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INTRODUCTION

Overweight and obesity have surged in prevalence recently,1 
correlating with multisystem morbidities such as metabolic 
syndrome, diabetes mellitus, hypertension, and increased 
mortality.2 In India, the prevalence of  obesity ranges from 
11.8% to 31.3%, and central obesity from 16.9% to 36.3%.3 
Contributing factors include lifestyle changes, dietary 
habits, lack of  awareness.3 This issue is particularly pressing 

in developing countries where healthcare systems are 
financially strained,3 exacerbating cardiovascular morbidity 
and mortality.4

Body mass index (BMI) has been the traditional measure 
of  obesity, predicting adverse cardiovascular outcomes.4 
Waist circumference (WC) is another simple tool to 
assess abdominal obesity, linked to increased morbidity.4,5 
Abdominal obesity is known to elevate hypertensive 
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risk regardless of  physical activity.6 Abdominal obesity 
indicators are being evaluated for their association with 
cardiovascular outcomes, including waist-to-height ratio 
(WHtR), waist-hip ratio (WHR), lean body mass (LBM), 
LBM-to-weight ratio (LBMW), and A body shape index 
(ABSI).7-11 Accurate estimation of  obesity and central 
obesity is crucial, as weight loss improves cardiovascular 
outcomes.12,13 New anthropometric indices are proposed 
as better predictors of  central obesity and cardiovascular 
outcomes.4-7,9,11,14-18

Hypertension, affecting nearly 25% of  adults over 18 in 
India, is often poorly controlled.19 Co-morbidities include 
metabolic syndrome, diabetes, nephropathy, coronary 
artery disease (CAD), and cerebrovascular accidents 
(CVA).4 The combined risk of  obesity and hypertension 
further worsens cardiovascular outcomes.2,4 BMI alone 
appears inadequate compared to other indices.18,20,21 This 
study aims to examine various anthropometric indices 
among hypertensive adults to assess their association with 
cardiovascular complications.

Aims and objectives
The study was conducted to compare BMI and waist 
measurement based indices among hypertensive adults and 
their association with adverse cardiovascular outcomes. The 
secondary objectives were to determine any gender based 
differences among anthropometric indices and improved 
predictability on adding waist-based indices to BMI.

MATERIALS AND METHODS

A retrospective cross-sectional study was conducted among 
data of  hypertensive patients at a tertiary-care centre 
located in Central India. STROBE checklist for cross-
sectional study was followed while designing the study. The 
study was approved by institutional (L.N. Medical College 
and research center and J.K. Hospital) ethical committee 
(Reg no. ECR/1190/INST/MP/2019). Participant 
anonymity was ensured during data collection and analysis. 
The study did not require obtaining consent as the design 
was retrospective and anonymous. The study procedures 
were in accordance with the guidelines as per Declaration 
of  Helsinki (1964 and further revisions).

Inclusion criteria
All the participants were of  Indian origin and aged 18 years 
and above. The study was carried out on patient records 
from June to October 2022 and simple random sampling 
was performed to select hypertensive patients, who had 
their anthropometric indices measured, to be included 
in the study. In total, 400 participants were included and 
their various body characteristics were then measured 

and documented. Hypertension was diagnosed as per 
Indian cut-offs: A blood pressure (BP) of  ≥140 mmHg or 
≥90 mmHg on at least two occasions on different days, or 
prior treatment with antihypertensive medications at the 
time of  registration irrespective of  their BP reading, or 
≥160 mmHg systolic or ≥100 mmHg diastolic on a single 
day with two readings.19 Various anthropometric indices 
and obesity indicators were then compared to evaluate 
their association with CVA and CAD.

Exclusion criteria
Co-existing diabetes mellitus, thyroid disorders, autoimmune 
disorders, chronic kidney disease and other chronic 
disorders that may predispose towards CVA and CAD. 
Records with incomplete anthropometric measurements 
were also excluded from the study.

Study tools
Data collection was done based on a pre-set proforma 
which included baseline characteristics, history of  
co-morbidities and medication, anthropometric 
measurements such as weight (kg), height (cm), WC, and 
hip circumference (HC).

Weight was measured using electronic weighing scale to 
the nearest 0.1 kg and height was measured using a wall 
mounted scale to the nearest 0.5 cm with the respondents 
standing without footwear. Body length was measured for 
bed-ridden CVA patients. Waist and hip measurements 
were taken using a measuring tape. WC was measured 
at midpoint between the top of  iliac crest and the lower 
margin of  last palpable rib in midaxillary line, the unit 
used was centimetres.7 HC was measured, in centimetres, 
at the largest circumference of  the buttocks.7 Cutoffs for 
WC were 90 cm in men and 80 cm in women, as per Asian 
standards.7,22 Annexure 1 mentions formulas for various 
anthropometric indices and their cut-off  values along with 
references.9,10,23,14-17,24-26

Data were analyzed using SPSS version  20 (IBM SPSS 
Statistics for Windows, Armonk, NY: IBM Corp) and 
Microsoft Excel version 2019. Analyses included mean, 
standard deviation, Pearson’s correlation (r), receiver 
operating curve, linear regression analysis wherever 
applicable. Statistical significance was set at P<0.05.

RESULTS

In total 400 participants were included in the study; all were 
diagnosed case of  hypertension. Of  them, 201 (50.25%) 
were male and 199 (49.75%) were female. The mean age 
was 59 years (±11.8). In terms of  comorbidities, 21 patients 
had CVA while 16 had CAD.
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Mean BMI and WHtR were found to be higher for females 
as compared to males (Table 1) and both the differences 
were statistically significant. Mean ABSI and LBMW 
were found to be lower for females as compared to males 
(Table  1) and both the comparisons were statistically 
significant.

Among the included 400 participants, 134 (33.25%) had 
BMI in recommended range, 41 (10.25%) had WHtR in 
recommended range, 104 (26%) had normal range WHR, 
146 (36.5%) had good or low risk ABSI while 304 (76%) 
were found to have optimal LBMW as per recommended 
cut-offs. Only 107  (53%) females had LBMW in the 
recommended range as opposed to 197  (98%) males 
(P<0.001, 95% CI: 37.9–52.2).

On analysing various indices and their association with risk 
of  CVA among hypertensive adults, the present study found 
that BMI and ABSI have weaker association with CVA as 
compared to WHR, WHtR, WC, and LBMW (Table 2). WC, 
WHtR and LBMW were noted to be particularly strongly 
associated with CVA irrespective of  gender. Table 2 also 
shows area under curve (AUC) for respective indices along 
with standard errors.

Waist measurement-based indices were found to have 
higher sensitivity as compared to the traditionally used BMI 
and most of  the indices had high negative predictive values 
(NPV), for the risk of  a hypertensive adult developing 
CVA (Table 2). However, BMI and ABSI showed relatively 
higher specificity as compared to the waist measurement 

indices. None of  the indices were noted to have a clinically 
significant positive predictive value (PPV).

On comparing different indices for development of  CAD 
among hypertensive adults, BMI and ABSI were again 
found to be weaker indicators as compared to other indices. 
WHtR showed strongest association with CAD risk in the 
study population. Table 3 shows AUC for respective indices 
for CAD risk in the study population. Abnormal WHtR 
was noted to carry a relative risk of  3.38 for development 
of  CAD (P=0.6123, 95% CI: 0.1589–2.9556).

WC, WHR, and WHtR were found to have higher 
sensitivity and NPV as compared to the traditionally used 
BMI, for the risk of  a hypertensive adult developing CAD 
(Table  3). However, BMI and ABSI showed relatively 
higher specificity as compared to WC, WHtR and WHR. 
None of  the indices were noted to have a clinically 
significant PPV.

LBMW ratio was found to have a stronger association 
with CVA and CAD for females as compared to males 
(Table 4).

Simple linear regression analysis was performed to compare 
BMI and WC with risk of  development of  CVA and CAD. 
It revealed that, in general, BMI had a weaker association 
with adverse cardiovascular outcomes as compared to 
WC. It was also noted that combining BMI with waist 
measurement-based indices improves risk prediction 
(Table 5).

Table 2: Statistical analyses values for various anthropometric indices for development of CVA among 
hypertensive adults
Statistical parameter ABSI BMI WHR WHtR LBMW WC
AUC 0.68878 0.714474 0.79897 0.824727 0.827207 0.828496
SE 0.00394 0.231361 0.00469 0.003237 0.00042 0.538677
AUC Comparison (BMI) P=0.9116 N/A P=0.7150 P=0.6337 P=0.6261 P=0.8458
Sensitivity 66.67 65.00 95.24 90.48 95.24 90.48
Specificity 33.77 33.42 6.86 10.29 10.34 6.33
PPV 6.66 6.47 6.76 6.67 7.00 5.08
NPV 93.46 93.09 95.31 93.84 96.84 92.31

AUC: Area under curve, SE: Standard error, PPV: Positive predictive value, NPV: Negative predictive value, BMI: Body mass index, ABSI: A body shape index, WHR: Waist‑hip 
ratio, WHtR: Waist‑to‑height ratio, LBMW: Lean body mass‑to‑weight ratio, WC: Waist circumference

Table 1: Mean values for various anthropometric indices
Parameter Mean (SD)

Total (n=400) Male (n=201) Female (n=199) P‑value (95% CI)
BMI 25.2 (4.62) 24.8 (3.89) 25.7 (5.15) 0.0497 (−1.7986–0.0014)
ABSI 0.086 (0.008) 0.087 (0.007) 0.085 (0.009) 0.0162 (−0.0036 to−0.0004)
WHR 0.98 (0.078)
WHtR 0.57 (0.064) 0.56 (0.056) 0.58 (0.070) 0.0011 (−0.0320 to 0.0080)
LBMW 0.7 (0.093) 0.8 (0.062) 0.7 (0.085) <0.001 (0.0853–0.1147)

SD: Standard deviation, CI: Confidence interval, BMI: Body mass index, ABSI: A body shape index, WHR: Waist‑hip ratio, WHtR: Waist‑to‑height ratio, LBMW: Lean body 
mass‑to‑weight ratio
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Table 4: AUC values for males and females 
comparing association of LBMW with CVA and 
CAD
Sex CVA CAD SE
Males 0.803986 0.730392 0.0044
Females 0.873921 0.860256 0.0060
AUC comparison P<0.001 P<0.001

AUC: Area under curve, LBMW: Lean body mass index, CVA: Cerebrovascular 
accident, CAD: Coronary artery disease, SE: Standard error

Table 3: Statistical analyses values for various anthropometric indices for development of CAD among 
hypertensive adults
Statistical parameter ABSI BMI LBMW WC WHR WHtR
AUC 0.608398 0.71403 0.790249 0.798177 0.800781 0.811621
SE 0.00394 0.231361 0.00042 0.538677 0.00469 0.003237
AUC comparison (BMI) P=0.6480 N/A P=0.7418 P=0.8859 P=0.7077 P=0.6732
Sensitivity 81.25 50.00 87.50 100.00 100.00 100.00
Specificity 34.38 32.81 9.95 6.77 7.03 10.62
PPV 4.91 3.01 3.91 4.28 4.29 3.90
NPV 97.78 94.03 95.00 100.00 100.00 100.00

AUC: Area under curve, SE: Standard error, PPV: Positive predictive value, NPV: Negative predictive value, BMI: Body mass index, ABSI: A body shape index, WHR: Waist‑hip 
ratio, WHtR: Waist‑to‑height ratio, LBMW: Lean body mass index, WC: Waist circumference

Table 5: Results of linear regression analysis for 
BMI versus waist‑based indices
Indices Linear regression analysis results

CVA (n=400) CAD (n=400)
BMI R2=0.003, P=0.271 R2=0.0037, P=0.227
WC R2=0.0365, P=0.0021 R2=0.0091, P=0.3074
BMI+WC R2=0.0204, P=0.148 R2=0.0075, P=0.7042
BMI+WHR R2=0.0219, P=0.1199 R2=0.0123, P=0.4274
BMI+WHtR R2=0.0298, P=0.035 R2=0.0081, P=0.6695

CVA: Cerebrovascular accident, CAD: Coronary artery disease, BMI: Body mass 
index, WC: Waist circumference, WHR: Waist–hip ratio, WHtR: Waist‑to‑height ratio

DISCUSSION

This study showed that the females had higher mean BMI 
and WHtR as compared to males. This can be partially 
attributed to females having higher fat proportion as 
compared to males27 which is further evidenced by lower 
mean LBM as well as lower body surface area among 
females. Only half  of  the females had LBM to weight 
ratio in the recommended range as opposed to 98% of  
males. This further emphasizes on females having higher 
fat percentage or lower muscle mass. This study also 
observed that only 33% of  participants had BMI in the 
recommended range which is less than half  of  the estimates 
for general population. These numbers were further lower 
for WHtR and WHR. This observation suggests that 
majority of  subjects in our study population were either 
overweight or obese, this was especially true for female 
participants. Lower LBM to weight ratio (lean body BMI) 
is associated with higher cardiovascular risk since it is an 
indirect indicator of  higher fat proportion. Lower LBMW 

was found to be a stronger predictor of  CVA, CAD among 
female subjects as compared to males. This may suggest 
that females need to have a tighter control over body fat 
content to reduce cardiovascular risk. This is particularly 
important since prevalence of  cardiovascular disorders 
increases with age28 and central obesity also increases after 
menopause.29

In this study, ABSI and BMI were consistently found 
to have the weakest association with co-morbidites as 
compared to WC, WHR, WHtR, and LBMW. Abnormal 
WC, LBMW, and WHtR were very strongly associated with 
increased risk of  CVA among hypertensive adults. Higher 
WHtR and WHR were very strongly associated with a 
higher risk of  development of  CAD among the study 
subjects. WC and LBMW were also found to be better 
predictors than BMI and ABSI. These observations are 
consistent with the notion that BMI, although most used, 
is a less accurate measure of  obesity and hence a weaker 
predictor of  cardiovascular risk. The current study provides 
similar evidence for Asian Indian population. The fact 
that the indices measuring abdominal or central obesity 
were found to have the strongest association with the 
comorbidities agrees with the current understanding that 
abdominal obesity carries a higher risk for cardiovascular 
morbidity and mortality.6 These findings agree with some 
prior studies; however, they were primarily conducted 
on western populations. More data are needed for Asian 
population, particularly Asian Indians.

The observation that BMI had weakest association with 
CVA and CAD among hypertensive adults also supports 
the postulate that abdominal fat is more strongly associated 
with cardiovascular outcomes as compared to total body fat.6

Anthropometric indices are easy to use and can be 
performed in a short time on outpatient basis and studies 
have shown them to be reliable predictors of  adverse 
cardiovascular outcomes in different populations.4,6,14-17 
However, the data are lacking for newer obesity and central 
obesity indicators amongst Asian Indian population. BMI, 
WC and WHR have been standardized for Asian population 
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but the standardization is lacking for LBM, WHtR and 
ABSI and research is needed to adjust formulae or cutoffs 
for Asians.

Limitations of the study
The main limitation of  this study is lack of  a control 
group which could have further helped in establishing 
findings of  the study. Another limitation is confounding 
factors such as smoking, tobacco, and alcohol could not 
be ruled out as they have the potential to add to adverse 
cardiovascular outcomes. Multiple analyses did not reach 
statistical significance, possibly due to a relatively small 
sample size but the difference is clinically important in 
certain comparisons, nevertheless.

CONCLUSION

Addressing the epidemic of  obesity is the need of  the 
hour and it is further important due to its association 
with adverse cardiovascular outcomes. This makes correct 
estimation of  obesity and abdominal/central obesity very 
important and hence choosing the appropriate tool. BMI 
is the most widely used measure but it is probably not the 
best anthropometric index to predict adverse cardiovascular 
outcome. The current study suggests that measures for 
abdominal obesity such as WC, waist–hip ratio, and WHtR 
are more strongly associated with adverse cardiovascular 
morbidity and mortality among Indian hypertensive adults. 
A  larger study amongst this ethnic group with a non-
hypertensive control group would further help in evaluating 
this association. These easy to use, out-patient based tools 
can help in stratifying patients and thereby more aggressive 
reduction of  obesity amongst who are at extra risk for 
associated comorbidities in high-risk population group 
which can help in improving overall outcomes.
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