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INTRODUCTION

Obesity is a global health burden which has taken a proportion of an epidemic.[1] Chronic 
obesity is considered as an important risk factor for the future development of peripheral artery 
disease (PAD) with adiposity induced vascular inflammation and endothelial dysfunction 
being an important mechanism for pathogenesis of PAD. Positive relationship between obesity 
and PAD has been dependent on obesity indices under considerations,[2] with patients of PAD 
reported with higher body mass index (BMI), body fat percentage (fat%), waist circumference 
(WC), or waist hip ratio (WHR).[3] Asian, particularly South Asians have a higher prevalence 
of vascular diseases, which can be attributed to increased adipocyte size, increased visceral 
adipose tissue, and higher level of inflammatory mediators.[4] PAD affects some 12–14% of the 
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general population. The prevalence of PAD is age dependent, 
reaching 10% in people aged over 60 years, and some 20% 
aged over 75 years.[5,6]

There are various methods for the assessment of PAD 
that include both invasive and non-invasive methods 
substantiated with clinical findings, for example, 
plethysmography, tonoscillography, arteriography, 
magnetic resonance angiography, digital subtraction 
angiography (DSA), vascular ultrasound, and Doppler flow 
measurements.[7,8] Among them, DSA is considered as gold 
standard test.[8] Ankle-brachial pressure index (ABPI) is a 
non-invasive test which is a time saving and cost-effective 
method and Doppler ultrasound based ABPI parallels the 
invasive test with respect to sensitivity and specificity.[9,10] 
ABPI may be used for detection of earlier occurrence of 
PAD. ABPI refers to the ratio of ankle and brachial arterial 
blood pressure and drop in this ratio suggests an abnormal 
narrowing of the blood vessels in the arterial conduit between 
aorta and the ankle.[11] ABPI value 0.91–1.40 is considered 
normal, decreasing value is suggestive of increase in severity 
of PAD while ABPI higher than 1.40 specifies incompressible 
(calcified) artery.[12] Although ABPI is widely used parameter 
for assessment of vascular occlusion, there has not been a 
consensus in methods of calculation of the index. These 
methods are similar in terms of procedure and principles 
of recording which is based primarily on vascular Doppler 
ultrasound detection of systolic blood pressure of brachial 
artery and terminal arteries of lower limb. The difference in 
methods is primarily based on calculation of ABPI obtained 
from systolic blood pressure (SBP) of the upper and lower 
limb. ABPI has been calculated using highest of ankle SBP 
(ABPI-HIGH), lowest of the ankle SBP (ABPI-LOW) as well 
as mean of the ankle SBP (ABPI-MEAN) as numerators while 
denominator remains the highest value of SBP at arm.[13]

Studies have evaluated the relationship between ABPI scores 
and obesity, but most of these studies have been done either 
in diabetes mellitus patients or patients suffering from other 
associated diseases[14] or undergoing treatment for those 
diseases.[15] There is paucity of literature correlating indices 
of obesity and ABPI scores in healthy or uncomplicated 
obesity and no study has investigated correlation of obesity 
indices and different modified ABPI scores. Hence, in 
present study, we hypothesized that there is an inverse 
correlation of anthropometric parameters with ABPI scores 
obtained by different methods of ABPI calculation in 
asymptomatic Indian obese/overweight healthy subjects. We 
have also compared ABPI among different BMI categories of 
participants.

MATERIALS AND METHODS

Forty-five male overweight/obese subjects (BMI range 23–
34.99 kg/m²) of age range of 18–60 years with no known 

history of PAD, diabetes, ischemic heart diseases, and 
chronic inflammatory systemic diseases were included in this 
cross-sectional study. The subjects screened were primarily 
the attendants of patients visiting for health checkup in 
outdoors of the institute. Informed written consent was 
obtained from all participants before the study. Study was 
approved by institute ethical committee and ethical standards 
of Helsinki Declaration were followed while performing all 
the measurements. All the recordings were done at body 
composition and vascular physiology laboratory of the 
department of physiology.

The anthropometric parameters measured were weight, 
height, WC, hip circumference (HC), waist height ratio 
(WHtR), Waist hip ratio (WHR), skin fold thickness (SFT), 
and total fat%. Body weight was measured by digital weighing 
machine (Omron digital body weight scale HN-283) to the 
nearest 0.1 kg. Subjects were wearing light clothing with no 
footwear. Subjects were instructed to stand straight to the foot 
bar; legs were positioned to each side of digital scale. Self-
reported weight was not used in the data. To measure height 
portable/wall mounted stadiometer (PIPER stature meter – 2 
m) with movable head piece was used. Height was measured 
with precision of 0.1 cm. The calibration of stadiometer was 
done using standardized measuring rod.[16] The stadiometer 
was checked once in 2 weeks for any error. BMI was calculated 
using Quetelet’s formulas.[17] WC was measured at midpoint 
between lower rib margin and iliac crest by non-stretchable 
measuring tape (Anthroflex-2 m).[18] WHtR was calculated by 
dividing WC (cm) by height (cm). HC was measured as the 
maximal circumference over buttocks. WHR was obtained by 
dividing WC with HC.[19] SFT was measured precisely from 
the right side of the body at various sites, namely, triceps, 
biceps, subscapular, and supra-iliac regions by with the help 
of skinfold caliper (Slimguide skin fold caliper, C-120 B). At 
the triceps, SFT was measured on midline of the back of arm 
and the measurement site was fixed as the mid-point level 
between acromium process and tip of olecranon process. 
Biceps SFT was measured over the biceps at the same level as 
the midpoint for the triceps. Subscapular SFT was measured 
below the inferior angle of the scapula at an angle of 45° to 
the spine. Supra-iliac SFT was measured in the mid-axillary 
line above the iliac crest. SFT chart for age and gender was 
used for calculation of fat%.[20] ABPI was measured with the 
help of VERSALAB™ Auto (Diabetic Foot Care India Pvt Ltd, 
Chennai, India), a device well designed to determine the 
ankle artery as well as brachial artery pressure. At first subject 
was made to lie down in supine position. Standard segmental 
blood pressure cuffs were placed on each arm and on each 
ankle above malleoli. The arm blood pressures were initially 
determined. An uni-directional 8 MHz Doppler probe was 
used to detect a signal in the brachial artery. The Doppler 
probe is generally inclined at 30–45° with the direction of 
the artery to have a greater accuracy and a triphasic wave 
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[Figure  1] appeared on the monitor with clear and distinct 
audible sound. The arm cuff was inflated above systolic 
pressure at which point the Doppler signal disappears. The 
cuff was then slowly deflated until the pulse wave reappeared 
at the systolic pressure of the arm. Each ankle systolic 
pressure was then determined using Doppler probe over the 
posterior tibial or dorsalis pedis artery whichever provided 
the loudest signal.[21] The determination of systolic pressures 
at ankle and brachial arteries was done 4 times for each 
patients. For calculation of ABPI by different methods, the 
denominator was highest of the systolic pressures recorded in 
brachial artery. The lowest ankle systolic pressure out of four 
recordings was taken as numerator in ABPI-LOW method 
while highest ankle pressure was taken in case of ABPI-
HIGH. Average of ankle pressures was taken as numerator in 
ABPI-MEAN method.[13]

We explored the correlation of obesity parameters and ABPI 
of all participants. In addition, to understand the effect of 
different grades of obesity on ABPI, we compared ABPI scores 
in four BMI groups. Based on BMI, four groups were formed, 
namely, Group 1 <24.99 Kg/m², Group 2 = 25–27.99 Kg/m², 
Group 3 = 28–29.99 Kg/m², and Group 4 above 30 Kg/m².

Statistical analysis was performed using SPSS 22.0 for 
windows. Data were checked for normal distribution by 
Kolmogorov-Smirnov test. Correlation between variables 
was measured using Pearson’s correlation test. One-way 
ANOVA with Tukey’s HSD post hoc test was applied to 
compare ABPI scores among three methods of ABPI 
calculation. Difference in ABPI among four BMI groups was 
measured using one way ANOVA. P < 0.05 was considered 
statistically significant.

RESULTS

Anthropometric parameters and ABPI values of 45 participants 
(mean age = 34.98 years) are expressed in [Table 1]. The data 
were normally distributed for all parameters.

Pearson’s correlation test was applied to check the correlation 
between parameters and linear regression equations yielded 
highest correlation coefficient. To check whether obesity of 
subjects was due to fat% and central obesity, correlation of 
BMI and other anthropometric parameters was performed. 
BMI had significant direct correlation with WC, HC, fat%, 
WHR, and WHtR [Table 2].

Correlation between obesity indices and ABPI was 
performed. BMI and HC had significant positive correlation 
with ABPI-LOW. No other obesity parameters correlated 
significantly with ABPI [Table 3].

Four BMI groups were compared for anthropometric 
parameters and ABPI scores. Significant differences were 
observed for weight, WC, HC, fat%, and WHtR. No 
significant differences were observed among ABPI scores 
[Table 4].

Comparisons of ABPI observed by three methods were done 
using one-way ANOVA and post hoc Tukey’ HSD test. There 

Table 1: Anthropometric and ABPI scores of participants.

Parameters Mean±SD

Age (years) 34.98±10.26
Weight (kg) 78.33±12.23
Height (m) 1.67±0.05
BMI (kg/m²) 28.00±3.87 
WC (cms) 95.70±10.35
HC (cms) 98.18±6.67
TBF% 27.46±4.30
WHR 0.97±0.07
WHtR 0.57±0.06
ABPI-HIGH 1.03±0.14
ABPI-LOW 0.87±0.22
ABPI-MEAN 0.93±0.25
Values are expressed in Mean±SD, BMI: Body mass index, WC: Waist 
circumference, HC: Hip circumference, fat%-total body fat, WHR: Waist 
hip ratio, WHtR: Waist height ratio, ABPI: Ankle-brachial pressure index

Figure 1: Representative record of triphasic wave in Doppler ultrasound based ABPI recording.
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were significant difference among three groups (F = 10.839, 
P < 0.001). Significant difference was observed between 
ABPI-LOW and ABPI-HIGH methods as well as between 
ABPI-LOW and ABPI-MEAN methods [Table 5].

DISCUSSION

Obesity is an established and independent risk factor 
of atherogenesis, it also contribute in pathogenesis of it 
by association of elevated blood pressure, dyslipidemia, 
hyperglycemia, or reduced insulin sensitivity and by 
upregulation various inflammatory cytokines and other 
biomolecules.[22] Chronic elevation of these inflammatory 
mediators leads to cardiovascular morbidity and mortality 
including notably coronary and PADs.[23] Early detection 
of PAD is essential in obese/overweight individuals by 
best available noninvasive techniques. In current study, we 
utilized ABPI as such a tool to detect PAD and correlated it 

with obesity indices. We also compared different methods 
of ABPI scores for the aforementioned objective. BMI was 
found to correlate with different measures of obesity. Indices 
of obesity correlated with ABPI Scores, method based 
differences in ABPI scores were observed with superiority 
of ABPI-LOW (modified) method over ABPI-MEAN and 
ABPI-HIGH methods.

In our study, we observed significant positive correlation of 
BMI with WC, WHR, WHtR, and fat%. In the present study, 
correlation of BMI with central obesity measures indicates 
increase in higher BMI was associated with increased fat 
percentage as evidenced by WC, WHR, WHtR, and fat%. 
In a study, several common anthropometric measures 
were moderately to highly and equally correlated with total 
body fat, CT-measured body fat, and CVD risk factors. 
The comprehensive analysis done provided evidence of the 
linkage between simple anthropometric measurements such 
as BMI, WC, WHR, and the purported pathways between 
adiposity and health.[24] Our study remains distinctly placed, 
as we have taken lower cutoffs of obesity as suggested by 
WHO and ICMR for Indian population.

There was significant negative correlation between BMI and 
ABPI scores which indicates that increasing BMI may be 
associated with occurrence of PAD in apparently healthy 
obese/overweight individuals. Obesity leads to increase in 
body fat which contribute in vascular inflammation and may 
leads to atherosclerotic vascular events.[25] Similar findings 
have been observed in a study performed on 200 subjects 
to see the adiposity indices and ABPI as cardiovascular 
risk predictors tool in acute myocardial infarction (AMI) 
patients. The frequency of patients with lower ABI was 
significantly higher in AMI group as compared with control. 
It was concluded that obesity indices were an aggravating 
factor that disrupted the oxidant antioxidant balance leading 
to enhanced oxidative stress.[14] In a different prospective 
cohort study done by a group on 60 subjects had findings 
of independent association of obesity and adiponectin with 
severity of PAD measured by ABPI. WC independently 
predicted the PAD. The occurrence of low ABPI was 4 times 
higher at higher BMI as compared with the lower BMI.[26] In 
our study, we got strong positive correlation of BMI with WC 
and WHtR, indicating the fact that obesity in our study group 
was primarily abdominal obesity, but correlation of WC and 
WHtR to ABPI was not found statistically significant though 
numerical negative correlation was indicative of abdominal 
obesity induced lower scores of ABPI.

Study done to detect the relationship between abdominal 
obesity and PAD in HD patients reported that patients 
with abdominal obesity had lower ABI scores.[15] Obesity 
and lower ABPI scores are predictor of complexity and 
severity of CAD.[27] Study focused on weight loss stated 
that the association of higher BMI with low ABPI in 

Table 2: Correlation of BMI with other anthropometric parameters.

WC HC Fat% WHR WHtR

BMI
r 0.801 0.776 0.503 0.400 0.776
P <0.001 <0.001 <0.001 0.006 <0.001 

Test used Pearson’s correlation test, BMI: Body mass index, WC: Waist 
circumference, HC: Hip circumference, fat%: Total body fat, WHR: Waist 
hip ratio, WHtR: Waist height ratio

Table 3: Correlation of Indices of obesity with ABPI obtained by 
different methods.

ABPI-HIGH ABPI-LOW ABPI-MEAN

BMI
r −0.211 −0.329* −0.284
P 0.163 0.028 0.059

WC
r −0.250 −0.259 −0.291
P 0.098 0.085 0.053

HC
r 0.279 0.299* 0.271
P 0.063 0.046 0.072

Fat %
r −0.136 −0.205 −0.255
P 0.373 0.177 0.090

WHR
r −0.087 −0.077 −0.141
P 0.569 0.617 0.354

WHtR
r −0.179 −0.217 −0.256
P 0.241 0.151 0.089

Test used-Pearson’s correlation test, BMI: Body mass index, WC: Waist 
circumference, HC: Hip circumference, fat%-total body fat, WHR: Waist 
hip ratio, WHtR: Waist height ratio, ABPI: Ankle-brachial pressure index, 
*Represents P<0.05.
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overweight/obese adults with diabetes. However, intensive 
weight loss interventions did not significantly change the 
ABPI.[28] Higher BMI has been suggested to be associated with 
PAD.[29] A study with similar objective as ours has investigated 
body composition and ABPI in asymptomatic PAD patients 
and found that BMI more than 30 kg/m2 increased the odds 
of overall PAD as evidenced by decreased ABPI scores. 
Although the results of this study were similar with our study 
in terms of ABPI and BMI relationship in obese/overweight 
subjects, there were very basic differences with our study in 
terms of study design, protocol, and methodology. This study 
was a case–control study while ours was of cross-sectional 
design. BMI cutoff for obesity was taken more than 30 kg/m2 
while we selected subjects with BMI higher than 23 kg/m2 
as per Asian standards.[30] The two studies listed below have 
contrasting results as they have observed higher BMI and 
WHtR associated with higher ABPI. Study performed to 
determine clinical phenotype of diabetes having higher ABPI 
revealed the occurrence of higher BMI and higher WHtR.[31] 
The prevalence of low ABI is lower in obese as compared to 
non-obese, while ABI <0.9 significantly associated with all-
cause and cardiovascular mortality among non-obese as 
reported by a study and they concluded that these findings 
need further research as they question the reliability of using 
ABI as a marker of PAD or marker of risk in obese individuals. 
These studies have been done in subjects who were 
symptomatic with either diabetes or they had cardiovascular 
diseases (CVDs).[32] The present study was different as we had 
selected apparently healthy non-diabetics, non-hypertensive 
subjects with no history of any CVD. All subjects participated 
in study were asymptomatic for PAD.

The second important result we got in our study was significant 
correlation of HC with ABPI scores. HC is an important 

anthropometric parameter for calculation of waist-hip ratio. 
HC on one side has been considered as positive factor related 
with decreased disease morbidity of atherosclerotic adverse 
events. Many evidences exist to show that the fat tissue in the 
hip has quite different metabolic properties in comparison 
with fat tissue around the waist and is in fact protective 
against metabolic disorders such as diabetes and CVD. Higher 
HC also denotes greater muscle mass.[33] Now, there are 
recommendations to include HC and WC to be considered 
jointly for inclusion in CVD risk prediction models and in 
the assessment of obesity related risk of future deaths.[34] On 
the other hand, there are evidences to suggest that there is 
no protective role of HC against vascular diseases in men. A 
large HC seems to have independent and positive effects on 
CVD and CHD morbidity and mortality in women, but no 
protective effect on cardiovascular health in men as evidenced 
in a study done to relate HC and cardiovascular morbidity 
and mortality in men and women.[35] In Chinese women, 
greater mass in the lower trunk region was inversely associated 
with incident high triglycerides, low HDL-C, and multiple 
metabolic abnormalities when adjusted for general and central 
adiposity. This association was not detected in men.[36]

HC has been found to be an important predictor of plasma 
CRP as it is found to correlate directly in overweight and 
obese Taiwanese women.[37] This study create an insight to 
the fact that our study population was male subjects so it is 
likely to have inverse correlation of HC to ABPI-LOW. Our 
population of study was Indian male obese individuals which 
relates with demographic differences in pathogenesis of PAD.

We have compared ABPI values obtained from three 
methods in our study participants. ABPI values of three 
methods were significantly different. ABPI-LOW appears 
to be most sensitive method among them with its mean 

Table 4: Comparison of ABPI obtained by different methods among four BMI groups.

Mean±SD P-value
BMI≤24.99 BMI (25.00–27.99) BMI (28.00–29.99) BMI (>30)

ABPI-HIGH 1.153±0.105 1.030±0.138 1.144±0.189 1.032±0.284 0.264
ABPI-LOW 0.956±0.135 0.889±0.243 0.895±0.215 0.745±0.292 0.192
ABPI-MEAN 1.078±0.092 1.013±0.138 1.061±0.130 0.955±0.209 0.216
Test used One-way ANOVA, BMI: Body mass index, ABPI: Ankle-brachial pressure index

Table 5: Comparison of ABPI scores obtained by different methods.

(I) (J) Mean Difference (I-J) P-value 95% Confidence Interval
Lower Bound Upper Bound

L H 0.221 0.000 0.126 0.315
M 0.072 0.171 -0.022 0.166

H M -0.149 0.001 -0.242 -0.055
Test used one-way ANOVA with post hoc Tukey’s HSD, L-ABPI LOW, H-ABPI-HIGH, M-ABPI: Mean, ABPI: Ankle-brachial pressure index
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value <0.9 which was significantly lesser than ABPI-MEAN 
and ABPI-HIGH. Results in our study go in similar line of 
previously made observations “ABPI-LOW is the superior 
method of calculating ABPI to identify PAD as it has better 
specificity and sensitivity in detecting PAD.”[38] Our study 
stands out from this study as our subjects were asymptomatic 
apparently healthy obese/overweight individuals of 
minimum BMI cutoffs greater than 23 kg/m2. Hence, there 
is need of modifying the existing method of calculating the 
ABI and using the low ankle pressure as the numerator. 
The ABPI-LOW, by having a higher sensitivity, may result 
in early initiation of risk factor modification and primary 
intervention strategies in patients of PAD. In addition, 
secondary prevention interventions for future cardiovascular 
events might be initiated in these patients apparently missed 
by the ABPI-HIGH. Non-inclusion of control non-obese 
subjects remains one of the limitations of the study. Addition 
of toe-brachial index or post-exercise ABPI measurement 
along with resting ABPI[39] and comparison with gold 
standard test in asymptomatic obese/overweight subjects 
would have given more insight to the study observations.

CONCLUSION

There is a correlation of obesity indices with ABPI-LOW. 
ABPI-LOW methods could be more appropriate method 
and contrastingly HC may have direct correlation with PAD 
detection by ABPI in apparently healthy obese.
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