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Background: In rural India, there is an increasing prevalence of non-communicable
diseases, especially high blood pressure (BP) and obesity. The family adoption
programme, launched by National Medical Commission, allows medical students
to connect with underserved communities while collecting important health data.
Aims and Objectives: To evaluate the anthropometric measurements and the
occurrence of hypertension in a rural population in Gujarat, as well as to compare
how effectively body mass index (BMI) and waist-to-hip ratio (WHR) predict
cardiovascular risk. Materials and Methods: During household visits by 1s-year
MBBS students from November 2024 to February 2025, a cross-sectional study
was carried out in the rural regions of Ahmedabad District, Gujarat. Information
was gathered from 1255 individuals using structured instruments that included
demographics, BMI, WHR, and BP. Results: The mean age of participants was
42.3 years. 56.6% had central obesity as determined by WHR, and 50.4%
were classified as hypertensive with BP readings of 130/80 mmHg or higher.
The prevalence of obesity increased with age and was more common in males.
WHR demonstrated a stronger association with both systolic (r=0.35) and
diastolic BP (DBP) (r=0.28) compared to BMI. In predicting hypertension, WHR
exhibited greater sensitivity (70.0%) but lower specificity (53.3%) than BMI,
which had a sensitivity of 58.3% and specificity of 75.0%. Regression analyses
further supported WHR as a more robust predictor of both systolic and DBP.
Conclusion: This rural population exhibited high levels of central obesity and
hypertension. WHR proved to be a more effective screening tool for cardiovascular
risk than BMI.
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Universal health coverage emphasizes the need for
strong primary healthcare, especially in underserved rural
areas.! Medical education is crucial for equipping doctors
to meet healthcare demands, and community-based
medical education has become essential.” Recognizing
the importance of eatly exposure to community health,

the National Medical Commission (NMC) in India has
incorporated the family adoption program (FAP) into
the competency-based undergraduate medical education
curriculum. FAP provides medical students exposure to
community health dynamics while addressing healthcare
needs in underserved regions.’ This program aims to guide
students towards primary healthcare and serve as a link
between the population and healthcare services.
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Initiated with the MBBS batch of 2021-2022, the FAP
is inspired by previous models of community-oriented
medical education.?* Qualitative research has examined
FAP’s strengths, weaknesses, and challenges, highlighting its
potential to enhance students’ understanding of community
medicine.” Students report that FAP visits improve their
communication skills and ability to assist with community
health issues.” FAP serves as primary healthcare training
and data source for improving health outcomes. Initially,
students conduct household visits to gather baseline data
on their adopted families” health profiles.

As FAP’s framework and objectives become defined, it is
crucial to record initial health conditions of communities
involved, particularly as evaluated by medical students
starting their education.® Understanding baseline health
metrics of these families can provide insight into community
health needs and student educational experiences.

Aims and objectives

This research, carried out under the FAP umbrella, evaluated
anthropometric data and hypertension prevalence in a rural
Gujarati population. The goals included investigating
relationships between demographic factors (age and
gender), anthropometric measures like body mass index
(BMI) and waist-to-hip ratio (WHR), and cardiovascular
risk (hypertension), while comparing BMI versus WHR
effectiveness in predicting obesity and hypertension risk
in this community context.

MATERIALS AND METHODS

Study design and setting

This research utilized an observational, cross-sectional
approach to evaluate anthropometric measurements and
cardiovascular risk factors among a rural community in
Gujarat, India. Data were gathered during FAP household
visits carried out by 1¥-year MBBS students from affiliated
institute of the authors between November 2024 and
February 2025, in rural areas associated with PHC
Kasindra, Daskroi Taluka, Ahmedabad District, central
Gujarat region.

Study population and sampling

The study focused on individuals in households that
were part of the FAP initiative. Participants were
selected based on availability and willingness during
students’ planned adoption of families. Due to the FAP’s
nature, convenience sampling was used, including those
encountered during program activities. Each student of
200-batch strength was allotted 3 families, totaling 600
families. Children below 15 years were excluded from
analysis due to study objectives involving anthropometric
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measures and hypertension risk. The analysis included
data from 1255 participants, though sample size varied
for certain variables due to missing data. No formal pre-
study sample size calculation was done, as the sample
represents the total cohort reached through FAP data
collection by students.

Data collection procedures and variables

Astructured data collection tool, adapted from standardized
forms or FAP protocols, was used. Students were trained
in measurement techniques beforehand. The data collected
encompassed:

Demographic information
This included age (in years), gender, monthly family income
(@in INR), and family size.

Anthropometric measurements

Standard techniques were employed to measure weight
(in kg), height (in cm), waist circumference (in cm), and
hip circumference (in cm). The BMI was determined by
dividing weight (kg) by height (m) squared. The WHR was
calculated by dividing waist circumference (cm) by hip
circumference (cm).

Clinical measurements

Blood pressure (BP) was recorded using standardized digital
devices, capturing both systolic BP (SBP) and diastolic BP
(DBP) in mmHg;

Variable definitions and classifications
In the Indian context, standard definitions and classifications
were applied:

BMI was categorized using both the traditional World
Health Organization cutoffs and criteria specific to Asians
(e.g,, normal is <23 kg/m?, Overweight ranges from 23.0
to 24.9 kg/m? and Obesity is 25 kg/m? or higher; these
categories have been updated to consider complications
related to adiposity).”™

Central obesity was determined by waist circumference
(90 cm or more for males, 80 cm or more for females) and
WHR (0.90 ot mote for males, 0.85 or more for females).™®

BP was classified based on the 2017 guidelines from
the American Heart Association (AHA)/American
College of Cardiology: Normal is <120/80 mmHg,
elevated is 120-129/<80 mmHg, Stage 1 hypertension
is 130-139/80-89 mmHg, and Stage 2 hypertension is
140/90 mmHg or higher. For the purpose of analyzing
hypertension risk, a threshold of 130/80 mmHg or higher
was ptrimarily utilized.’
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Ethical considerations

Informed consent was obtained from adult participants
and guardians of minors, ensuring confidentiality and
voluntary participation. Participants were briefed on the
FAP framework purpose. As FAP is mandated by NMC
for annual data collection and publication, and no invasive
procedures were involved, ethical clearance was not essential
but was procured. Data was collected as activity records.

Statistical analysis

Data were analyzed using R v.4.5.0."” Descriptive statistics
(mean, Standard deviation [SD], median, interquartile
range [IQR], frequencies, percentages) summarized
participant characteristics and variables. Statistical analyses
included: Chi-square tests to examine relationships
between categorical variables like obesity prevalence across
age groups and genders; Pearson correlation to assess
relationships between continuous variables (BMI, WHR,
SBP, DBP); Kappa statistic to evaluate agreement between
obesity classifications; receiver operating characteristic
(ROC) curve analysis with area under the curve (AUC),
sensitivity, and specificity to compare BMI and WHR
for hypertension prediction. Binary logistic regression
identified hypertension predictors (=130/80 mmHg),
calculating odds ratio (OR) and 95% confidence interval.
Multiple linear regression explored associations of age,
gender, BMI, and WHR with SBP and DBP levels,
reporting regression coefficients (). Statistical significance
was P<0.05, using pairwise complete observations for
missing data.

RESULTS

The data collected is displayed in nine tables, covering
demographics, anthropometric measurements, BP readings,
obesity correlations, and the prevalence of comorbidities.

Table 1 shows demographic and clinical features of
participants (n=1255). Mean age was 42.3 years (SD=17.5,
n=1250), with equal gender distribution. Median monthly
family income was 15,000 INR (IQR 7,000-35,000;
n=1200), with average family size of five members
(SD=2, n=1240). Participants had average weight of
60.2 kg (SD=13.4), height of 160.5 cm (SD=9.8), and
BMI of 23.3 kg/m* (SD=4.2; all n=1230). Mean waist
circumference was 85.5 cm (SD=11.8), hip circumference
95.0 cm (SD=10.5), and WHR 0.90 (SD=0.06; all
n=1220). BP averaged 125.6 mmHg systolic (SD=16.2)
and 81.4 mmHg diastolic (SD=9.8; both n=1210). Sample
sizes varied due to missing data (Table 1).

Mean BMI varied from 22.8 kg/m* (SD=3.9) in younger
participants (15-45 years; n=740) to 24.0 kg/m?* (SD=4.5)
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Variable N Value (Proportions,
MeanzSD & Range)
Age (years) 1250 42.3+x17.5
Gender 1255 -
Male 1255 n=625 (49.8%)
Female 1255 n=630 (50.2%)
Monthly income (INR) 1200 15000 (7000-35000)
Family size 1240 5+2
Weight (kg) 1230 60.2+13.4
Height (cm) 1230 160.5+£9.8
BMI (kg/m?) 1230 23.3+4.2
Waist circumference (cm) 1220 85.5+11.8
Hip circumference (cm) 1220 95.0£10.5
WHR 1220 0.90+0.06
SBP (mmHg) 1210 125.6+16.2
DBP (mmHg) 1210 81.4+9.8

“n” varies due to missing values. SD: Standard deviation, BMI: Body mass index,
WHR: Waist-to-Hip Ratio, BP: Blood pressure, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure

in middle-aged adults (46—60 years; n=340), and 23.5 kg/m”
(SD=4.0; n=150) in older adults (>60 years). SBP increased
from 120.5 mmHg (SD=14.0) to 135.0 mmHg (SD=18.0),
while DBP rose from 78.2 mmHg (SD=8.5) to 85.0 mmHg
(SD=10.0) with age, indicating increased cardiovascular
risk (Table 2).

Table 3 categorizes participants by BMI criteria, central
obesity indicators, and BP categories, with sample sizes
varying slightly (BMI: n=1230, central obesity: n=1220, BP:
n=1210). Over 60% of participants have BMI 223 kg/m?,
with one-third having related health issues. More than half
show central obesity, with higher prevalence by WHR.
About half (50.4%) have hypertension, while one-third
maintain normal BP. These data indicate significant obesity
and BP concerns in this population (Table 3).

Obesity (BMI 225 kg/m?) showed significant associations
with age and gender (Figure 1). Obesity prevalence
increased from 35.0% in younger adults (15—45 years,
n=259/740) to 45.0% in middle-aged (46-60 years,
n=153/340), and 55.3% in those over 60 (n=83/150)
(X*=26.0, df=2, P<0.001). Males showed higher obesity
rates (48.4%, n=300/620) compared to females (32.8%,
n=200/610) (x*=4.5, df=1, P=0.03).

A comparison of BMI and WHR classifications among 1,220
participants showed moderate agreement (Kappa=0.35),
with both measures identifying 520 individuals as “Normal”
and 320 as “Obese.” There was significant discordance: 200
participants were labeled “Obese” by BMI but “Normal”
by WHR, while 180 had opposite classification. The
agreement between measures was 68.9%. Both showed
equal sensitivity (61.5%) and specificity (74.3%). WHR
demonstrated higher area under ROC curve (AUC=0.75)
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Variable 15-45 years (n=750)

46-60 years (n=350) >60 years (n=155)

Mean BMI (kg/m?) (n=1230)
Mean SBP (n=1210)
Mean DBP (n=1210)

22.843.9 (n=740)
120.5414.0 (n=730)
78.248.5 (n=730)

24.0%4.5 (n=340)
128.2+15.5 (n=335)
82.5+9.0 (n=335)

23.544.0 (n=150)
135.0+18.0 (n=145)
85.0£10.0 (n=145)

Total respondents with valid age sum to 1255. Within each group,: "N” for BMI and BP is slightly lower due to missing values. BMI: Body mass index, BP: Blood pressure, SBP:

Systolic blood pressure, DBP: Diastolic blood pressure

Variable n Percentage
Obesity classification as per updated BMI category (n=1230)
Normal (<23 kg/m?) 480 39.00
Stage 1 obesity (223 kg/m? (increased 370 30.10
adiposity without apparent complications))
Stage 2 obesity (223 kg/m? [increased 380 30.90

adiposity with associated health issues])
Obesity classification as per traditional BMI category (n=1230)

Normal (18.5-22.9 kg/m?) 450 36.60
Overweight (23.0-24.9 kg/m?) 280 22.80
Obesity Class | (25.0-29.9 kg/m?) 330 26.80
Obesity Class Il (230.0 kg/m?) 170 13.80

Obesity classification as per central obesity measure (n=1220)

Waist circumference (cm) (290 cm [men], 650 53.30
280 cm [women])

WHR (20.90 [men], 20.85 [women]) 690 56.60

Blood pressure category (n=1210)

Normal (<120/80 mmHg) 400 33.10
Elevated (120-129/<80 mmHg) 200 16.50
Stage 1 HTN (130-139/80-89 mmHg) 320 26.40
Stage 2 HTN (TNge00d mmHg) 290 24.00

HTN: Hypertension, BMI: Body mass index, WHR: Waist-to-hip ratio, BP: Blood
pressure

compared to BMI (AUC=0.72), indicating better predictive
ability for obesity-related cardiovascular risk. This was
supported by WHR’s greater sensitivity in detecting
hypertensive individuals. These findings suggest WHR
might be more effective for screening in rural health
settings (Figure 2).

Table 4 presents Pearson correlations between BMI, WHR,
and BP using pairwise observations (n=1200—1220). BMI
and WHR correlated moderately (r=0.45, n=1220, P<0.01).
BMI cottelated with SBP (1=0.30, n=1200, P<0.01) and
DBP (x=0.25, n=1200, P<0.01). WHR showed stronger
correlations with SBP (r=0.35, N=1200, P<0.01) and DBP
(r=0.28, n=1200, P<0.01), supporting the link between
obesity indicators and BP.

WHR (thresholds: 20.90 men, =20.85 women) and BMI
(=25 kg/m?) wetre compared in predicting hypertension (BP
2130/80 mmHg) among 1200 participants. WHR showed
higher sensitivity (70.0% vs. 58.3%) but lower specificity
(53.3% vs. 75.0%) than BMI (Table 5).

Regression analyses (n=1180) showed age, BMI, and WHR
significantly correlated with hypertension (P<0.01) and
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Figure 1: Association of obesity with age and gender. Age group:
%?=26.6, df=2, P<0.00, Gender: ¥?=4.5, df=1, P=0.03
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Figure 2: Receiver operating characteristic curve for waist-to-hip ratio
and body mass index predicting hypertension

blood pressure levels (P<0.01). WHR strongly predicted
hypertension (OR=2.15) and blood pressure (Systolic
=10.5, Diastolic $=5.0). Male gender linked only to
higher SBP (P=0.03), not DBP (P=0.07) or hypertension
(P=0.22) (Table 06).

Results highlight relationships between anthropometric
measures, demographics, and cardiovascular health
indicators like hypertension and BP in the study group.

DISCUSSION

This research reveals key anthropometric and BP findings
from rural Gujarat through FAP. The average BMI was
23.3 kg/m?, with over 60% classified as overweight/
obese by Asian standards. Central obesity was prevalent
in over half the population based on WHR and waist
circumference. Hypertension prevalence was 50.4% using
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Pair n r P-value
BMI versus WHR 1220 0.45 <0.01
BMI versus SBP 1200 0.3 <0.01
WHR versus SBP 1200 0.35 <0.01
BMI versus DBP 1200 0.25 <0.01
WHR versus DBP 1200 0.28 <0.01

W
n

is pairwise complete observations (e.g., 1200 where both BMI and SBP are
non-missing). BMI: Body mass index, WHR: Waist-to-hip ratio, BP: Blood pressure,
SBP: Systolic blood pressure, DBP: Diastolic blood pressure

Metric WHR BMI
Condition Hypertension Hypertension
(BP=130/80) (BP=130/80)
Total sample size (N) 1200 1200
Positive cases 700 (WHR =0.90 500 (BMI =25)
M, 20.85 F)
True positives (TP) 420 350
False positives (FP) 280 150
True negatives (TN) 320 450
False negatives (FN) 180 250
Sensitivity (%) 70.00 58.30
Specificity (%) 53.30 75.00

“n=1200" where both predictor (WHR/BMI) and outcome (BP) are valid. BMI: Body
mass index, WHR: Waist-to-hip ratio

Logistic regression analysis for hypertension

Variable n OR/B 95% CI P-value
Age (years) 1180 1.03 1.02-1.04 <0.01
Gender (male) 1180 1.18 0.91-1.54 0.22
BMI (kg/m?) 1180 1.1 1.07-1.13 <0.01
WHR 1180 2.15 1.85-2.50 <0.01
Linear regression analysis for SBP
Age (years) 1180 0.35 0.30-0.40 <0.01
Gender (male) 1180 2.5 0.20-4.80 0.03
BMI (kg/m?) 1180 0.8 0.65-0.95 <0.01
WHR 1180 10.5 8.0-13.0 <0.01
Linear regression analysis for DBP
Age (years) 1180 0.15 0.10-0.20 <0.01
Gender (male) 1180 1.2 -0.10-2.50 0.07
BMI (kg/m?) 1180 0.4 0.30-0.50 <0.01
WHR 1180 5 3.5-6.5 <0.01

OR: Odds ratio, Cl: Confidence interval, BMI: Body mass index, WHR: Waist-to-hip
ratio, BP: Blood pressure, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure

AHA criterion (=130/80 mmHg), higher than traditional
estimates due to stricter thresholds. WHR demonstrated
better hypertension prediction capability than BMI for
rural screenings.

The FAP by the NMC serves as a model for community
health engagement.’ By integrating medical students
into rural households, this initiative enhances medical
education’s social responsibility while collecting health
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data difficult to gather through facility-based methods.
The program enables direct collection of health data in
real settings, providing insights into community health
patterns and contributing to public health monitoring in
underserved areas.

Research shows BMI and WHR inconsistently identify
obesity. Of 1220 participants, 320 were obese by both
measures, with 380 discrepancies, showing drawbacks
of one metric. WHR had a higher AUC (0.75) than BMI
(0.72), with better sensitivity (70.0% vs. 58.3%) but lower
specificity (53.3% vs. 75.0%) for hypertension prediction.
This supports literature suggesting central adiposity is a
better cardiovascular risk indicator than overall adiposity.'
BMI is easy to calculate but ignores fat distribution, an issue
for South Asians prone to visceral obesity."

Gender differences were significant, with higher obesity
rates in males (48.4%) versus females (32.8%) ()x*=4.5,
P=0.03), and male gender independently increased SBP
(B=2.5, P=0.03). While not linked to overall hypertension
odds (P=0.22), these results suggest higher cardiovascular
risk in rural men. This aligns with studies showing varied
gender patterns in rural Indian hypertension.'>'®

Age correlated strongly with anthropometric and
hemodynamic measures. BMI and BP increased across
age groups: SBP rose from 120.5 mmHg (1545 years)
to 135.0 mmHg (>060 years), while DBP increased from
78.2 mmHg to 85.0 mmHg. Obesity prevalence increased
from 35.0% in younger to 55.3% in older adults (}>=26.0,
P<0.001), reflecting national statistics on age-related
hypertension and obesity."*'>" Simple anthropometric
assessments can help identify at-risk older adults for
targeted interventions.

Body measurements correlate with BP, confirming
their value in hypertension risk assessment. WHR
showed stronger correlations with systolic (r=0.35) and
diastolic pressure (r=0.28) than BMI (r=0.30, r=0.25).
Regression analysis revealed WHR had the highest
hypertension odds ratio (OR=2.15, P<0.01), highlighting
its effectiveness as a screening method in resource-limited
healthcare settings.

Public health implications

The high rates of obesity and hypertension in this rural
Gujarati population demonstrate the need for community
strategies to prevent non-communicable diseases (NCD),
aligning with government initiatives.” Using WHR or BMI
measurements could effectively identify cardiovascular risk
factors in rural health programs. Health education and
FAP-based monitoring can enhance local involvement in
preventive cate within India’s health system.****!
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Limitations of the study

Data collection by 1%-year MBBS students may have
introduced measurement variability, affecting consistency.
The cross-sectional design limits causal inference.
Convenience sampling within FAP may limit generalizability
to rural populations. Minor missing data across variables
affected sample sizes. The study focused on physiological
variables like BMI, WHR, and BP over sociodemographic
analysis. Despite limitations, the study contributes to
understanding cardiovascular health in rural settings.

CONCLUSION

This study from central rural Gujarat, using the FAP
approach, reveals significant obesity and hypertension
rates, with WHR as a valuable cardiovascular risk predictor.
The methodology highlights FAP’s role in data collection
and student training. The findings support including
anthropometric screening in rural health strategies and
recommend research on cost-effective monitoring of NCD.
Future studies could provide insights into cardiovascular
risk epidemiology in underserved communities.

Recommendations

Given the impact of hypertension and central obesity
in this rural community, future FAP versions should
include training modules on NCD risk assessment for
medical students. Local health systems should incorporate
WHR-based screening into outreach efforts for early
cardiovascular risk identification. Partnerships between
academic institutions and primary care services will be vital
for student-led data into public health strategies.
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