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Abstract

Introduction: Body mass index (BMI), waist circumference (WC), hip circumference (HC), and waist-hip ratio
(WHR) are commonly used anthropometric indices to define obesity. This study aims to find the correlation
between anthropometric parameters and corresponding cut-off point of WC, HC, and WHR related to BMI.

Method: A cross-sectional study was conducted among undergraduate students in Punjab University College
of Pharmacy, Pakistan, from Jan to Jun 2021. The cut-off of WC, HC, and WHR with BMI (for obese >25 kg/m?
for Asia-Pacific population) was calculated using the receiver operating characteristic curve (ROC). Ethics
approval was obtained. A sample size was calculated using Cochrane’s formula. Normality of data
distribution was checked. Pearson correlation coefficient was applied for correlation between variables like
BMI, WC, HC, weight, height, and WHR at a 95% confidence interval. The ROC analyses were used for
reliability of WC, HC, and WHR with high BMI.

Result: Out of 433 participants, correlation coefficients between BMI and WC, BMI and HC, BMI and WHR,
and HC and WC were 0.583 (p<0.001), 0.518 (p<0.001), 0.156 (p<0.001), and 0.743 (p<0.001). For BMI 25
kg/m?, the optimal cut-off points for WC, HC, and WHR were 82.55 cm, 95.25 cm, and 84 cm.

Conclusion: There was a positive linear correlation of BMI with WC, HC, and WHR, and also between WC
and HC. The optimal cut-off points for WC, HC, and WHR corresponding to a BMI of 25 kg/m2 were less than
the WHO standard cut-off point.
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Introduction

Obesity is a risk factor for cardiovascular
morbidity and mortality.! Body mass index
(BMI), waist circumference (WC), and waist-hip
ratio (WHR) are commonly used indices to
define obesity.? A BMI of >25 kg/m? is
considered overweight, and 230 kg/m?is obese
according to the World Health Organization
(WHO).®> However, percentage of body fat is
thought to corroborate with relatively lower
BMI in the South Asian population, with >23
kg/m? for overweight and >25 kg/m? for
obese.** A waist circumference of more than 80
cm (31 inches) and 90 cm (35 inches) is
considered abnormal for Asian females and
males, respectively.® Likewise, a WHR of 0.9 in
men and 20.85 in women is considered to be
obese.’

The BMI is a commonly used anthropometric
parameter for obesity. However, it estimates
total body fat and therefore doesn’t reflect
central obesity. Muscular individuals could be
categorized as obese despite having normal fat
content.®

Studies have reported an independent relation
of various anthropometric parameters and
obesity, but the relation between
anthropometric parameters has not been
adequately researched. Simultaneous analyses
of all three parameters can help to better
estimate the metabolic risk factors associated
with obesity.”! This study aims to find out the
correlation between different anthropometric
measures and to assess the cut-off value for
obesity, at a BMI of >25 kg/m? in the South
Asian population.

Method

A descriptive cross-sectional study was
conducted among undergraduate pharmacy
students, from first to final year, from the
University of the Punjab, Lahore, Pakistan, for
three months from January to June 2021. The
sample size was calculated using Cochran’s
formula. Assuming a 50% prevalence, a
minimum of 385 participants was required.
Accounting for a 10% non-response rate, the
final target sample size was 422. The study

successfully enrolled 433 students. A purposive
sampling technique was used.

This research is in line with the guidelines for
strengthening the reporting of observational
studies in epidemiology (STROBE).?

All the measurements were taken without
accessories and with minimum clothing. Height
was measured using a stadiometer with a
precision of 0.1 cm while weight was measured
using a digital weighing machine with a
precision of 0.1 kg. WC was measured midway
between the lowest rib and the iliac crest, and
hip circumference (HC) at the widest part of the
hip in centimetres using an inelastic measuring
tape. The BMI was calculated by using the
standard formula, BMI=Weight/Height.2 The
WHR was calculated by dividing WC by HC.

Data were entered into Microsoft Excel 2019,
and appropriate commands were used for data
cleaning. Entered data were analysed using IBM
SPSS (Statistical Product and Service Solutions)
v.21. Normality of continuous variables was
assessed using the Shapiro—Wilk test. Variables
with normal distribution were expressed as
meantSD, while non-normally distributed
variables as median (interquartile range).

The BMI was classified according to the
classification for the Asia-Pacific population by
the Western Pacific Regional Office (WPRO) of
the WHO.® Normal weight was considered as
BMI ranging from 18.50 to 22.99 kg/m?2. The
participants with a BMI <18.50 kg/m? were
considered underweight. The cutoff values for
overweight and obesity were >23.00 to 24.99
kg/m?and >25.00 kg/m?, respectively.

Pearson correlation coefficient was applied to
test the correlation between the two variables
for continuous variables like BMI, WC, HC,
weight, height, and WHR at a 95% confidence
interval. Receiver operating characteristics (ROC)
analyses were used to find out the reliability of
WC, HC, and WHR to identify participants with
high BMI (225 kg/m?) and to determine the best
WC, HC, and WHR cut-off for identifying
patients as obese.

Ethics approval was obtained from the
Institutional Review Board, University of the
Punjab, Lahore, Pakistan (Ref No: 49/DFEMS).

Journal of Chitwan Medical College. 2025;15(55):18-25.

Www.jcmc.com.np 19



General section

Khadka et al. Waist-hip circumference and ratio

Original article

Result

Out of 433 participants, the mean age was
20.59+1.94 vyears. Majority (61.66 %) were
males, the average BMI of male and female
participants was 23.33 and 22.59, respectively.
The mean of various anthropometric variables
is summarized in Table 1.

Around one-fourth (25.09%) males had obesity,
less (9.04 %) among females. Overall, both men
and women had predominantly (49.06 % and
59.64%) normal BMI followed by overweight

(23.22% and 28.92%) and obesity grade | (22.85%

and 8.43%), Table 2.

Pearson correlation showed that BMI and WC
(r=0.638), BMI and HC (r=0.604), WC and HC
(r=0.802), WC and Weight (0.748), and HC and
weight (r=0.700) had significant correlation
among the male participants. Similarly, the BMI
and WC (r=0.567), BMI and HC (r=0.334), WC
and HC (r=0.494), WC and Weight (0.642), HC
and weight (r=0.375), and BMI and WHR
(r=0.429) had significant correlation among the
female participants. Overall, the BMI and WC
(r=0.583), BMI and HC (r=0.518), WC and HC
(r=0.743), WC and Weight (0.798), WC and
height (r=0.303), HC and weight (r=0.627), HC
and height (0.153), height and weight (0.350),
and BMI and WHR (r=0.156) had significant
correlation among all the participants, Table 3.

The ROC analysis showed that the area under
the curve (AUC) for WC when BMI 225 kg/m?2
was considered, was 0.862, 0.780, and 0.856 for
male, female, and all participants respectively.
So, the corresponding cut-off of waist
circumference was 87.63, 77.47, and 82.55 cm
for male, female, and overall participants
respectively. Similarly, the ROC analysis showed
that the AUC for HC when BMI 225 kg/m? was
considered, was 0.810, 0.653, and 0.810 for
male, female, and all participants respectively.
So, the corresponding cut-off of hip
circumference was 100.33, 95.25, and 95.25 cm
for males, females, and all participants,
respectively. Regarding WHR, the ROC analysis
showed that the AUC for WHR when BMI 225
kg/m? was considered, was 0.738 and 0.653 for
females and all participants, respectively. So,
the corresponding cut-off of WHR was 0.83 and
0.84 for females and all participants,
respectively.

The positive LR and negative LR for waist
circumference, hip circumference, and WHR
were 3.017 and 0.172, 2.514 and 0.271, and
1.313 and 0.313, respectively, for obese
participants when the cut-off of WC, HC, and
WHR would be 82.55 cm, 92.25 cm, and 0.84,
respectively. The AUC for WHR in males was
0.537 (p=0.367), which suggests WHR may not
reliably predict obesity in males, Table 4.

Table 1. Background characteristics of university students in a study relationship of waist-hip circumference

and waist-hip ratio, n=433

Female, 166(38.34%)

Variables Male, 267(61.66%)
MeantSD
Weight (Kg) 70.3147.52)
Height (m) 1.74+0.07
BMI (Kg/m?) 23.334£2.86
WC (cm) 84.2345.36
HC (cm) 96.6616.88
WHR 0.87+0.03

MeanzSD
61.9714.62

1.66+0.04
22.59+1.94
77.13+4.66
92.16%7.64

0.83+0.03

BMI: Body mass index, HC: Hip circumference, WC: Waist circumference, WHR: Waist-hip ratio

BMI (Kg/m?)

Obesity absent

200(74.91)
Underweight (<18.5) 7(2.62)

Table 2. Categorization of BMI* and obesity status as per BMI, n=433
Male, 267(61.66%)

Female, 166(38.34%)

151(90.96)
4(2.41)
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Normal (18.5-22.9) 131(49.06) 99(59.64)
Overweight (23-24.9) 62(23.22) 48(28.92)
Obesity Present 67(25.09) 15(9.04)
Obese | (25-29.0) 61(22.85) 14(8.43)
Obese Il (>30) 6(2.25) 1(0.60)

BMI: Body mass index, *The BMI classification is done as per the Western Pacific Regional Office (WPRO) for the
Asian population

Table 3. Comparison between BMI, WC, HC, weight, height, and WHR in male, female, and overall participants

Parameters Male (n=267) Female (n=166) Overall (n=433)

Corr. coeff. (r) p-value Corr. coeff. (r) p-value Corr. coeff. (r)
BMI and WC 0.638 <0.001 0.567 <0.001 0.583 <0.001
BMI and HC 0.604 <0.001 0.334 <0.001 0.518 <0.001
WC and HC 0.882 <0.001 0.494 <0.001 0.743 <0.001
WC and 0.748 <0.001 0.642 <0.001 0.798 <0.001
Weight
WC and Height -0.005 0.941 -.005 0.953 0.303 <0.001
HC and Weight 0.700 <0.001 0.375 <0.001 0.627 <0.001
HC and Height  -0.002 0.975 -0.022 0.781 0.153 0.001
Height and 0.075 0.221 0.141 0.069 0.350 <0.001
weight
BMIland WHR  -0.064 0.294 0.429 <0.001 0.156 0.001

BMI: Body mass index, Corr. coeff.: Correlation coefficient, HC: Hip circumference, WC: Waist circumference,
WHR: Waist-hip ratio

Table 4. ROC curve analysis for waist circumference when BMI 2 25 kg/m2: in both males, females, and overall
Gender AUC p-value 95% Cl Cut-off Sensitivity 1- LR+ LR- Youden’s

specificity Index (J)

Waist circumference

Male 0.862 <0.001 0.815- 87.63 0.672 0.085 7.906 0.358 0.587
0.910

Female 0.780 <0.001 0.733- 77.47 0.733 0.344 2.131 0.407
0.344

Overall 0.856 <0.001 0.811- 82.55 0.878 0.291 3.017 0.172 0.587
0.901

Hip circumference

Male 0.810 <0.001 0.755- 100.33 0.672 0.170 3.953 0.395 0.502
0.865

Female 0.653 <0.001 0.492- 95.25 0.533 0.192 2.776 0578 0.341
0.814

Overall 0.810 <0.001 0.759- 95.25 0.817 0.325 2.514 0.271 0.492
0.862

Waist-hip-ratio

Male 0.537 0.367 0.456- 0.88 0.507 0.405 1.252 0.829 0.102
0.617

Female 0.738 0.002 0.624- 0.83 0.933 0.536 1.741 0.144 0.397
0.853

Overall 0.653 <0.001 0.592- 0.84 0.902 0.687 1.313 0.313 0.215
0.713

AUC: Area under the curve, BMI: Body mass index, Cl: Confidence interval, LR: Likelihood ratio, ROC: Receiver
operating characteristic

Discussion (r=0.583—-0.638, p<0.001), particularly among

males, suggesting that these anthropometric
The present study demonstrated a strong indices are reliable proxies for adiposity. A
positive correlation of WC and HC with BMI similar study done among individuals with
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metabolic syndrome demonstrated a positive
correlation between the two, and the
correlation is even stronger (females: r=0.8,
males: r=0.78).1* A systematic review of the
correlation of anthropometric parameters
showed that the highest concordance rate was
between BMI and WC, and they could somehow
be used interchangeably.’®

In contrast, WHR exhibited a weak correlation
with BMI overall (r=0.156, p=0.001), but a
moderate and significant correlation in females
(r=0.429, p<0.001), aligning with prior studies
highlighting sex-based differences in WHR
utility.’ A similar study done among
undergraduate students in Pakistan also
showed that there was no relation between
BMI with waist-hip ratio among overall
participants (r=0.124, p>0.05) while there was a
positive relation between BMI and waist-hip
ratio among females. (r=0.623, p<0.05).'” The

reason for this sex-wise variation is not yet clear.

The strong correlation between WC and HC
(r=0.743-0.882, p< 0.001) suggests a shared
reflection of fat distribution patterns, and
further supports their combined use in obesity
risk estimation. In ROC analysis, the optimal WC
cut-off (82.55cm) for predicting BMI 225 kg/m?
was lower than the WHO-recommended
threshold (90 cm for males, 80 cm for females),
indicating that lower thresholds may be
appropriate for South Asian populations, who
are known to have higher body fat percentage
at lower BMI levels.®

The derived HC cut-off (95.25cm) is novel, and
it showed a better discriminative ability
(AUC=0.810) in males than in females
(AUC=0.653), suggesting that hip circumference
may be a more useful marker in males within
this population. Similarly, the WHR cut-off (0.84
overall) was below the WHO standard (0.90 for
males, 0.85 for females). However, the low AUC
in males (0.738) questions the utility of WHR as
a reliable screening tool for obesity in this
subgroup, a finding consistent with previous
reports highlighting the limited sensitivity of
WHR in men.*

The mean age of participants in this study is
20.59+1.94 years with a range of 18-25 years.
Thus, in contrast to other anthropometric
studies that consider a larger range of
population, our study population contains
mainly younger individuals and is reflective of
the metabolic profile of the younger
population.?*?! The mean BMI among Pakistani
students in our study was slightly higher in both
gender groups as compared to a similar study
done among Nepalese medical students.?? The
prevalence of obesity was found to be greater
in males as compared to females. The sex
predominance in obesity is controversial, with
regional differences. Data from the WHO global
health observatory 2016 showed that the
percentage of overweight and obese individuals
was greater among males in Europe, America,
and the Western Pacific region, while it was
greater among females in Africa, South East Asia,
and the Western Mediterranean region.?

With reference to a BMI of 25kg/m? the
optimal cut-off points for waist circumference
for males and females in our study are 87.63
and 77.47, respectively. These values are
slightly lower than the cut-off points for waist
circumference of 90 cm and 80 cm for the South
Asian population set by WHO.?* In a study, the
ROC curve derived optimal cut-off points in
diabetes for BMI is 25.51 (25.59 in males and
25.49 in females), and that of waist
circumference is 86 cm (87 cm in males and 84
cm in females).? The sensitivity and specificity
of the waist circumference cut-off point are
comparable for both sexes in that study.
However, in our study, the sensitivity is
comparable, while the specificity is high for
males but low for females. The optimal cut-off
point of WHR in our study is slightly lower for
both sexes in comparison to the corresponding
WHO cut-off point. The cut-off points were the
same (0.89) for both males and females in the
study by Zhang et.al. However, our study
showed that the cut-off point was higher in
males than in females. A large-scale study was
done in China to define the optimal cut-off point
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for BMI and WC in a population with diabetes,
hypertension, dyslipidemia, and metabolic
syndromes, which showed that the cut-off
values were almost similar, with a slightly higher
cut-off point of BMI for hypertension and a
higher cut-off point of WC, and among diabetics
as compared to other cohorts ¢

This study found that among young South Asian
individuals, there is a significant relationship
between BMI and anthropometric parameters
such as WC, HC, and WHR, with WC and HC
showing the strongest correlations. The derived
cut-off values (WC: 82.55 cm, HC: 95.25 cm,
WHR: 0.84) were lower than WHO-defined
standards, indicating that population-specific
thresholds may be more suitable for early
obesity screening. These findings highlight the
need for localized obesity screening criteria and
suggest further research in broader age ranges
and clinical populations.

There was a positive and significant correlation
between all the anthropometric parameters in
our study among overall participants. This
implies that even if the parameters are not
exact equivalents of each other, the rise in one
can be interpreted as the rise in the other too,
and hence any of them can be used depending
on the convenience and feasibility.

This study found that among young South Asian
individuals, there is a significant relationship
between BMI and anthropometric parameters
such as waist circumference (WC), hip
circumference (HC), and waist-hip ratio (WHR),
with  WC and HC showing the strongest
correlations. The derived cut-off values (WC:
82.55 cm, HC: 95.25 cm, WHR: 0.84) were lower
than WHO-defined standards, indicating that
population-specific thresholds may be more
suitable for early obesity screening. These
findings highlight the need for localized obesity
screening criteria and suggest further research
in broader age ranges and clinical populations.

Our results also showed that WHR was less
effective in males but performed relatively well
in females, indicating a potential sex-
dependent variation in its diagnostic utility.

The BMI showed a strong positive correlation
with both waist and hip circumferences.
Additionally, waist and hip circumferences
were positively correlated among both male
and female participants. WHR also correlated
with BMI, especially in females, indicating sex-
specific differences in its predictive value.

Conclusion

This study identified significant correlations
between body mass index and anthropometric
measures, including  waist and hip
circumference and waist-hip ratio, in young
South Asian university students. Waist
circumference showed the strongest
association with BMI. The derived cut-off values
(waist: 82.55 cm, hip: 95.25 cm, WHR: 0.84)
were lower than WHO standards, emphasizing
the need for population-specific thresholds.
Waist-hip ratio performed better in females
than in males, reflecting sex-based differences.
These findings suggest that relying solely on
BMI may be insufficient for obesity screening,
and ethnicity- and sex-specific measures should
be considered.
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