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Diabetes is a considered to be health-threatening concomitant disease 
all over the globe. The world prevalence of diabetes today are 425 
million and this is expected to increase to 629 million by the year 

[1]2045.  India leads the world with largest number of diabetic subjects 
earning the dubious distinction of being termed the “diabetes capital of 

[2] the world” . The number of patients with diabetes in India currently 
are 72.9 million. This is said to increase to 134.3 million by the year 

[3]2045 . 

Diabetes is a serious, common, costly and controllable disease. 
Controlling diabetes is easier and cheaper than managing its 
complications. The data from several epidemiological, experimental - 
human and animal studies and more recently the data from several 
mega trials like the Diabetes control and complications trial (DCCT), 
Kumomoto study and the UK prospective diabetes study (UKPDS) 
have convincingly proved the importance of tight metabolic control in 
arresting the progression and prevention of microvascular disease. 
Hyperglycemia contributes to the increased incidence of 
macrovascular disease but dyslipidemia, hypertension, central obesity, 
decreased physical activity, and smoking play a major role in 

[4]accelerated atherosclerosis seen in diabetics. 

Few Indian studies have assessed peripheral arterial disease (PAD) in 
diabetics. Two large studies from South India, namely, by Mohan et. al. 
[5] [6] (n=4941) and Chennai urban population study (CUPS)   (n=1262) 
found a prevalence of PAD in diabetics to be 3.9% and 6.3%, 
respectively. Two recent studies from North India, one by Agrawal et al 
[7] ( [8]n=4400) and the other by Madhu et al   (n=364) found the 
prevalence of PAD in diabetics to be 18.1% and 13.73%, respectively.
Peripheral arterial disease (PAD) is characterized by atherosclerotic 
occlusive disease of the lower extremities and is a marker for 

[9]atherothrombotic disease in other vascular beds.  While PAD is a 
major risk factor for lower-extremity amputation, it is also 
accompanied by a high likelihood for symptomatic cardiovascular and 
cerebrovascular disease. Diabetic patients with Intermittent 
claudication have a 35% risk of sudden ischaemia and a 21% risk of 
major amputation, compared with 19% and 3%, respectively, in non-

[10]diabetic patients.  The risk of PAD is inversely related to previous 

[11]levels of physical activity suggesting a protective effect of exercise.  
The major risk factors in diabetic PAD leading to amputation have 
been reported as hyperlipidemia, obesity, abnormal glucose tolerance, 

[12]smoking, and hypertension. Due to rapidly increasing prevalence of 
Diabetes and its dreadful complications like amputation, CVD and 
mortality, it has become very crucial to screen symptomatic as well as 
asymptomatic diabetic patients for PAD at an early stage. There is 
immense evidence stating increased risk of CVD and PAD in diabetics. 
But, there is less information available regarding association of Ankle 
brachial index with individual risk factors like physical activity, 
glycemic control, lipid prole, waist circumference and smoking in 
diabetic population. Also, there is disparity in the results in the 
available data from the literature about the association on ankle 
brachial index with cardiovascular risk factors like physical activity, 
lipid levels and obesity. 

This study was undertaken to evaluate the association of a 
cardiovascular risk factors with ABI so that primary prevention and 
risk factor modication can be implemented at an earlier stage. The 
association of Ankle Brachial Index with cardiovascular risk factors 
namely-Physical activity and chronicity of Diabetes Mellitus, 
Glycemic control, Waist circumference, Serum Total Cholesterol (Sr. 
TC) and Serum Triglycerides (Sr. TG), Smoking were studied.

MATERIALS & METHODS:
A Cross-sectional study was carried out in Diabetic OPD at 
Endocrinology department of a Tertiary health care hospital. Ethical 
approval was obtained from institutional ethics committee. Sample 
size was calculated using the formula given below n=4pqNe2 (N-
1)+4pq (Where, n= desired sample size, N= Available subjects = 750, 
p= prevalence of Abnormal ABI (ABI ≤ 0.9) = 21% from pilot study on 
50 subjects, q= 100-p = 79, e= error (~10% p)= 4.41).Approximately 
720 patients were screened and  500 Patients in age group between 30 
and 80 years both males and females diagnosed with Diabetes Mellitus 
by the physician based on Criteria for diagnosis of diabetes by 
American Diabetes Association 2012and having necessary blood 
reports (Fasting blood sugar and Sr. TC, Sr. TG reports) were included. 
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ABSTRACT
Lower-extremity arterial occlusive disease is much more likely to occur in patients with type II diabetes. Due to rapidly increasing prevalence of 
Diabetes and its dreadful complications like amputation and associated mortality, it is crucial to screen symptomatic as well as asymptomatic 
diabetic patients for peripheral arterial disease (PAD) at an early stage. There is immense evidence stating increased risk of coronary vascular 
disease(CVD) and PAD in diabetics. The risk factors being similar to that of CVD, there is less information available regarding association of 
Ankle brachial index with individual cardiovascular  risk factors in diabetic population. This study was done with the objective to evaluate 
association of Ankle Brachial Index (ABI) with Physical activity level, chronicity of Diabetes Mellitus ,cardiovascular risk factors and 
sociodemographic factors.
Methods: Type 2 diabetic patients coming to diabetic-endocrinology OPD of tertiary care hospital were evaluated for Fasting Blood Sugar, Serum 
Total cholesterol and Serum Triglycerides, International Physical Activity Questionnaire- long form (IPAQ LF). ABI was evaluated and interpreted 
as per guidelines of American Heart Association. Data was analyzed using SPSS for windows version 16 software.   
Results: Total 500 patients (male=271, female=229) with mean age 57.85 (± 9.66) years participated in the study. The association of ABI was 
statistically signicant with Physical activity level (p= 0.005), chronicity of Diabetes Mellitus (p< 0.001), Glycemic control (p= 0.02), Serum Total 
Cholesterol (p <0.001) and Serum Triglycerides (p = 0.032). The association of ABI with Waist circumference (p=0.307) and Smoking (p= 0.380) 
was statistically not signicant. The study also revealed signicant association of ABI with age (<0.001), gender (<0.001), weekly sitting time (p= 
0.002), presence of claudication symptom (0.019), annual family income (p= 0.021)and family history of diabetes mellitus (p= <0.001).
Conclusions: This study revealed signicant association of Ankle Brachial Index with cardiovascular risk factors and socio-demographic 
parameters.  

KEYWORDS
Ankle Brachial Index (ABI), Cardiovascular Risk Factors, Diabetes, Physical Activity, Peripheral Arterial Disease. 



Volume - 10 | Issue - 03 | March - 2021

14 International Journal of Scientific Research

Patients with Diabetes Mellitus other than Type 2, patients with 
amputation of both lower limbs, Patients having Ulcers and swelling in 
lower limbs, Patients on Vasodilator drug therapy, Patients not willing 
to participate, Patients not willing to sign their consent were excluded. 
Demographic details including name, age, residence, occupation, 
annual family income, were noted. Duration and treatment of diabetes, 
symptoms of vascular claudication, smoking and/or alcohol intake, 
hypertension, symptoms of coronary artery disease or intervention and 
family history of diabetes for the same was also noted. 

Glycemic control was measured by taking mean of 3 readings of 
Fasting blood sugar test done within previous 6 months. Fasting blood 
sugars between 70-130 mg/dl was considered good glycemic control 
for adults and between 90-130mg/dl for elderly population as per 
American Diabetes Association guidelines 2014.  Fasting blood sugar 
levels were taken as all patients do not have Glycosylated 
Haemoglobin values. Values of Serum total cholesterol and serum 
triglycerides were noted from the led reports done within previous 6 
months of the study. Anthropometric measurements like body mass 
index and waist circumference was measured by standard methods. 
The WHO STEPS protocol for measuring waist circumference was 
followed (WHO, 2008b). 

Physical activity was measured using international physical activity 
questionnaire. (IPAQ). It includes multiple domains of physical 
activity like job related, transportation, household, recreation/ sports 
and sitting. The scoring was done in MET* MIN / WEEK .

Resting parameters of ABI were measured with patient in supine 
position after 5 minutes of rest, as per standard guidelines given by 
American heart association (Circulation 2012)using Portable Doppler 
Unit (Emco Mini dop D 500 Pocket Doppler).ABI was calculated and 
interpreted according to the American Heart Association denition by 
dividing the higher systolic pressure of the right and left ankle by the 
higher systolic pressure of both the arms. Lower ABI of the two was 
considered. (ABI=SBP of Ankle/ SBP of Arm)
Ÿ ABI <0.9 – Abnormal low
Ÿ ABI 0.91-0.99 – Borderline abnormal
Ÿ ABI- 1-1.4 – Normal
Ÿ ABI >1.4- High, Non compressible arteries.

RESULTS :
Total 500 (271 males and 229 females) subjects participated in the 
study. Baseline characteristics are as given in the table 1. 24.45 % 
females had abnormal ABI as compared to 18.81% males . Association 
of Ankle brachial index was assessed with categorical variables like 
Physical activity, chronicity of Diabetes Mellitus, Glycemic control 
(mean of 3 FBS), Waist circumference, Serum Total Cholesterol (Sr. 
TC), Serum Triglycerides (Sr. TG) and Smoking by applying Chi 
square test and ANOVA test for continuous variable like 'sitting time 
per week'; Association of ABI with sociodemographic variables like 
age, sex, annual family income, family history of diabetes were also 
analyzed by chi square test using Statistical package for social sciences 
(SPSS) for windows version 16 Software. Statistical signicance was 
dened by p value ≤0.05

Table 2 highlights the proportion of patients with abnormal ABI and 
Table 3 shows the association with various factors. The association of 
ABI was statistically signicant with duration of diabetes ( p value 
<0.005) ,Glycemic control (p= 0.020), Serum Total cholesterol( p 
value <0.001) and triglycerides ( p value = 0.032 ). The association of 
ABI with glycemic control ,when analysed with only two categories of 
ABI , that is ≤0.9 and >0.9 , was statistically not signicant (p =0.066). 
There was signicant association with physical activity. On comparing 
the mean sitting time values with respect to ABI categories using One 
way ANOVA test, it was found that at least one of these categories of 
mean sitting time differ signicantly from others ( p=0.002) (Table 
4).Hence, multiple comparison test was performed to conrm the 
results .Signicant difference between the mean sitting time of Low 
and normal ABI categories ( p = 0.019) was found.

Although, more number of subjects with abnormal waist 
circumference had ABI ≤ 0.9, the association of ABI with waist 
circumference was statistically insignicant (p = 0.143). Similarly the 
association of ABI with Smoking was statistically insignicant ( p  = 

0.380) with a  Risk ratio= 1.12 (0.87-1.4) and  Odds ratio= 1.222 
(0.759-1.914) at  95% CI

On evaluation of the association between ABI and socioeconomic 
factors there was a statistically signicant association with income (p = 
0.021). ABI ≤ 0.9 was seen to be signicantly more in subjects having 
family history of diabetes ( p <0.001). 

Table . 1:Mean Demographic Variables Of Participants

Table . 2: Association Of ABI With Cardiovascular And Sociodemo 
graphic Factors

Table 3 :Proportion Of Participants With Abnormal ABI

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Variable Mean Range 
Age (years) 57.85 (± 9.66 ) 30-80 
BMI ( Kg/ m2 ) 26.21 (± 0.08) 16.27-44.44 

Waist circumference (centimeters) 90.63 (± 10.43) 65-133 
Mean Fasting blood sugar (mg/dl) 143.57 (± 62.33 ) 52-584 

Serum total cholesterol (mg/dl) 164.34 (± 40.96 ) 70-311 

Variable Chi 2 Value P Value 
Gender 43.044 c<0.001
Age 25.868 c<0.001
Physical activity level 10.688 c0.005
Duration of diabetes 20.562 c <0.001
Glycemic Control 9.836 0.020c 
Serum Total cholesterol 17.690 c<0.001
Serum Triglycerides 8.839 c0.032
Waist circumference 2.141 c 0.143 
Smoking 0.769 c 0.380 
Sitting time (a)0.002
Annual family income 13.234 0.021 
Claudication 5.519 c 0.019
Family history of diabetes 14.971 c<0.001

Variable Abnormal ABI (%) 
AGE (YEARS) 30-40 18.8 

40-50 13.8 
50-60 19 
60-70 19.3 
70-80 48.9 

Gender Male 18.81 
Female 24.45 

BMI ( Kg/Meter2) < 25 19.47 
≥ 25 22.99 

Waist Circumference NORMAL 17.6 
HIGH 23.3 

Duration Of Diabetes 
Mellitus 

0-1 YEAR 14.1 
1-3 YEARS 24.2 
3-10 YEARS 21.8 
>10 YEARS 23 

Family Annual Income Rs. 0-50,000 26 
Rs.50,000-1 Lakh 15.2 
Rs.1 Lakh-3Lakhs 9.1 
>Rs.3 Lakhs 13.95 

Glycemic Control Good 18 
Poor 24.7 

Serum Total Cholesterol < 200(mg/dl) ( Normal) 19.8 
>200 (mg/dl) ( High) 31 

Serum Triglycerides <150 (mg/dl) (Normal) 18.13 
>150(mg/dl) (High) 30.147 

Physical Activity Low ( <600 MET-
minutes/week) 

24.2 

Moderate (600-3000 MET-
min/week) 

22.9 

High (>3000 MET-in/week) 8.1 

Low ( <600 MET-
minutes/week) 

24.2 

Claudication Present 29.8 
Absent 19.2 

Smoking/ Tobacco Use Present 45 
Absent 40.9 

Family History Of 
Diabetes Mellitus 

Present 28.13 
Absent 13.92 



Table 4: Association Of ABI With Sitting Time

DISCUSSION
Diabetes is a dreadful condition due to the associated complications 

[13]leading to increased rate of comorbidity and mortality.  Uncontrolled 
[14]  diabetes worsens prognosis in any medical and surgical conditions.

This study aimed to nd association of ankle brachial index with 
cardiovascular risk factors viz. physical activity level, chronicity of 
diabetes, diabetes control, obesity, serum total cholesterol & 
triglyceride levels, and smoking; and we found signicant association 
with all the above except obesity and smoking. We also assessed its 
association with weekly sitting time, family history of diabetes, gender 
and age and it was signicant with weekly sitting time, presence of 
positive family history of diabetes, female gender and older age. 

[15] .[16]Simillar to study done by Agarwal et. al.  and Tavintharanet. al   
greater proportion of females had abnormal ABI. It has been shown 
that there is a sex difference in the degree of calcication between 
coronary artery and peripheral arteries (e.g. thoracic aorta), with men 
having greater coronary calcication and women having greater 
calcication of the thoracic aorta. This raises the possibility that the 
associations between sex and atherosclerosis may differ between 
vascular beds, and in part may explain why, compared with men, 
women are more likely to develop PAD but less likely to develop CAD. 
As seen in Table 2 and 3 there is a  signicant association between 
physical activity & ABI and between weekly sitting time & ABI 
suggesting that more number of diabetic patients with high physical 
activity and less sitting time had normal ABI scores as compared to 
sedentary patients. The mechanism by which sedentary state may 
predispose to PAD cannot be determined from present study, but there 
are several physiological possibilities. Exercise may enhance 
endothelial function, by upregulating vasoprotective pathways such as 
hemeoxygenase, superoxide dismutase and nitric oxide synthase, and 
by down-regulating the expression of proteins mediating vascular 

[17]inammation and thrombosis.  In patients with PAD, regular activity 
has been associated with improvements in endogenous brinolysis, 

[18]improved microcirculatory function and reduced mortality . It has 
also been shown that patients with PAD who walk regularly, 
experience less functional decline over time. We cannot determine the 
cause – effect relationship but physical activity is associated with 
better disease state as well as outcome in diabetic patients. 

[19]Studies done by Walters et al  showed that PAD is closely associated 
with glycemic control and duration of diabetes. In patients with 
diabetes, hyperglycemia has been postulated as being responsible for 
the non-enzymatic glycation of proteins such as elastin and collagen.  
Nitric oxide (NO) is a potent stimulus for vasodilatation and limits 
inammation via its modulation of leukocyte-vascular wall 
interaction. Furthermore, NO inhibits vascular smooth muscle cell 
(VSMC) migration and proliferation and limits platelet activation. 
Therefore, the loss of normal NO homeostasis can result in a cascade of 
events in the vasculature leading to atherosclerosis and its consequent 
complications. 

It is known that platelets play an integral role in the connection 
between vascular function and thrombosis. Therefore, abnormalities 
in platelet biology may not only promote the progression of 
atherosclerosis, but also inuence the consequence of plaque 

[ 2 0 ]disruption and atherothrombosis leading to dangerous  
complications. As in the endothelial cell, platelet uptake of glucose is 
unchecked in the setting of hyperglycemia and results in increased 
oxidative stress. Consequently, platelet aggregation is enhanced in 
patients with diabetes. 

Platelets in diabetic patients also have increased expression of 
glycoprotein Ib and IIb/IIIa receptors, which are important in 
thrombosis via their role in adhesion and aggregation. Lipid 
modications noted in diabetic patients, such as glycated oxidized 

.[21]low-density lipoprotein, can promote apoptosis of VSMC   DM and 
hyperglycemic states promote hypercoagulability via upregulation of 
tissue factor by endothelial cells and VSMCs These conditions also 
increase coagulation factor VIIA production and decrease 
anticoagulants, such as antithrombin and protein C production. The 
overall effect of hyperglycaemia on vascular endothelium is 
detrimental, leading to occlusive arterial disease. Chronic diabetes is 
strongly associated with the severity of these changes. 

The lipid abnormalities are generally associated with lower extremity 
PAD. The association of ABI was statistically signicant with Sr.TC 
and Sr.TG owing to higher proportion of patients having abnormal ABI 
having raised lipid levels in the present study. These ndings were 

[22]supported by a study done by Mohan et al   

High TG levels are markers for atherogenic lipoproteins, particularly 
important in patients with insulin resistant syndromes such as type 2 
DM. Patients with type 2 DM commonly present with combined 
dyslipidemia which is characterized by fasting and postprandial 
hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-
C) levels, small LDL and HDL particles, and accumulation of partially 
metabolized chylomicrons (CMs) and very low density lipoproteins 
(VLDLs), the so-called remnant particles rich in apolipoprotein (apo) 
C-III and cholesterol. Lipids play a key role in the initiation and 
progression of atherosclerosis in large vessels, which is the major 
cause of lower extremity PAD. 

The association of ABI with waist circumference was not statistically 
[23]signicant in present study. Planas et al  found in their study that 

abdominal fatness but not total body fatness was predictor of 
peripheral occlusive arterial disease in elderly men. However, in other 
studies, association between ABI and obesity was not signicant. 

In this study the association of ABI with smoking was not found to be 
statistically signicant Although these results were similar to some of 
the studies many other studies have found signicant association 
between these two variables. In spite of these ndings, given the 
known health benets of smoking cessation, it is advisable that efforts 
to cease smoking should be considered. 

The association of ABI was found to be signicant with family annual 
income with higher proportion of patietns with abnormal ABI in lower 
income group (< 50000/ year) . Studies from different populations 
have demonstrated that cardiovascular risk factors and disease 

[24]disproportionately affects those of lower socioeconomic status.  R. 
Pande and M. Creager analyzed data from the National Health and 
Nutrition Examination Survey 1999–2004 to determine whether there 
was a higher prevalence of peripheral artery disease (PAD) in 
individuals with lower socioeconomic status. They found that the PAD 
prevalence was signicantly higher in individuals in lower income 
categories and there was no signicant difference in the ndings even 
after adjusting for differences in use of cardiovascular risk modifying 
medications, such as anti-platelet therapy, statins, beta-blockers, and 

[25]ACE inhibitors or angiotensin receptor blockers.  Awareness of 
healthy lifestyle and compliance to treatment could be considered to 
mediate the SES–atherosclerosis relationship. 

The association of ankle brachial index with family history of diabetes 
was observed to be statistically signicant in the diabetic population. It 
was also observed that the proportion of abnormal ABI in subjects with 
family history of diabetes was 28.13 % as compared to only 13.92 % in 
those without family history. The possible reason for this association 
c o u l d  b e  t h e  g e n e t i c  p r e d i s p o s i t i o n  t o  d i a b e t e s  a n d 
hypercholesterolemia which are known risk factors of PAD. 

The study being cross sectional, the causal relationship of ABI and 
cardiovascular risk factors could not be determined. Ideal methods like 
Glycosylated heamoglobin (HBA1C) for assessing glycemic control, 
Accelerometry for physical activity level assessment and Arterial 
colour Doppler for diagnosing peripheral arterial disease were not 
feasible considering the cost involved . Therefore, mean of 3 Fasting 
blood glucose values, International physical activity questionnaire and 
Ankle brachial index were used respectively. This was a single centre 
study and hence there could be a population bias.
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ABI 
Category

mean Std  
dev

95% CI for 
mean

min max P 
value

Lower 
bound

Upper 
bound

Sitting 
time 
(min)

Low 3870.
2804

1093.
68

3660.
65

4079.
90

840.
00

5040.
00

0.
002

Borderline 
Low

3288.
40

1244.
97

3024.
62

3552.
19

1260.
00

5040.
00

Normal 3429.
15

1426.
50

3265.
41

3592.
89

252.
00

13440.
00

High 4276.
36

770.
28

3758.
87

4793.
85

2940.
00

5040.
00

Total 3517.
42

1335.
77

3400.
05

3634.
79

252.
00

13440.
00



The study showed association of Ankle Brachial Index with modiable 
cardiovascular risk factors like reduced physical activity, sedentary 
lifestyle, poor glycemic control and abnormal lipid levels and non-
modiable risk factors like increasing age, female sex, chronicity of 
diabetes mellitus and family history of diabetes mellitus. 

Therefore, it is advisable that all the diabetics attending Medical or 
Endocrine OPD should be screened for peripheral arterial disease 
irrespective of presence or absence of claudication symptoms, using 
quick, simple, and reliable test - Ankle Brachial Index. Also, Lifestyle 
modication should be initiated at the earlier stages to prevent and 
control the complications related to Diabetes Mellitus and to achieve 
better prognosis.
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