

sterilization of rotary diamond burs under the rules for disinfection and sterilization in health 

care facilities of the Center for Disease Control and Disinfection Prevention Guidelines 

(CDC) i.e., Moist Heat, Dry heat and Chemical method [7, 8]. 

All the burs used in the study were subjected to teeth preparation procedures and were 

clinically contaminated with possibly pathogenic bacteria and fungi species in this research. 

All dental burs used are a prospective cause of cross-infection and should be decontaminated 

properly before reuse [9, 10]. 

The prevalent existence of Streptococcus mutans, the gram-positive facultative anaerobe, 

candida and staphylococcus aureus on the used dental burs influenced the choice of all these 

species as the test organism for the assay technique. Streptococcus mutans has been 

recognized as the causative organism of bacteremia and infective endocarditis. Oral infections 

caused by Staphylococcus aureus are angular cheilitis, parotitis, and staphylococcal 

mucositis. Some skin conditions include folliculitis, impetigo, abscesses, cellulitis, and toxic 
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epidermal necrolysis, and systemic conditions caused by Staphylococcus aureus include 

endocarditis, osteomyelitis, and pneumonia [5, 10]. One particular strain of staphylococcus 

MRSA (methicillin-resistant Staphylococcus aureus) is a highly infectious strain of 

staphylococcus that is resistant to all the beta-lactam antibiotics including methicillin which is 

also a type of penicillin which is often present in the oral cavity and can cause damaging 

levels of cross-contamination. Subgingival regions were potential reservoirs of pathogenic 

species of Candida that could be the etiology of chronic periodontitis and oral thrush [11]. In 

a study done by S M Petrovic et al. [12]. (2019) the results established that there are Candida 

carriers among subjects with clinically healthy oral mucosa. This study also showed that 

subgingival areas as potential areas that harbour these pathogenic candida species. All the 

selected organisms have particular proteins for linking to salivary, plasma and platelet 

proteins. They adhere to composite restorative materials and metals, including dental 

amalgam, gold, and non-precious alloys. They are the organisms predominantly found in the 

gingival sulcus [2, 8]. 

Numerous scientific publications currently deal with the spread of pathogens including 

prion proteins which may be transferred from one individual to another through blood or 

tissue [13]. 

C H Miller et al. [14] (1991) concluded in their study that autoclaving being an effective 

and safe method, yet results in corrosion of steel items which is in accordance with the 

current study that Autoclave is the better method of sterilization of burs in comparison to the 

dry heat or chemical sterilization. The study done by Abirami Mathivanan et al. [15] (2017) is 

similar to the previously mentioned study where the findings are in accordance with of the 

current study that hot air oven and the autoclave are a relatively better method for clinically 

effective decontamination of rotary diamond burs when compared to the other commonly 

used chemical disinfectant. 

Observations of Vinay Kumar et al. [1] (2015), suggested complete sterilization of 

endodontic files and diamond burs sterilized by autoclaving and glutaraldehyde. Burs and 

files submerged in Glutaraldehyde (2.4%) for 12 hours yielded full sterilization are in 

contradiction with the present research, which suggested that none of the three techniques 

yielded full sterilization however autoclave showed the relatively better decontamination 

compared to hot air oven and 2.4% Glutaraldehyde. 

Tate WH et al. [16] (1995) in their study showed that composite polishing instruments 

were decontaminated using chemical and physical means of sterilization, Glutaraldehyde was 

an efficient disinfectant, but other disinfectants (iodophor, phenol,) were not safe generally. 

Autoclaving, chemiclaving, and microwaving resulted in effective sterilization. The results of 

this study are contrary to the results of the current study, where all three methods i.e., 

autoclave, Glutaraldehyde, and hot air oven showed clinically significant levels of 

decontamination. 

The findings of the current study, where none of the sterilization methods used on 

contaminated rotary diamond burs showed 100% effectiveness, and that the sterilization using 

Autoclave was more effective compared to the Hot Air Oven and Gluteroldehyde. The 

findings are in accordance to the study conducted by Morrison et al. [17] (2009) were the 

contamination rates of the post sterilization cultures varied for each method incorporated to 

sterilize the rotary diamond burs and endodontic files.  

While sterilization and decontamination procedures are essential to ensure safe and 

effective dental treatment, these processes may result in changes in burs morphological 



Efficacy of Different Decontamination Methods on Rotary Diamond Burs 333 

characteristics and efficiency. Therefore, to achieve a safe decontamination procedure with 

the least possible physical form changes in burs, the effects and limitations of each 

sterilization method must be known [18-20]. 

Given the complexity of the microstructure of the dental burs, and the bur morphology 

does not allow the thorough cleaning of the dental bur and subsequently serves as a potential 

carrier of the infectious microorganism from the oral cavity of the infected dental patient to a 

healthy patient. The constraints with the cost factor, dental burs are often reused but seldom 

efficiently sterilized prior to its reuse. The current study explains the different methods that 

showed the maximum sterilization which gives the general dental practitioners a clearer 

perspective as to which method to adopt in their daily clinical practice with the ethical 

concern of the health of the dental staff and the patients by preventing potential mode of 

transmission of infectious diseases. 

The most commonly used methods of decontamination have been included in the study 

while there is scope for future research with various other methods with a potential prospect 

for an effective method of decontamination for the complex microstructure of the rotary 

diamond burs with minimizing the alterations in the surface morphology of the rotary 

diamond bur and its relation to their cutting efficiency. 

Although effective decontamination was seen with all the three methods there were some 

limitations like mild surface corrosion which was observed on some of the burs which were 

subjected to glutaraldehyde immersion and autoclave sterilization and there was only one 

prototype of rotary diamond bur included in the study, however, burs with different forms and 

different manufacturing methods were not included.  

CONCLUSION 

The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization methods for 

decontamination significantly reduced the oral microbial contamination of the rotary  

diamond burs. Maximum reduction in Streptococcus mutans, Candida and Staphylococcus 

aureus was seen with the autoclave sterilization followed by Hot Air Oven and 2.4% 

Glutaraldehyde. 
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Systematic Review and Meta-Analysis

IntRoductIon

In today’s world, dental implants form the most accepted and 
promising treatment modality for missing teeth. Owing to their 
popularity and versatility, many manufacturers have entered 
the industry and produce a variety of implants that vary in 
make and shape. This makes implant identification difficult 
when necessity arises.

Implant maintenance and repair require information about 
the implant system[1] as the implant components are unique 
to the manufacturer and need specific tools or components.[2] 
When patients do not have implant records or have traveled 
from other region or country, clinicians face difficulty in 
identifying the system.[3] Clinicians either rely on radiographic 
interpretation or contact the company or colleagues to seek 
assistance in identifying the system, making it an assumptive 
process and not a definite approach.

Several attempts have been made to document basic 
design and features of implant systems on radiographs.[4-7] 
However, none of them are easy or quick, and they require 

significant amount of human effort, knowledge, experience, 
and time.

Considering these challenges, recently, artificial intelligence (AI) 
has been experimented in implant identification and found to 
be a promising technique.[1,3,8-12] Machine learning, a subset 
of AI, offers an array of algorithms that classify the implant 
systems based on similarity in the pattern they exhibit; thus, the 
trained model predicts the type of implant system, making the 
process quick and effortless.[13,14] This review was undertaken 
to assess the accuracy of machine learning in dental implant 
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identification from radiographs and to gauge if it can be 
advocated as a technique of implant identification.

MateRIals and Methods

Population, intervention, comparison, and outcome (PICO) 
framework was formulated. The population included dental 
implants, the intervention included machine learning as a 
method to identify dental implants, the comparison was for 
human participants (dental professionals), and the outcome 
was accuracy of machine learning in identification of dental 
implant systems.

Searches were conducted in four electronic databases: PubMed, 
SCOPUS, Cochrane library, and Google Scholar. Additional 
searches were made in gray literature, trial registries, and 
thesis repository, and manual searches were performed in the 
references of the included studies. For PubMed, a literature 
search was made with MeSH terms and for other databases 
same search terms were used. The search terms used were 
machine learning, artificial intelligence, dental implants, 
radiography, and classification (MeSH terms). These search 
terms were used in combination to search the database. Filters 
included the articles published during the period June 2015–
June 2021, accounting for 6 years, and in English language. 
Filters also included the exclusion of patents and books.

The systematic review was conducted adhering to 
Preferred Reporting Items for Systematic reviews and 
Meta-Analysis (PRISMA) guidelines.[15] Figure 1 depicts 
the flowchart showing the process of study selection in 
accordance with PRISMA guidelines. The titles and abstracts 
were screened for the inclusion criteria, that is, machine 
learning models for implant system identification. The full 
text of articles was screened adhering to the inclusion criteria. 
Studies that used methods other than machine learning to 
identify dental implant systems, review articles, studies that 
used means other than intraoral periapical radiographs (IOPA) 
and orthopantomogram (OPG) images, and studies that 
used machine learning for purposes other than identification 
of dental implant systems were excluded. Two reviewers 
screened each record (title/abstract) and retrieved the 

report independently, and disagreements were resolved by 
discussion with the third examiner. This study was registered 
in PROSPERO (CRD42021252085).

Results

The search strategy yielded eight articles that applied machine 
learning for implant identification. After screening the full text 
and eliminating duplicates, articles were exported in Zotero 
software. The data from selected articles were extracted in 
Microsoft Excel sheet, which included author, title, journal, 
year, country, and language of publication, population, 
keywords, type of manuscript, study design, location of study, 
statistical analysis, intervention, sample size, publication and 
other biases, and type and accuracy of the machine learning 
model used. The included studies had been published between 
June 2015 and June 2021 in the USA, Switzerland, and 
Germany.

Study characteristics
Imaging
Of the eight included studies, three studies used OPG, two 
studies used IOPAs, and three studies used both OPG and 
IOPAs to train AI models. Lee et al.[9,10] compared the accuracy 
of AI model based on OPG and periapical radiographs; 
both studies concluded that accuracy was marginally high 
for periapical radiographs (0.956, 0.979 and 0.929, 0.961, 
respectively). The reason for this could be that IOPAs generally 
have better image quality in comparison to OPGs.[16]

Dental implant systems used and their characteristics
Studies included in the review used different dental implant 
systems for training AI model: Zimmer Biomet, Dentsply, 
Nobel Biocare, Implantium, Straumann, Brånemark System, 
Swiss plus, Osstem, Dentium, and Kyocera. Straumann and 
Nobel Biocare were the most commonly used dental implant 
systems. Lee et al.[10] used Osstem TSIII SA, Superline 
Dentium, and Straumann BLT and found the highest accuracy 
for Straumann BLT systems. The authors proposed that this 
could be due to the largest taper of the Straumann BLT implant 
system. Lee et al.[9] used Dentsply Astra Osseospeed, Dentium 
Implantium, Dentium Superline, Osstem TSIII, Straumann 
SLA active BL, and Straumann SLA active BLT and found the 
highest accuracy for Straumann SLA active BLT. However, 
Osstem TSIII and Dentium Superline implant systems that 
do not have prominent characteristic elements showed lesser 
accuracy. In a study conducted by Sukegawa et al.,[8] the 
accuracy was similar for all implant systems used in the 
study, but it was marginally higher for the Straumann tissue 
4.1 implant system. In a study by Said et al.,[11] the AI model 
achieved high accuracy for Zimmer Biomet Dental Tapered 
Screw-Vent, which had an apex hole, and for Nobel Biocare 
and Branemark system with external hexagon platform. Kim 
et al.[3] found that neural networks searched for distinctive parts 
of each implant for recognition of the system, and this proves 
that deep learning can identify the discriminative features of 
the implant type well. Outcomes of these studies suggest that 

87189 records identified
Pub med -121

Scopus- 46
Cochrane library -2

Google scholar- 87020

87181 records excluded
after screening title

and abstract

8 records included

Exclusion Criteria
1. Studies that used methods other

than machine learning for dental
implant identification

2. Studies that used machine learning
for purpose other than dental implant
identification

3. Studies that used means other than
IOPA and OPG for dental implant
identification

4. Review articles
5. Removal of duplicates

Figure 1: Flowchart showing the process of study selection by PRISMA 
guidelines.[15] PRISMA = Preferred Reporting Items for Systematic reviews 
and Meta-Analysis
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the AI model could easily identify implants that have sharp and 
discriminative features. However, parts, features, and ranges 
of implants that are focused on for implant identification differ 
from one AI model to another.

Machine learning models
In a study conducted by Sukegawa et al.,[8] finely tuned VGG16 
achieved the best performance, followed by finely tuned VGG19, 
VGG16 with transfer learning, VGG19 with transfer learning, 
and basic convolutional neural networks (CNNs). The authors 
found that basic CNN with lesser convolutional layers has limited 
capacity for image classification. With appropriate transfer 
learning and fine-tuning, pretrained CNN networks were capable 
of performing better in image classification, even with smaller 
dataset.[8] In a study conducted by Kim et al.,[3] SqueezeNet, 
ResNet 18, and ResNet 50 showed the highest accuracy among 
the models tested. Sukegawa et al.[12] found that the larger the 
number of parameters and deeper the network, the better was 
the accuracy. Algorithm performances cannot be compared as 
studies exhibit heterogenicity in terms of sample size, method 
and type of data acquisition, training, and the algorithm itself.

Performance comparison between machine learning and 
dental professionals
Two studies compared the accuracy of AI models with that of 
dental professionals. A study by Lee et al.[10] demonstrated the 
superiority of deep CNN architecture with an area under curve 
(AUC) of 0.971 over board-certified periodontists with an AUC 
of 0.925. In a study by Lee et al.,[9] the performance accuracy 
of 25 dental professionals was compared to trained automated 
deep CNN (DCNN), and automated DCNN surpassed most of 
the dental professionals.

Risk of bias
Systematic reviews of AI in diagnosis are sparse in dentistry. 
We could not find a suitable tool to perform a risk of bias 
assessment, although the possible risk of bias has been 
discussed in the discussion section.

Table 1 describes the study characteristics of the included 
studies. Excluding one study that used supervised machine 
learning (k nearest neighbor [KNN]), the rest of the studies 
used different CNN architectures that varied from basic CNN 
to visual geometry group (VGG), ResNet, and GoogLeNet 
Inception. Six studies applied transfer learning to CNNs; 
transfer learning improves efficiency, saves training time, and 
reduces data needs. Data augmentation was considered in three 
studies. Data augmentation either creates slightly modified 
copies of existing data or artificially creates new training data 
from the existing data to overcome overfitting. The limitation of 
data augmentation is data bias; augmented data is quite different 
from the original that can lead to suboptimal performance.

Meta-analysis
Meta-analysis was conducted on three eligible studies. Other 
studies were not eligible as the outcomes of interest were not 
measured or were not reported. The random-effects model was 
used. Figure 2 shows the forest plot for accuracy of machine 

learning in identification of dental implant systems based on 
three studies. The forest plot denotes a highest accuracy of 
97.10% (95% confidence interval [CI]: 96.32, 97.88) and a 
lowest accuracy of 93.80% (95% CI: 87.20, 99.40). The overall 
pooled estimate of accuracy when all individual studies were 
combined was 95.43% (93.37, 97.48), with heterogenicity 
among three studies being very high (92.44% and P < 0.001). 
We observed a clear heterogenicity among studies in terms of 
sample size, method of data acquisition, training AI model, 
presentation of data, data analysis, and validation of the model. 
Figure 3 shows the evidence of publication bias as it is apparent 
that the funnel plot does not exhibit expected normality in the 
estimates of accuracy.

dIscussIon

Science and technology have made life easier by providing 
solutions to many challenges. Implant identification, being 
an unsolved problem in implant dentistry, needs an immediate 
solution and AI can be the answer. A total of eight studies were 
found that used machine learning in implant identification 
and found machine learning algorithms to be proficient in 
performing the task.

In comparison to the existing literature, this review addresses 
the key elements of the research, that is, elaboration on 
different AI algorithms used, their outcomes based on different 
implant systems used, performance comparison with dental 
professionals, and meta-analysis of the eligible studies.

Morais et al.[17] tested the supervised machine learning model 
KNN in implant identification in 2015. Thereafter, there was a 
substantial increase in studies using deep learning for implant 
identification during 2020. A KNN classifier compares the 
unknown input data with all the labeled data present in the 
reference database and puts it into a category that is most 
similar to input data. The aim of this study was to introduce 
the concept of identifying an unknown dental implant using a 
framework based on image processing concepts. The remaining 
studies tested deep learning techniques that use multiple layers 
known as CNNs to extract higher-level features from the 
input data. The information of the image passes from the first 
layer (input) to the last layer (output) by being filtered through 
each layer according to its features. The first layer identifies 
the general shape of the image, the next layer its edges, and 
then angles, points, and so on, until a prediction is made at 

Figure 2: Forest plot for accuracy of machine learning in dental implant 
identification

[Downloaded free from http://www.jiaomr.in on Monday, September 26, 2022, IP: 242.4.200.43]
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the exit of the last layer on the identity of the image.[11] Six 
out of eight studies reported an accuracy of over 90%, which 
supports the use of machine learning in implant recognition; 
the other two studies were pilot in nature.

A clear heterogenicity was noticed among studies in terms of 
data acquisition, sample size, data presentation, and analysis. 
A formal sample size calculation was not mentioned in the 
studies included. Many times, the historical data is collected 
from clinical care repositories or open-source databases to 

meet the data demands. These repositories are not always 
quality controlled and may lead to mistakes and unrecognized 
biases.[18] Thus, insufficient sample size and poor data quality 
subject the studies to high risk of bias.

Considering the reporting of relevant model performance 
measures, different range of metrics were used to report the 
performance of the machine learning algorithms, such as 
accuracy, precision, recall, F1 score, sensitivity, specificity, 
positive predictive value, and negative predictive value. As 
these were the only measures of performance reported, it 
leads to difficulty in comparison and summarizing the data 
during meta-analysis. Studies conducted using AI in implant 
identification are few and the research is in the initial stage. 
In the future, there is a need for comprehensive and structured 
reporting and standardization of the methodologies. Problems 
like overfitting and model validation need to be addressed and 
a standardized guideline for reporting these has to be followed. 
External validation of the models will help to set standards to 
ensure the applicability of machine learning-based prediction 
model studies.[18]

The final estimate of the accuracy performance of machine 
learning is based on relatively few studies. Studies were 
excluded from meta-analysis due to lack of standardized 
reporting and inadequate data. Consequently, there could 
be considerable uncertainty around the estimates of 
meta-analysis.

Table 1: Study characteristics of the included studies

Author Radiograph 
used

Number of 
images for 

training

Algorithm 
architecture

Algorithm architecture 
name

Transfer 
learning 
applied

Accuracy Data 
augmentation

Comparison 
with dental 

professionals
Sukegawa 
et al.[8]

Panoramic 
radiographs

8859 CNN Basic CNN Yes 0.860 No Not reported
VGG16 transfer 0.899
VGG16 fine-tuning 0.935
VGG19 transfer 0.880
VGG19 fine-tuning 0.927

Said et al.[11] Periapical and 
panoramic 
radiographs

1206 CNN Pretrained GoogLeNet 
Inception 

Yes 93.8% Yes Not reported

Lee et al.[9] Periapical and 
panoramic 
radiographs

11,980 CNN Automated deep CNN Yes AUC of 
0.954

No AUC less than 
0.954

Lee et al.[10] Periapical and 
panoramic 
radiographs

10,770 CNN Fine-tuned and pretrained 
deep CNN architecture 
(GoogLeNet Inception-v3)

Yes AUC of 
0.971

Yes AUC of 0.925

Kim et al.[3] Periapical 
radiographs

801 CNN SqueezeNet Yes 0.96 Yes Not reported
GoogLeNet 0.93
ResNet 18 0.98
MobileNet-v2 0.97
ResNet 50 0.98

Sukegaw 
et al.[12]

Panoramic 
radiographs

9767 CNN ResNet 18 Yes 0.9787 No Not reported
ResNet 34 0.9800
ResNet 50 0.9800
ResNet 101 0.9841
ResNet 152 0.9851

CNN=convolutional neural network

Figure 3: Funnel plot for accuracy of machine learning in dental implant 
identification
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The outcome of this systematic review and meta-analysis 
suggests that machine learning is practically efficient in 
implant recognition. Additional studies are required to develop 
algorithms for other implant systems across the world.

Clinical implications
AI has revolutionized the health-care industry. The 
development of machine learning has created an unprecedented 
transformation in medical diagnosis.[19] The use of AI to 
identify the implant system in a patient will increase efficiency 
and reduce the effort and time spent in identification using 
conventional methods or by human intelligence.

Recommendations for future research
1. Training of algorithms needs to be done with more implant 

systems across the world and more sample sizes to achieve 
maximum accuracy to be useful for the dental community.

2. A wide array of algorithms is available to solve 
classification problems. More algorithms can be tested 
to achieve the highest accuracy for implant recognition.

3. Standardized guidelines need to be formulated for 
conducting and reporting of studies that investigate AI in 
implant identification. Standardization of radiographic 
images plays an important role in the accuracy of the 
algorithm. AI has demonstrated better performance 
with 3D imaging. Studies using cone-beam computed 
tomography images would yield higher accuracy and 
better performance of the models.[20]

Acknowledgements
We would like to extend our sincere thanks to Mr. Jang Bahadur 
Prasad, Department of Epidemiology and Biostatistics, 
K. L. E Academy of Higher Education and Research, Belagavi, 
Karnataka, India, for his contribution in carrying out statistical 
analysis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Takahashi T, Nozaki K, Gonda T, Mameno T, Wada M, Ikebe K. 

Identification of dental implants using deep learning-pilot study. Int J 
Implant Dent 2020;6:53.

2. Saghiri MA, Freag P, Fakhrzadeh A, Saghiri AM, Eid J. Current 
technology for identifying dental implants: A narrative review. Bull Natl 
Res Cent 2021;45:1-11.

3. Kim JE, Nam NE, Shim JS, Jung YH, Cho BH, Hwang JJ. Transfer 
learning via deep neural networks for implant fixture system 

classification using periapical radiographs. J Clin Med 2020;9:1117-27.
4. Sahiwal IG, Woody RD, Benson BW, Guillen GE. Macro design 

morphology of endosseous dental implants. J Prosthet Dent 
2002;87:543-51.

5. Sahiwal IG, Woody RD, Benson BW, Guillen GE. Radiographic 
identification of nonthreaded endosseous dental implants. J Prosthet 
Dent 2002;87:552-62.

6. Michelinakis G, Sharrock A, Barclay CW. Identification of dental 
implants through the use of Implant recognition software (IRS). Int Dent 
J 2006;56:203-8.

7. Jandali R. Global Implant Solutions LLC. Dental Implant Identification 
System. United States Patent US20090155744A1; 18 June, 2009.

8. Sukegawa S, Yoshii K, Hara T, Yamashita K, Nakano K, Yamamoto N, 
et al. Deep neural networks for dental implant system classification. 
Biomolecules 2020;10:984-96.

9. Lee J-H, Kim YT, Lee J-B, Jeong S-N. A performance comparison 
between automated deep learning and dental professionals in 
classification of dental implant systems from dental imaging: 
A multi-center study. Diagnostics (Basel) 2020;10:910.

10. Lee J-H, Jeong S-N. Efficacy of deep convolutional neural network 
algorithm for the identification and classification of dental implant 
systems, using panoramic and periapical radiographs: A pilot study. 
Medicine (Baltimore) 2020;99:e20787.

11. Saïd MH, Le Roux M-K, Catherine J-H, Lan R. Development of 
an artificial intelligence model to identify a dental implant from a 
radiograph. Int J Oral Maxillofac Implants 2020;36:1077-82.

12. Sukegawa S, Yoshii K, Hara T, Matsuyama T, Yamashita K, Nakano K, 
et al. Multi-task deep learning model for classification of dental implant 
brand and treatment stage using dental panoramic radiograph images. 
Biomolecules 2021;11:815.

13. Revilla-León M, Gómez-Polo M, Vyas S, Barmak BA, Galluci GO, 
Att W, et al. Artificial intelligence applications in implant dentistry: 
A systematic review. J Prosthet Dent 2021;S0022-3913(21)00272-9. 
doi: 10.1016/j.prosdent. 2021.05.008. Online ahead of print.

14. Grischke J, Johannsmeier L, Eich L, Griga L, Haddadin S. Dentronics: 
Towards robotics and artificial intelligence in dentistry. Dent Mater 
2020;36:765-78.

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: An updated guideline 
for reporting systematic reviews. BMJ 2021;372:n71.

16. Adarsh K, Sharma P, Juneja A. Accuracy and reliability of tooth 
length measurements on conventional and CBCT images: An in vitro 
comparative study. J Orthod Sci 2018;7:17.

17. Morais P, Queirós S, Moreira AHJ, Ferreira A, Ferreira E, Duque D, 
et al. Computer-aided recognition of dental implants in X-ray images. 
Proc. SPIE 9414, Medical Imaging 2015: Computer-Aided Diagnosis, 
94142E. Available from: https://www.spiedigitallibrary.org/conference-
proceedings-of-spie/9414/94142E/Computer-aided-recognition-of-
dental-implants-in-X-ray-images/10.1117/12.2082796.short?SSO=1. 
[Last accessed on 2015 Mar 20].

18. Liu X, Faes L, Kale AU, Wagner SK, Fu DJ, Bruynseels A, et al. 
A comparison of deep learning performance against health-care 
professionals in detecting diseases from medical imaging: A systematic 
review and meta-analysis. Lancet Digit Health 2019;1:e271-97.

19. Mirbabaie M, Stieglitz S, Frick NRJ. Artificial intelligence in disease 
diagnostics: A critical review and classification on the current state of 
research guiding future direction. Health Technol 2021;11:693-731.

20. Hung K, Yeung AWK, Tanaka R, Bornstein MM. Current applications, 
opportunities, and limitations of AI for 3D imaging in dental research 
and practice. Int J Environ Res Public Health 2020;17:4424-41.

[Downloaded free from http://www.jiaomr.in on Monday, September 26, 2022, IP: 242.4.200.43]



Vol.:(0123456789)1 3

Odontology 
https://doi.org/10.1007/s10266-022-00769-7

ORIGINAL ARTICLE

The effect of external magnetic field on osteogenic and antimicrobial 
behaviour of surface‑functionalized custom titanium chamber 
with iron nanoparticles. A preliminary research

Santosh Nelogi1  · Anand Kumar Patil2 · Ramesh Chowdhary3

Received: 11 March 2022 / Accepted: 15 November 2022 
© The Author(s), under exclusive licence to The Society of The Nippon Dental University 2022

Abstract
Purpose The controlled responsive characteristics of iron nanoparticles (FeNp) in magnetic fields make them an attractive 
prospect in this field. In the presence of a magnetic field, FeNp can significantly impact cell behaviour, leading to break-
throughs in nanotechnology.
Aim/hypothesis The aim is to determine the possible applications of iron nano particles (FeNp), and induced magnetic 
exposure role in osteoconduction and antibacterial activity.
Materials and methods The custom-grade IV titanium (Ti)hollow chamber is fabricated, surface treated with FeNp. Each 
titanium chamber contained neodymium, iron, and boron magnet disc, and the effect of FeNp on osteoblast-like cells 
(MG63) was evaluated in terms of cell attachment and survivability, morphological characteristics, particle absorption, 
and antibacterial properties. The effects of cellular uptake of FeNp and their responses to subcellular thrust were studied 
using fluorescent microscopy. MTT was used to determine cell viability, and von Kossa histochemical staining was used to 
determine matrix mineralization.
Results In the magnetized Ti chambers group, osteogenic activity and mineralization were considerably greater than in the 
control groups (p 0.05). With a p value of 0.027, the S. aureus and E. coli were resistant to the antibacterial properties of the 
FeNp modified titanium custom Ti chamber (MIC: 0.03135 mg/mL and 0.02915 mg/mL, respectively).
Conclusion The one-of-a-kind, in vitro, conveniently modelled, limited sample study sheds light on the effect of surface-
functionalized titanium custom Ti chamber with FeNp on MG63. The use of magnetized FeNp-surfaced implants for long-
term strategic bone tissue engineering and bacteriostatic implants.

Keywords Iron nanoparticles · Implant surface treatment · Osseointegration · Antimicrobial nanoparticles · Dental 
Implantation

Abbreviations
FeNp  Iron nanoparticles
M.F.  Magnetic fields

Ti  Titanium chambers
S. aureus  Staphylococcus aureus
E. coli  Bacterium Escherichia
MIC  Minimum inhibitory concentration
ALP assay  Alkaline phosphatase activity
G + v  Gram-positive bacteria
G − v  Gram-negative bacteria

Introduction

Implants are a popular option for replacing missing teeth. 
Topographical features of the implant surface, such as 
sandblasting, etching, anodizing, plasma spraying, elec-
trophoretic deposition, sol–gel coating, and biomimetic 
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precipitation, promote faster bone-to-implant contact and 
reduce peri-implantitis [1–3].

Peri-implantitis, characterized by progressive destruction 
of the implants' soft tissue and bone, is significant in implant 
failure 30.7% percent of implants experience peri-implant 
mucositis, whereas 9.6% percent of implants experience 
peri-implantitis [4]. To reduce these failures, bioactive anti-
microbial molecules that directly control cellular behaviour 
are implanted [6]. In this case, the nanoparticle coating of 
the implant surface provides functional antimicrobial and 
osteoconductive elements to prevent implant failure. The 
biofunctionalization of implant surfaces with nanoparticles 
aids in the reduction of implant osseointegration time [5].

Iron nanoparticle (FeNp) cell interactions have attracted 
much interest in recent years because magnetic nanoparticles 
can promote cell proliferation [6]. FeNp can also interact 
with a magnetic field(M.F.), allowing them to be used in 
drug targeting and cell biology applications [7].

FeNp in the presence of an M.F. can considerably impact 
the biological behaviour [8]. An M.F. associated with FeNp 
can influence the microenvironment around the components 
and contribute to altered cellular behaviour [9–20].

As a result, surface treating titanium implants with FeNp 
would be intriguing. To the best of the authors' knowledge, 
this is the first study to investigate the effects of an external 
M.F. on surface-functionalized the implant with FeNp and 
their effects on osteogenic differentiation and antimicrobial 
properties of magnetic nanoparticle modified titanium sur-
faces using the (MG63) cell lineage.

Methods and materials

Preparation of experimental specimens

The Custom NovelTi hollow chamber is fabricated (Type 
IV Titanium) with measurements of 6 mm in diameter and 
8 mm in height. We divided the specimens into two sub-
groups of (n = 30) Group A (control): Titanium chambers 
without M.F., flux density values were no more significant 
than 0.05 mT, which is the earth's natural M.F. level.

Group B (Test)-Titanium chambers with  M.F. and 
FeNp-treated surface. An exterior magnet disc made of 
neodymium, iron, and boron is placed in the centre of each 
titanium chamber configuration based on a previous study 
[21]. An HT20 Teslameter (Hengtong Magnetic Technology 
Co) measured the M.F. intensity at a mean flux of 35 ± 5 
mT . Magnetic field was active for the entire length of the 
experiment.

Sampling

S1 = SD in first group, 6% S2 = SD in second group, 3%

d = diffrence in mean = x1 (X1–x2) = 4.5%

n = 29 30 in each group with 5% α error and 95% power

n =
2S2( Z1−�+Z1−�)

2

d2
= 30

Z1 − � = 1.96 at 5% � error

Z1 − � = 1.682 at 95% power

d = x1 − x2 = 4.5%

An independent statistician reviewed the entire 
methodology.

Procedure for surface roughness evaluation

We used a steam cleaner at 0.3 MPa pressure to sanitize 
each group's specimens before placing them in an ultrasonic 
cleaner (de-ionized water) for 180 s to remove any toxins 
from the substrate surface. After that, they were all dried 
with absorbent paper, and the roughness of their surfaces 
was ascertained quantitatively and qualitatively on all speci-
mens in each group.

The specimens were quantitatively analyzed using a 
contact stylus profilometer (Surtronic S-128–Taylor Hob-
son). An average roughness profile (R a) was calculated to 
characterize the material's cumulative roughness for each 
specimen.

We used a layer-by-layer coating method to surface treat 
(Group B) test group chambers with FeNp [22] and SEM to 
characterize test and control Ti  chambers.

Tissue culture

The MG63 cell line (CRL-1427-ATCC) (provided by NCCS 
Pune, India) was cultivated in Dulbecco's Modified Eagle 
Medium (DMEM) (Sigma-Aldrich Co.) containing 10% 
fetal bovine serum (FBS, Gibco), two mN glutamine, at a 
temperature of  370C in the presence of 5%  CO2 and 95% air 
atmosphere at 100% relative humidity.

MG63 cells were seeded on uncoated titanium chambers 
and surface-functionalized titanium chambers with FeNp at 
a 1 ×  105 cells/well concentration in 24-well culture plates 
(Falcon, Franklin Lakes, USA) and placed into Permanox 
Lab-Tek Chamber Slides (Nunc). We subjected the cells 
to 37ºC in 5%  CO2 and 95% air in the incubator, allowing 
them to adhere and proliferate for at least 72 h in DMEM; 
in each plate, we treated unfilled wells as control of culture 
conditions.
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MTT assay

We employed an MTT assay to measure the growth of MG63 
cells. In triplicate, MG63 were implanted onto Ti chambers 
at a concentration of 1 ×  105 cell/cm2 and incubated for 72 h. 
The optical density (O.D.) of dye was evaluated spectropho-
tometrically at a wavelength of 492 nm.

Assessment of MG63 cell growth

We assessed MG63 cell behaviour on titanium chambers 
using acridine orange (A.O.) staining. We subjected cells 
at an incubation time (24 and 48 h); the specimen was fixed 
and dyed with 2 × 104 mg/ml acridine orange (A.O.) for 
60 s and inspected with a FluoView Confocal Microscope 
(FV1000; Olympus, Tokyo, Japan).

Von kossa staining

The MG63 cells were cultured for 14  days, fixed with 
phosphate-buffered formalin for 10 min, and dehydrated 
serially at a concentration of 70%, 95%, and 100% etha-
nol. The culture plates were then rehydrated serially from a 
concentration of 100% to 95% to 80% ethanol in water. 2% 
silver nitrate compound and displayed in direct sunlight for 
20 min, to which 5% sodium thiosulfate was added. After 
5 min of acid fuchsine counterstaining, the culture plates 
were dried for image analysis.

ALP assay

At a level of 1 × 105 cells/cm2, MG63 cells were grown in 
triplicate. After 21 days of cultivation, the ALP activity was 
assayed by adding p-nitrophenyl phosphate. The density of 
p-nitrophenol was determined spectrophotometrically at a 
wavelength of 405 nm (Bio-Tek instruments N.C.).

Antimicrobial activity

The antimicrobial activity of magnetized iron nanoparti-
cles was checked by the minimum inhibitory concentra-
tion (MIC). To constrain the growth of each Gram-positive 
(G + v) and negative bacteria (G − v), S. aureus (MIC: 
0.3135 mg/ml) and E. coli (MIC: 0.2915 mg/ml), which was 
controlled at 105–106 CFU/ml and incubated at 35 °C. The 
spectrophotometer determined the MIC of the nanoparticle 
solution on S. aureus and E. coli at different concentrations 
of FeNp in the culture solution.

Biostatistical analysis

We asserted the obtained data, reviewed by an independent 
statistician, as the mean (M) ± standard deviation (S.D.). We 
executed the analyses using SPSS 22.0 software. We per-
formed an ANOVA to determine discrepancies within all 
perceptible indices. P < 0.001 is considered a statistically 
significant difference.

Results and discussions

The M.F. and FeNp outperformed control and synergisti-
cally enhanced the osteogenic development of the seeded 
MG63 cell line. In order to build a novel therapeutic strat-
egy, it seems totally reasonable to look for efficient dental 
implant techniques that encourage osteoblast activity while 
also being antibacterial. Magnetic fields may activate cal-
cium nanoparticle signalling pathway via changing calcium 
ion levels. This would also have an impact on nuclear fac-
tors such as cyclin, which is involved in osteoblast regula-
tion [23, 24]. Magnetic stimulation may activate the cyclic 
adenosine monophosphate system, which in turn activates 
various enzyme system that enables bone cell differentia-
tion specific metabolic changes, thereby encouraging bone 
growth [25]. The forces created by FeNp in the vicinity of a 
magnetic field may have a significant impact on cell activ-
ity [26]. Magnetic fields created by FeNP may change the 
surrounding microenvironment and so influence cellular 
activity.

On the basis of these characteristics, the osteoinduction 
was assessed in this research.

Figure 1 depicts SEM images of the uncoated titanium 
chambers' surface, which shows multiple circular ridges with 
smooth edges. Figure 2 depicts the perception of homogene-
ous powdered masses along the surfaces of the FeNp coated 

Fig. 1  SEM image of the uncoated commercially pure titanium cham-
ber
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titanium chambers. As can be seen in Fig. 2, an elemental 
analysis of titanium-coated chambers revealed the presence 
of implanted FeNp, and the masses were relatively smooth, 
with only a few tiny cracks (Tables 1, 2).

When compared to the control group as seen in Fig. 3, 
the magnetised FeNp sample stained with acridine 
orange using fluorescence microscopy, which revealed 
an increased level of cell attachment and proliferation. 
Increased cell density, improved spreading ability, and a 
relatively high cell-to-substrate interaction ratio are shown 
in Fig. 4. These results are confirmed by scanning elec-
tron microscopy (SEM) in Fig. 5. In addition, osteoblasts 
that had been cultured with FeNP and then treated with 
M.F. Figure 6 shows the discovery of the most signifi-
cant "osteogenic nodules." When compared to the control, 
which can be seen in Fig. 7, Von Kossa staining provided 
confirmation of quantification of a high content that was 
analogous to bone in osteoblast-like cells. The formation 
of extracellular mineralized matrix in FeNP was aided by 
the application of a magnetic field (ECM).    

In the current study, Magnetized FeNp inhibited 
the maturation of both gram-positive S. aureus and 

Fig. 2  SEM image of Fe Np coated titanium surfaces

Table 1  Percentages of proliferation rates in different time periods

24 h 48 h 72 h

Control 46% 54% 57%
FeNp 104.4% 109.7% 107.4%

Table 2  Comparison of groups 
at different time points ANOVA

* statistilcally signifecant

Time points Groups Mean SD Mean rank H value p value

24 h Control 41.00 7.00 2.00 7.2000 0.0270*
Test 100.33 3.72 8.00

48 h Control 53.03 6.50 2.00 7.2000 0.0270*
Test 102.27 6.48 8.00

72 h Control 49.03 12.11 2.00 7.2610 0.0270*
Test 101.63 5.20 8.00

Fig. 3  Acridine orange image of MG63cells (control group) 
(40 × magnification)

Fig. 4  Acridine orange image of MG63cells treated with Fe Np under 
the magnetic force (40 × magnification)
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gram-negative bacteria E. coli.The MIC of FeNp S. aureus 
was 0.3135 mg/cc, and E. coli was 0.2915 mg/cc.

The control group had 41% viability after 24 h, while 
the FeNp group had 104.44%, indicating that the addition 
of FeNp causes an increase in cell proliferation. As shown 
in Graph (Fig. 8), the viability of cells after 72 h of FeNp 
treatment was 107.4 percent, demonstrating the invaluable 
osteoblastic nature of FeNp and their ability to support 
the Cell's ability to remain viable for an extended period. 
As shown in Table 3, the MG63 cell line with magnetised 

FeNp had the highest level of ALP activity (0.23 ± 0.005), 
a statistically significant difference in FeNp (p 0.001) com-
pared to controls (0.22 ± 0.007).

These in  vitro assay outcomes were comparable to 
those of earlier in vitro studies, with notable increases in 
ALP activity and osteogenic cell proliferation [26–28] as 
compared to those without FeNp. According to research 
done by Kim et al. made osteoblasts more osteogenic. The 
expression of osteoblast-specific genes rises with culture 
time [29–31]. Indeed, cell adhesion and proliferation are 
affected by various cell lines, cell seed densities, and 
magnetic configurations [31–41]. The current study con-
firmed this osteoinductive effect. Furthermore, the authors 
demonstrated that incorporating M.F. with FeNp into the 
media was significantly more effective than in previous 
studies.

Magnetically cultured FeNp outperforms standard cul-
ture in terms of antimicrobial capabilities. Meng et al. 
[10]. Observed that M.F. exposure improved differentia-
tion of osteogenic cells and cell characteristics of MG63 
cell lines seeded on FeNPs-treated titanium chambers and 
cell viability.

These particles' primary antibacterial activity may 
have been caused by oxidative stress brought on by ROS 
[42–44]. In bacteria, proteins and DNA can be harmed by 
ROS such as superoxide radicals  (O2–), hydroxyl radicals 
(–OH), hydrogen peroxide  (H2O2), and singlet oxygen (1 
 O2). In the current study, FeNp may have been the catalyst 
for the production of ROS, which prevented the growth of 
most harmful bacteria, including Staphylococcus aureus. 
According to some researchers, nanoparticles' small size 
can also contribute to their bactericidal properties. For 
instance, Lee et al. [45] showed that the penetration of 
the tiny particles (sizes ranging from 10 to 80 nm) into 

Fig. 5  SEM image of MG63cells treated with Fe Np under the mag-
netic force

Fig. 6  Von Kossa staining confirms quantification of bone-like min-
eralization in MG63cells treated with Fe Np under magnetic force

Fig. 7  Von Kossa staining of MG63cells (control group)
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E. coli membranes may be the reason of the inactivation of 
Escherichia coli by zero-valent iron nanoparticles.

The research into the antibacterial properties of magnet-
ized FeNp is still in its early stages. In the current study, 
Magnetized FeNp inhibited the maturation of both gram-
positive S. aureus and gram-negative bacteria E. coli. Our 
findings were consistent. Chang et al. and Chopra et al. 
[46, 47]. The incorporation of a static magnetic field and 
magnetic nanoparticle surface treatment of titanium cham-
bers improved the antibacterial efficacy and osteoinduction 
of the M.G. 63 cell line; magnetic FeNp had a cell function 
is better, and bone matrix mineral synthesis is higher than 
in the control group.

Iron nanoparticle toxicity

It is widely acknowledged that magnetite  (Fe3O4) and magh-
emite are the trace elements of choice when it comes to the 
fabrication of FeNP  (Fe2O3). The various states of iron oxi-
dation that they exhibit have an effect on the physiochemical 
properties that they possess. Maghemite is the most desir-
able element for FeNP cores because it poses the fewest 

health risks and because iron (III) ions are naturally found in 
the human body; any metal diffusion will have no noticeable 
adverse implications [48].

During this phase of our experiment, we implemented 
the maghemite form of the FeNP. In the future, research on 
toxicity should concentrate on acute and chronic toxicity, 
the disintegration of particles, the induction of reactionary 
and proinflammatory responses, metabolism and long-term 
toxicity, and disposal in both cellular and animal models.

Research limitations

This study, however, had some limitations. The antimicro-
bial experiment was carried out with static magnetic FeNPs 
in suspension, and the antimicrobial behaviour changes as 
the static magnetic field changes. As a result, the authors 
could perhaps perform comprehensive antimicrobial tests 
at different magnetic fields, but we need more research to 
investigate the in vivo osteogenic differentiation process.

The clinical implications of this research

Microbiological growth, contamination, and virulence-
associated with implant use often cause implant failure. 
Surface-treated with FeNp would be a suitable replacement 
for systemic administration of antibiotics. As a result of the 
present study, we will be able to assist in early bone healing 
and shorten the time needed for osseointigration in compari-
son with conventional implant surface treatments.

Fig. 8  Graph showing M.G. 63 
cell proliferation comparison at 
the different time intervals

Table 3  Comparison of groups 
at different time points ANOVA

Group (alkaline 
phosphatase)

Mean and 
standard divi-
sion

1. Test 0.23 ± 0.005
2. Control 0.22 ± 0.005
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Conclusion

We devised a Custom NovelTi hollow chamber for tissue 
engineering applications and investigated the effects of 
FeNp surface treatment combined with magnetization on 
osteoinduction.

We conclude that FeNp combined with an M.F. had a 
synergistic impact on optimizing the proliferation and dif-
ferentiation of the seeded MG63 cell line, outperforming 
the control. In vitro bone regeneration is accomplished by 
substantially accelerating the biomedical behavioural pat-
terns of the cells. The enhanced cellular output and bone 
rehabilitation were attributed to the physical stress exerted 
by the magnetization and cell integration of the released 
magnetic FeNp nanoparticles.

As a result, the novel magnetic concept is highly encour-
aging for promoting bone growth and enhancing prolifera-
tion and differentiation.
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Multidisciplinary approach in the 
management of large infected 
periapical cystic lesion in the 
mandibular anterior region with 
platelet‑rich fibrin
Kiranmayi Thote, P. V. Ravindranath Reddy, P. Aproova Venkata Teji1, 
Shivayogi M. Hugar2

Abstract:
Periapical cysts are considered as the most prevalent odontogenic cystic lesions of the jaws. These 
cystic lesions are usually asymptomatic; however, once infected, they result in tumefaction of the 
affected region. Current noninvasive diagnostic methods such as computed tomography, magnetic 
resonance imaging, and cone‑beam computed tomography help in accurate assessment of size and 
nature of these lesions, which determine proper treatment planning and prognosis of the affected 
tooth. Management of these cystic lesions depends upon their extent. Periapical localized cysts can 
be managed by nonsurgical root canal therapy, whereas large periapical cysts require multidisciplinary 
approach involving an endodontist and an oral surgeon. Accelerated healing of soft and hard tissues 
near these lesions can be done using tissue engineering scaffolds such as platelet‑rich fibrin and 
platelet‑rich plasma. This case report presents successful multidisciplinary management of a large 
infected periapical cyst which was associated with mandibular incisors.
Keywords:
Cone‑beam computed tomography, endodontic therapy, enucleation, infected radicular cyst, 
plasma‑rich fibrin, tissue regeneration

Introduction

Th e  m o s t  c o m m o n l y  o c c u r r i n g 
odontogenic cystic lesions of the jaws 

are radicular cysts.[1] Based on the size, 
location of the lesion, and its proximity to 
vital structures, the management of these 
lesions varies, i.e., it might be conservative 
nonsurgical or surgical procedure.[2] Proper 
diagnosis of the extent of these lesions plays 
a major role in their treatment planning. 
Recent advancements in radiographic 
diagnostic aids such as cone‑beam 
computed tomography (CBCT) helps in 
diagnosing the lesion in all three dimensions 

providing undistorted information of the 
hard tissues.[3] Along with proper diagnosis 
and treatment planning, regenerative 
biomater ia ls  such as  plate le t ‑r ich 
fibrin (PRF), platelet‑rich plasma, and bone 
grafts help in accelerated bone regeneration 
and healing process.[4] The following case 
report presents multidisciplinary approach 
in the treatment of radicular cyst both 
endodontically and surgically along with 
using PRF.

Case Report

A 12‑year‑old female patient reported to 
the outpatient department of pediatric and 
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Figure 5: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41. Significance of red arrow 

indicates resorption area of periapical cyst Figure 6: Intraoral periapical radiograph of endodontically treated 31, 32, and 41

preventive dentistry with the chief complaint of swelling 
and pain near the chin region. The patient gave a history 
of trauma to lower front tooth 1 year back. On extraoral 

examination, a diffuse swelling was present near the 
mandibular anterior region extending anterioposteriorly 
which on palpation was firm in consistency and tender 
with slight rise in temperature [Figure 1]. On intraoral 

Figure 1: Preoperative images: Extraoral swelling noticed near chin region

Figure 3: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41 – sagittal plane. Significance 

of red arrow indicates resorption area of periapical cyst

Figure 2: Preoperative images: No swelling or sinus tract opening noticed 
intraorally. Significance of red arrow indicates resorption area of periapical cyst

Figure 4: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41- coronal plane. Significance of 

red arrow indicates resorption area of periapical cyst

[Downloaded free from http://www.ijournalhs.org on Saturday, September 17, 2022, IP: 241.131.168.51]
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examination, grade I mobility of the mandibular 
incisors (tooth no. 31, 32, and 41) was present, and no 
swelling or sinus tract opening was noticed near the 
buccal vestibule [Figure 2]. Lymph nodes were not 
palpable.

The patient was advised a CBCT of the mandibular 
anterior region. On radiographic evaluation, large 
unilocular radiolucency with well‑defined borders 
was seen. CBCT evaluation helped in assessing the 
lesion in all three dimensions including the extent of 
the lesion which was about 1.5 cm mesiodistally, about 
2 cm superior‑inferiorly, and about 2 cm labiolingually 
[Figures 3‑5]. On carrying out the electric pulp testing, 
negative response was noticed in relation to the 

Figure 7: After enucleation procedure

Figure 9: Platelet-rich fibrin placement done

Figure 8: Cystic lesion

Figure 10: Suturing done

Figure 11: Reduced swelling noticed near chin region Figure 12: Complete healing of surgical site postoperatively after 1 month

[Downloaded free from http://www.ijournalhs.org on Saturday, September 17, 2022, IP: 241.131.168.51]
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Figure 15: IOPA of 31, 32,41 after 12 months of follow-up

Figure 14: Mandibular occlusal view radiograph after 9 months of follow-up

Figure 13: Orthopantamogram after 6 months of follow-up

mandibular right and left incisors (tooth no. 31, 32, and 
41), indicating that pulp is nonvital for these teeth.

Endodontic treatment of 31, 32, and 41 was planned 
under local anesthesia followed by enucleation 
procedure [Figure 6]. Under proper sterile conditions 
and adequate anesthesia, crevicular incisions were 
placed from the right mandibular canine to the left 
mandibular canine. After the incision, full‑thickness 
mucoperiosteal flap was elevated, leading to the 
identification of cystic lesion. The cystic fluid was 
drained out and the cystic lining was completely 
removed [Figures 7 and 8]. Removal of the diseased bone 
was carried out using bone rongeur. As the cystic lesion 
was larger in size, PRF with freeze‑dried bone graft was 
planned to be placed. As the patient’s socioeconomic 
status was poor, they did not gave consent for bone 
graft placement. Hence, PRF was placed in the residual 
socket and suturing was done using vicryl 3‑0 suturing 
material [Figures 9 and 10].

Protocol followed for preparation of platelet‑rich 
fibrin
First step for preparation of PRF was to collect whole 
venous blood into vacutainer tubes (6 ml), with no 
anticoagulant placed in these tubes. These tubes were 
then placed in a centrifuge machine at 3000 revolutions 
per minute for 10 min. After this, the blood in the 
tubes settled as three layers, upper layer consisting of 
straw‑colored acellular plasma, middle layer consisting 
of fibrin clot, and lower layer consisting of red blood 
cells. The middle layer consisted of numerous platelets 
embedded in the fibrin mesh work which was used as 
PRF.

The patient was kept under antibiotics and analgesics 
and recalled for follow‑up after 1 week, 1 month, and 
3, 6, and 12 months. During follow‑up, the patient was 
symptomless and showed healing on radiographic 
evaluation [Figures 11‑15].

Discussion

Radicular cysts are considered as one of the most 
commonly occurring cystic lesions of the jaw.[1] The main 
etiological factors for these lesions are trauma or dental 
caries. In the present case, the patient gave a history of 
trauma 1 year back. The management of these lesions 
includes conventional nonsurgical root canal therapy 
when lesions are localized, or if the lesions are larger in 
size, procedures such as enucleation, marsupilization, 
or decompression techniques can be performed.[5] In 
the present case report, multidisciplinary approach was 
followed starting with root canal treatment of offending 
tooth 31, 32, and 41 followed by surgical enucleation 
procedure and placement of PRF in the bony defect.

In the present case, diagnosis of the lesion was done 
using CBCT which helped in assessing cystic lesion 
three‑dimensionally with undistorted hard tissue 
findings. Thus, accurate assessment of the size, shape, 
width, and depth of the lesion was done which helped 
in proper treatment planning.[6] However, there are some 
limitations of using it in soft tissue imaging and high 
radiation dose.

[Downloaded free from http://www.ijournalhs.org on Saturday, September 17, 2022, IP: 241.131.168.51]
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PRF consists of natural framework of fibrin, with a 
specific property of slow release of growth factors.[7] 
Growth factors such as platelet‑derived growth factor 
and transforming growth factors are released from 
PRF.[8] PRF can guide healing process as it can upregulate 
phosphorylated extracellular signal‑regulated 
protein kinase expression, and it also suppresses 
osteoclastogenesis by promoting the secretion of 
osteoprotegerin.[9] By considering these properties of 
PRF, it was used as a biomaterial for periapical tissue 
regeneration in the present study.
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Original Article

IntroductIon

Patients undergo orthodontic treatment for various purposes, 
of which dental esthetics is an important reason. Physical 
attractiveness as well as self-esteem is crucial factors which 
depend on dental esthetics.[1,2] Orthodontic treatment has 
innumerable such benefits both functional and visual which 
usually outweigh their disadvantages, but these appliances also 
cause unwanted complications.

In 1996, Behrents defined iatrogenics as harm which is 
unintentionally induced by treatment.[3] This can even occur 
during any orthodontic treatment due to negligence of the 
orthodontist. The knowledge and foresight to predict and 
explain patients about any possible iatrogenics during an 
orthodontic treatment will not only help in dealing with them 
but also will form a baseline for an efficient and ethical practice.

subjects and Methods

A questionnaire survey was conducted on orthodontists 
and final-year orthodontic postgraduate students residing/
practicing/studying in India for a period of 3 months from 
December 2020 to February 2021.

A minimum sample size of 80 was derived using the “Sample 
size for Frequency in a Population” formula.

Knowledge Regarding Orthodontic Iatrogenics, Challenges, and 
Management Strategies among Orthodontists and Orthodontic 

Postgraduate Students: A Questionnaire Survey
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Context: Negligence or improper care during orthodontic treatment results in various unwanted complications due to the orthodontic 
appliances. Iatrogenics is a situation that leads to reversible or irreversible damage to patients’ health which is unintentionally induced by 
treatment. The knowledge and foresight to predict any iatrogenic incident will help an orthodontist to avoid any greater complications in 
the predicted outcome of orthodontic treatment. Aim: The aim of the study was to assess the knowledge of orthodontists and orthodontic 
postgraduate students regarding iatrogenics, its challenges, and management strategies. Settings and Design: An online questionnaire survey. 
Subjects and Methods: A predesigned pretested questionnaire on awareness, challenges, and management domains regarding iatrogenics, 
involved during orthodontic treatment, was circulated using Google Forms among orthodontists and orthodontic postgraduate students. 
Statistical Analysis Used: Responses of the participants were entered in excel and were assessed using descriptive and frequency statistics in 
SPSS (version 20). Results: It was observed that only 10% of participants had sufficient knowledge regarding iatrogenics which can possibly 
occur during any orthodontic treatment, its challenges as well as the management. Only half of the participants were trained to handle these 
kinds of situations. Conclusions: Orthodontists and orthodontic postgraduate students had an average to poor knowledge regarding iatrogenics 
involved in orthodontic treatment, its challenges, and management strategies.
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Sample size (n) = 

[ ]( )
[ ] [ ]( )2

DEFF × Np 1 p

d × N 1 + p × 1 pZ21- /2

−

− −α
Where, N = population size (for finite population correction 
factor) (Barreto and Feitosa[4]) =100

p = Hypothesized % frequency of outcome factor in the 
population = 50%

d = Confidence limits as % of 100 (absolute ± -%) =5%

DEFF = Design effect (for cluster surveys) =1

Z1−α/2 = Critical value at confidence level of 95%, α is 0.05, 
and the critical value is 1.96.

All orthodontists working as teaching faculty as well as in 
a clinical setup, and all orthodontic postgraduate students 
studying in either government or private dental institutes who 
gave consent were included in the study, while dentists with 
diploma in orthodontics, professionals, and/or students residing 
overseas and the 1st- and 2nd-year postgraduate students were 
excluded.

Data were collected using a predesigned questionnaire. The 
questionnaire was made in English language. A pilot study was 
conducted on 10% of the total sample size who were not included 
in the main study to assess the reliability of the questionnaire. 
The questionnaire was then validated by experts in the field of 
orthodontics and necessary modifications were made.

The questionnaire consisted of three parts
a. Consent form

 It was the first page of the Google Forms, and the 
subsequent pages could be accessed only after the 
consent form was filled by the participants.

b. Sociodemographic details
 It included details such as age, gender, the type 

of setup participants worked at or were presently 
studying, and the state they belonged to.

c. Main questionnaire which was divided into three domains
•	 Awareness domain – to test knowledge on the topic 

“Iatrogenics in Orthodontics”
•	 Challenge’s domain – to understand the problems 

encountered due to iatrogenics during orthodontic 
treatment

•	 Management domain – to assess the skill of 
participants when dealing with iatrogenic problems.

E-mail ids of included participants were obtained, and the 
questionnaire was circulated among them online through 
Google Forms. The study participants were also contacted 
individually for responses. Strict confidentiality of the 
participants’ information was maintained during the study by 
coding the names of all the participants.

Data entry was done in Microsoft Excel and it was analyzed in 
SPSS version 20 software by IBM, United States. Frequency 
and percentage were used to analyze the level of knowledge 
and attitude. Chi = square test was used to find associations.

results

A large number of study participants belonged to the age 
group of 21–30 years. Majority of them were females and 
most of them were students from a private institutional 
setup [Table 1].

More than half (67.1%) of the participants were aware 
about the meaning of iatrogenics in orthodontics. Majority 
of them (71.8%) knew about the contributing factors and 
thought that it was necessary to create awareness about 
iatrogenics (88.2%), but only half of them (51.8%) were trained 
for dealing with iatrogenic incidents [Table 2].

In the challenges domain, 51.7% of the participants answered 
that iatrogenic incident during orthodontic treatments can occur 
due to multiple causes. It was noticed that only 51.8% and 
62.4% of the participants knew about slow-release intraoral 
fluoride release devices and debonding forces, respectively, 
and hence there was less than average knowledge among the 
participants regarding advances in dentistry which might help 
in decreasing iatrogenic incidences [Table 3].

In the management domain, it was observed that 100% of the 
participants believed that it was essential to take a pretreatment 
consent from the patient, out of which 58.8% of them believed 
that the consent should ideally be signed by the patient if 
he/she is above 18 years of age and if below 18 years of 
age, then the parent or guardian should sign the consent. In 

Table 1: Sociodemographic distribution of study 
participants

Parameters Distribution of participants (%)
Age

21-30 65 (76.5)
31-40 12 (14.1)
41-50 8 (9.4)

Gender
Male 35 (41.2)
Female 50 (58.8)

Type of setup
Student (government) 7 (8.2)
Teaching faculty (government) 2 (2.4)
Clinic (government) 1 (1.2)
Student (private) 54 (63.5)
Teaching faculty (private) 10 (11.8)
Clinic (private) 11 (12.9)

State
Karnataka 26 (30.6)
Maharashtra 30 (35.3)
Bihar 3 (3.5)
Gujarat 6 (7.1)
Kerala 2 (2.4)
Madhya Pradesh 4 (4.7)
Tamil Nadu 3 (3.5)
West Bengal 5 (5.9)
Rajasthan 2 (2.4)
Uttar Pradesh 4 (4.7)
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situations where one has a mentally compromised patient, 
it was observed that 37.6% of the participants were of the 
opinion that the consent has to be signed by the nominated 
representative or relative or friend of the patient. About the 
precautions to be taken to avoid iatrogenic incidents, 57.6% of 
the participants answered that adequate time for diagnosis and 
treatment planning, formulating reminder methods for patients 
with orthodontic auxiliaries, and keeping a regular follow-up 
will help minimize iatrogenic incidents. Methods which were 
individually practiced to prevent damage to intraoral soft 
tissues included almost half (54.2%) of the participants cutting 
short the distal ends of orthodontic wires, use of bumper sleeves 
on wires that are long spanning, and giving the patients wax 
so that mucosal irritation can be avoided [Table 4].

Majority of the study participants (68.2%) had an average 
knowledge regarding iatrogenics in orthodontic treatment, 
its challenges, and management strategies while very few of 
them (10.7%) showed good knowledge [Figure 1].

dIscussIon

In the present study, it was observed that majority of the 
participants only had average knowledge regarding iatrogenics 
in orthodontics and only half of the participants had received 
any training regarding this subject. Hence, it is extremely 
essential to implement various strategies to increase the 
cognitive as well as skill-based knowledge and awareness of 
orthodontic fraternity in this field.

A research was conducted by Barreto and Feitosa on 100 
subjects for a 6-month long time period by evaluating pre- 
and post-treatment records and dividing the patients into 
various groups. It was found that more than 50% of the cases 
were affected by iatrogenics or relapse which illustrates the 
increased frequency of such incidents.[4] Thus, decreasing them 

should be a priority. The study also reported patients with some 
degrees of iatrogenics who were originally treated by dentists 
trained according to all required standards. Majority of the 
participants in this study agreed that iatrogenic incidents occur 
even when the orthodontist is well trained.[4]

According to Greco, the large number of orthodontics training 
courses resulted in dentists whose attitudes were not consistent 
with health promotion and this seriously affected the patient’s 
treatment and outcomes.[5]

As expressed by Barreto and Feitosa, orthodontic records of 
patients with iatrogenic problems should be impeccable.[4] 
Nearly all participants (95.3%) in the current study agreed 
that it was important to keep previous and current records 
of patients who had iatrogenic problems. The study also 
concluded that personalized informed consent should be the 
principal instrument to be adopted while treating orthodontic 
patients with iatrogenic problems to ensure that treatments are 
clear and transparent.[4] In the present study, multiple responses 
were obtained when the participants were asked about consent 
forms and who should sign it indicating confusion regarding 
the legal aspects and precautions to be followed while treating 
iatrogenic cases was not clear.

Table 2: Distribution of participants in awareness domain

Questions Distribution of participants (%)
What does “Iatrogenics in orthodontics” mean?

Something unintentionally induced by orthodontic treatment 57 (67.1)
Something intentionally induced by orthodontic treatment 28 (32.9)

What contributes to orthodontic iatrogenics?
Inadequate choice of orthodontic procedures/lack of instruments and equipment’s 5 (5.9)
Incorrect diagnosis 2 (2.4)
Inadequate treatment modality 4 (4.7)
Inappropriate follow up 13 (15.3)
All of the above 61 (71.8)

Can iatrogenic incidents occur even when the orthodontist is well trained?
Yes 74 (87.1)
No 11 (12.9)

It is important to create awareness about this topic?
Yes 75 (88.2)
No 10 (11.8)

Are you trained for dealing with iatrogenic incidents in orthodontics?
Yes 44 (51.8)
No 41 (48.2)

21.10%

68.20%

10.70%

0.00%
10.00%
20.00%
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40.00%
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Figure 1: Distribution of participants according to overall knowledge score
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Table 3: Distribution of participants in challenges domain

Questions Distribution of 
participants (%)

What are the problems caused due to orthodontic iatrogenic incidents?
Posttreatment root resorption 23 (27.1)
Occlusal plane changes/wear of tooth surfaces 4 (4.7)
Periodontal problems/caries susceptibility 5 (5.9)
TMJ problems 9 (10.6)
Multiple causes 44 (51.7)

Patients have a higher incidence of white spot lesions 5 years after completing orthodontic treatment, than untreated patients
Yes 54 (63.5)
No 31 (36.5)

Are you aware of the recently developed slow- release intraoral fluoride release devices?
Yes 44 (51.8)
No 41 (48.2)

What duration are they capable of releasing small amounts of fluoride?
Not applicable 38 (44.7)
6 months 25 (29.4)
10 months 2 (2.4)
12 months 10 (11.8)
2 years 10 (11.8)

Do you know about debonding forces?
Yes 53 (62.4)
No 32 (37.6)

What is the ideal instrument for debonding?
Not applicable 27 (31.8)
LODI 22 (25.9)
SC 6 (7.1)
HR 1 (1.2)
BRP 29 (34.1)

Debonding forces should be lower than ______
Not applicable 8 (9.4)
13 MPa 32 (37.6)
25 MPa 8 (9.4)
9.7 MPa 22 (25.9)
2 MPa 15 (17.6)

True for bracket slot placement
Perpendicular to the long axis of the tooth 24 (28.2)
Parallel to the long axis of the tooth 31 (36.5)
Perpendicular to the incisal edge/occlusal surface of the tooth 11 (12.9)
Parallel to the incisal edge/occlusal surface of the tooth 5 (5.9)
Multiple responses 14 (7.1)

Which among these iatrogenic/s have you encountered the most in your clinical practice?
Root resorption 4 (4.7)
Periodontitis 15 (17.6)
Midline discrepancy 2 (2.4)
Occlusal plane changes 10 (11.8)
Mucosal irritation from brackets and distal end of wire 11 (12.9)
Swallowing of orthodontic auxiliaries 1 (1.2)
Multiple causes 42 (49.4)

TMJ: Temporomandibular joint, LODI: Lift off debonding instrument, SC: Straight cutter plier, HR: How plier, BRP: Bracket removal plier

Sanders in his study had found that patients did not pose 
any significant periodontal risk when orthodontic treatment 
was done using optimum forces, if the patients had excellent 
oral hygiene and no preexisting periodontal disorders.[6] In 
agreement to this, only 5.9% of the participants in this study 

had answered that periodontal problems were caused due to 
orthodontic iatrogenic incidents, while very few (17.6%) had 
encountered periodontitis as iatrogenics during orthodontic 
treatment in their clinical practice. Orthodontic iatrogenics 
cannot be attributed to one single cause.
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Table 4: Distribution of participants in management domain
Questions Distribution of 

participants (%)
Is it important to keep previous and current records of patients who had iatrogenic problems?

Yes 81 (95.3)
No 4 (4.7)

Who in your opinion can discontinue/debond the existing orthodontic auxiliary?
Patient himself/herself 7 (8.2)
Next attending orthodontist with a prior consent from the patient 17 (20.0)
Orthodontist who was treating the patient previously 28 (32.9)
None of the above 3 (3.5)
Multiple answers 30 (35.3)

Who should ideally sign consent?
Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s parent if the patient is under 18 years of age 10 (11.8)
Patient’s guardian always 4 (4.7)
Patient’s family physician 2 (2.4)
All of the above are correct 10 (11.8)
Multiple answers 61 (58.8)

In a clinical setup you have a mentally compromised/challenged patient, whom would you preferably give authority to 
sign consent?

Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s relatives/friends/nominated representative 32 (37.6)
Patient’s parent if the patient is under 18 years of age 15 (17.6)
All of the above are correct 30 (35.3)
Multiple responses 1 (1.2)

What can be done to avoid iatrogenic instances?
Adequate time for diagnosis and treatment planning 6 (7.1)
Formulate reminder methods for patients with orthodontic auxiliaries 12 (14.1)
Keep a regular follow up 18 (21.2)
All of the above 49 (57.6)

In patient with fixed appliance patients’ lozenges containing xylitol significantly reduce dental plaque acidity?
Yes 52 (61.2)
No 33 (38.8)

The severity of a black triangle formed due to the coronal and gingival relation is decreased by paralleling divergent roots
Yes 62 (72.9)
No 23 (27.1)

If any root resorption is found what is the remedy advocated?
An inactive phase of 4-6 months before resumption of orthodontic treatment 57 (67.1) 
An inactive phase of 12-15 months before resumption of orthodontic treatment 16 (18.8)
An active phase of 4-6 months after resumption of orthodontic treatment 12 (14.1)

Do you think that after orthodontic treatment root resorption rarely results in significant morbidity and that when active 
forces are ceased the resorptive process also ceases?

Yes 65 (76.5)
No 20 (23.5)

Have you performed enamel stripping/inter proximal reduction in your practice?
Yes 63 (74.1)
No 22 (25.9)

If yes, what according to you should be the recommended method of enamel stripping
Not answered 21 (24.7)
Using abrasive strips 27 (31.8)
Using diamond bur 3 (3.5)
Using diamond bur followed by polishing 11 (12.9)
Using abrasive strips followed by polishing 23 (27.1)

What among these are the methods practiced by you to prevent damage to intra oral tissues?
Cutting short the distal ends of the wire 7 (8.2)
Use of bumper sleeves on wires which are long spanning 3 (3.5)
Giving patients wax to avoid mucosal irritation caused due to brackets/wires 29 (34.1)
Multiple answers 46 (54.2)
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Gencay et al. presented a case report of the inadvertent use 
of coiled spring which caused resorption of labial alveolar 
bone plate and stripping of gingival tissue,[7] but majority of 
the participants in this study agreed that root resorption after 
orthodontic therapy rarely results in significant morbidity and 
that cessation of active forces also ceases root resorption.

Meeran in their article recognized that orthodontic patients 
were at a higher risk of decalcification or caries. They stated 
that the incidence of accidental tooth fracture can be avoided 
by applying debonding forces lower than 13 MPa and that 
there is a minimal risk of harmful side effects on the marginal 
tissue as long as movement of teeth is within the envelope of 
the alveolar process.[8] More than half of the participants in this 
study agreed that the incidence of white spot lesions (WSLs) 
indicating decalcification was higher in patients 5 years after 
completing the orthodontic treatment, while less than half of 
the participants (37.6%) were aware about the optimum force 
which could be applied during debonding.

Majority of the participants also agreed that, in patients with 
fixed orthodontic appliances, lozenges containing xylitol can 
significantly reduce the acidity of dental plaque as stated in 
the study by Meeran.[8]

Sangamesh and Kallury also stated that orthodontic patients 
have significantly more WSLs than nonorthodontic patients. 
The authors also found sufficient evidence to suggest that 
glass ionomer cement is more effective than composite resin 
in preventing WSL.[9]

Ozcelik et al. had presented cases on iatrogenics in orthodontics 
which concluded that they were mainly caused due to improper 
placement of the orthodontic appliances.[10]

Most of the participants in this study agreed that, when the 
roots of teeth are paralleling divergent, the severity of a 
black triangle formed due to the coronal and gingival relation 
decreases. Syed et al. in their review on iarogenic damage to 
the periodontium caused by orthodontic treatment procedure 
stated that black triangle or open gingival embrasure can occur 
as a complication in about 1/3 of all adult patients undergoing 
orthodontic treatment.[11]

Various studies have shown that the use of fluoride in toothpastes 
or rinses helps reduce decalcification and WSLs during 
orthodontic treatment.[12,13] Nearly half of the participants (48.2%) 
in this study were unaware of the recently developed slow-release 
intraoral fluoride release devices which are very effective in 
remineralizing the incipient lesions and preventing WSLs after 
orthodontic treatment which shows that the knowledge regarding 
recent developments in this field was insufficient.

conclusIons

It can be thus concluded that orthodontists and orthodontic 
postgraduate students had average-to-poor knowledge about 

iatrogenics in orthodontics. Only half of them had received 
any training to handle iatrogenic situations and practiced 
any preventive measures to avoid iatrogenic incidents 
while treating orthodontic patients. Knowledge regarding 
advances in dentistry which might help in decreasing the 
incidences of iatrogenics was also average. However, results 
of the study cannot be extrapolated due to it being carried 
on a small scale. Interventional studies can be planned to 
assess any change in knowledge regarding the subject. 
Including iatrogenics as a subject in undergraduate and 
postgraduate curriculum, conducting workshops lectures 
as well as case-based presentations and educating dentists 
about developing an efficient record keeping systems can 
be done to increase the awareness and knowledge regarding 
iatrogenics.
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