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A B S T R A C T

Background: Peripheral arterial disease (PAD) is an underdiagnosed illness often affecting the elderly
population. Ankle brachial index (ABI) is a good diagnostic tool for PAD in outpatient practice, but
remains underused.
Materials and methods: Patients were recruited from an outpatient medical camp in rural India, and
assessed for symptoms and pre-existing risk factors. Measured ABI � 0.9 was considered abnormal and
considered PAD.
Results: Out of 100 patients recruited, PAD was diagnosed in 57 patients. Associated risk factors were like
age >55 years (67%), hypertension (66%), smoking (69%) and diabetes mellitus (35%) were common.
Conclusion: PAD is a very common and underdiagnosed illness in rural India. A simple tool like ABI can
help diagnosis in underserved areas.
© 2017 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Peripheral Arterial Disease (PAD) is a major cause of morbidity
and mortality predominantly affecting the elderly population.1

PAD is largely undetected due to its silent progression which
warrants pre-symptomatic screening.2 Screening for PAD is based
on the definition of ankle brachial index (ABI) � 0.90 (American
College of Cardiology/American Heart Association (ACC/AHA) 2005
guidelines).3 ABI is a symptom independent, simple, cost effective
reliable screening tool for PAD in primary care but remains
underused.4 For diagnosis of PAD, ABI of less than 0.9 is 95%
sensitive and close to 100% specific.1,3 In a rural population with
limited access to health care, PAD remains understudied. In this
study we wanted to measure the disease burden and risk factors of
PAD in a rural part of Gujarat, India.
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2. Materials and methods

This study was carried out in a tribal belt of Gujarat with poor
access to healthcare facilities. At an outpatient medical camp,
patients were screened for study participation. All men and
women between 18 and 80 years of age were considered, excluding
patients with prior history of amputation of any limb. After
screening patients, patients were randomly recruited using pre-
randomized sealed envelopes. After informed consent, a thorough
history and physical examination were obtained. Resting brachial
and ankle blood pressures were measured in supine position on
both extremities, 5 min apart and the mean pressure recorded and
ABI was calculated. All measurements were carried out with a
mercury sphygmomanometer and handheld pulse Doppler using a
standard technique. Patients with ABI � 0.9 were considered to
have PAD.

2.1. Statistical analysis

Continuous variables were expressed as mean � SD and
compared using Student’s t-test. Categorical variables were
expressed as numbers (percentage) and compared with a x2 or
Fisher exact test as appropriate. Level of significance was set at 5%
for the analysis. Adjusted odds ratios (OR) for potential risk factors
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Fig. 1. Adjusted Odds Ratios from Multivariable Analysis.
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were calculated using multivariable logistic regressions, using
univariable regressions to choose variables. All statistical analysis
was done in Stata1 v13.1 (StataCorp LP, College Station, TX).

3. Results

Due to resource constraints, the study was limited to 100
patients. Mean age was 59.3 � 11 years and 36% were females.
Smokers comprised 69% of the sampled population, 66% of subjects
were hypertensive, and 35% were diabetic. There was no
statistically significant difference between sexes in terms of
demographics.

Mean ABI for all subjects was 0.87 � 0.12. A cut-off value of
ABI � 0.9 was used, resulting in 57 patients being diagnosed with
PAD. Patients with PAD were more frequently females (46% vs 23%,
p = 0.02), hypertensive (77% vs 51%, p = 0.007) and diabetic (53% vs
12%, p < 0.01). All patients with a history of known coronary artery
disease (CAD, 30 patients) were found to have PAD. Smokers were
commonly found to have PAD (84% vs 48%, p < 0.01). These
observations are described in Table 1.

Female sex, hypertension, diabetes mellitus and smoking were
found to be predictors of PAD in univariable analysis. Multivariable
analysis showed smoking to be the strongest independent
predictor of PAD (OR 7.62, 95% CI: 1.93–30.1, p = 0.004). On
multivariable analysis age did not show a correlation to prevalence
of PAD (OR 3.14, 95% CI 0.93–10.66, p = 0.066). Odds ratios and
confidence intervals obtained on multivariable analysis are plotted
graphically in Fig. 1.

4. Discussion

PAD is a disease of peripheral arteries of lower extremities.1

After CAD and stroke, PAD is third leading cause of cardiovascular
morbidity.5 The pathology of PAD is predominantly due to
atherosclerotic narrowing of arteries. While prevalence of PAD
from developed countries has been studied, but data are lacking
from underdeveloped nations. There are very few published
accounts of peripheral artery disease in rural India.

Since PAD is primarily asymptomatic, diagnosis in a limited
healthcare setting is difficult. ABI is a cheap and simple diagnostic
test to screen for peripheral artery disease in the community. It is
defined as the ratio of highest systolic pressure at the ankle to that
of the brachial artery.6 It has a high sensitivity and specificity,
which combined with low costs, make ABI an excellent screening
test of choice in populations at risk.2,3 Well-known risk factors for
PAD include smoking, diabetes, hypertension, dyslipidemia,
obesity and cardiovascular disease.7 In our study, we found a
very high proportion of smokers (69%), hypertensive patients (66%)
and diabetics (35%). On multivariable analysis, female sex,
hypertension, and smoking were identified as predictors for
Table 1
Risks associated with PAD.

Parameter Overall (n = 100) PAD (n = 57) No PAD (n = 43) p-value

Female 36 (36) 26 (46) 10 (23) 0.02
HTN 66 (66) 44 (77) 22 (51) 0.007
DM 35 (35) 30 (53) 5 (12) <0.001
CAD 30 (30) 30 (53) 0 <0.001
Smoking 69 (69) 48 (84) 21 (48) <0.001
Hyperlipidemia 3 (3) 3 (5) 0 (0) 0.26
Family history 3 (3) 2 (4) 1 (2) 1
Age 59.3 � 11 61.9 � 8.7 55.8 � 12.9 0.006
BMI 22.2 � 1.8 22.9 � 1.9 21.2 � 1.4 <0.001

Binary outcomes are expressed as n (%).
PAD. Smoking showed a strong associated with PAD (adjusted OR
6.75, p < 0.01). Most diabetics in our study were also smokers.
Since smoking is a known predictor of PAD, we could not
investigate the association of diabetes with PAD.

Solanki et al. have studied PAD in diabetics an urban India.
Among 110 diabetics included, 46% had symptomatic PAD and 35%
had low ABI.8 Premalatha et al. conducted a larger study in urban
South India. 1262 eligible subjects above the age of 20 participated.
Oral glucose tolerance test was used to classify subjects into
normal, impaired glucose tolerance and diabetic. Prevalence of
PAD in normal, impaired and diabetics is 2.7%, 2.9% and 6.3%
respectively with overall being 3.2%. They found age over 50 years
was a significant risk factor but observed no association with
smoking.9 However ABI was measured in only 50% of subjects. This,
in addition to the fact that this study was conducted in an urban
area may explain the reports of low prevalence of PAD in the study.
Sarangi et al. studied the correlation between PAD and CAD using
ABI in an inpatient setting in India. All patients were above the age
of 45 years. Out of 182 patients only 32 (18%) had PAD, of which 15
patients had CAD.10 Khurana et al. showed prevalence of PAD based
on ABI in Punjab, India. Out of 200 diabetics with age >45 years,
33% had abnormal ABI � 0.9. Nag et al. in 2012 have published a
study showing the association of chronic venous ulcer and
peripheral arterial disease. They compared the ABI and color
Doppler study for PAD and found a strong correlation between
them.11

5. Limitations

The cross sectional nature of this study was not designed to
evaluate the accuracy of diagnostic methods of PAD. Sample size
was relatively small and would not represent an accurate
estimation of PAD prevalence. More studies with larger sample
sizes are necessary. Recruiting patients from a medical camp
possibly contributed to the high prevalence of PAD and its risk
factors. We could not use gold standard color Doppler studies for
diagnosing PAD due to lack of resources.

6. Conclusion

The prevalence of PAD in the Indian population is understudied.
Defining the population at risk and using ABI as an early screening
tool would help in prompt treatment and prevent further
complications. ABI is a simple and low-cost tool to aid screening
for disease.
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