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Detection of Peripheral Arterial Disease (PAD) in Diabetics 
using Ankle Brachial Index (ABI)
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ABSTRACT
Objective: To evaluate the Ankle Brachial Index (ABI) in the detection of peripheral arterial disease (PAD) 
among diabetic patients.
Setting: D iabetic clinic o f PM RC Research Centre, Fatim a Jinnah M edical College, Lahore. 
Study Design: Cross sectional descriptive.
Subjects & Methods: This pilot study included 95 diabetic patients with ages 40 years or above and duration 
o f the disease was more than 5 years. Detailed history including treatment was documented. During 
examination systolic blood pressure in the right and left arms (Brachial Pressure) was measured & documented. 
Systolic Blood Pressure in both ankles was measured using ultrasound Doppler probe (Huntleigh Super 
Doppler -  II). Left and right ABI were obtained by dividing brachial systolic pressure with ankle systolic 
pressure. A ratio of 0.9 or above was taken as normal.
Results: The study included 95 patients (15 males and 80 females) with mean age 51.90 ± 9.49 years and 
mean duration of diabetes 13.23 ± 5.83 years. Smoking was observed in 53.30%, hypertension in 57.89% 
and 71.57% had dyslipidemia. ABI ratio was mildly abnormal in 52.68%, moderately abnormal in 7.38% 
while it was normal in 38.94% cases. Duration of thedisease was negatively correlated (r = - 0.650 & 0.937) 
with ABI & correlation was highly significant (p < 0.047 & 0.008). Blood sugar and lipid levels were not 
significantly correlated with ABI.
Conclusions: The results conclude the detection ofhigh percentage (60.08) of abnormal ABI in this group 
of patients. Ankle brachial index, a non-invasive and simple technique, may be used to screen the detection 
of PAD and diabetic foot.
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INTRODUCTION
Peripheral arterial disease (PAD) is a chronic, lifestyle- 
lim iting disease. It is an independent pred ictor o f 
cardiovascular and cerebrovascular ischemic events. The 
risk of PAD is markedly increased among individuals with 
diabetes mellitus and ischemic event rates are higher in 
these individuals with PAD compared to non-diabetic 
population.1 Peripheral arterial disease affects approximately 
12 million people in the U.S; approximately 20% to 30% 
of these patients have diabetes.2 The duration and severity
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of diabetes correlates with the incidence and extent of 
PAD. In a prospective cohort study, Al-Delaimy et al3 
found a strong positive association between the duration 
of diabetes and the risk of developing PAD. The association 
was particularly strong among men with hypertension or 
who were cigarette smokers. The degree of diabetic control 
is an independent risk factor for PAD; with every 1% 
increase in glycosylated hemoglobin the risk of PAD has 
been shown to increase by 28%.4 The risk o f PAD is 
associated with advancing age and the presence of peripheral 
neuropathy.5

The disorder is characterized by occlusive arterial disease 
o f the lower extremities. Although many patients are 
asymptomatic or have atypical exertional symptoms, 
approx im ate ly  one-th ird  experience  in te rm itten t 
claudication, described as aching, cramping, or numbness
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in the affected limb occurring with exercise and relieved 
by rest.6 Peripheral arterial disease in patients with diabetes 
adversely affects quality o f life7 and is associated with 
substantial functional impairment and mortality.8,9 The 
reduced walking speed and distance associated with 
intermittent claudication may result in progressive loss of 
function and long-term disability.3,10 With severity of the 
disease, critical limb ischemia (CLI) may develop, resulting 
in ischem ic ulceration o f the foot and risk o f other 
c a rd io v a sc u la r  even ts  as w ell as am p u ta tio n .

Introduction of sonography has made it possible for general 
physicians to diagnose asymptomatic PAD by determining 
the Ankle Brachial Index (ABI), which is a noninvasive 
technique. However, ABI is underutilized in clinical practice; 
thus PAD remains under diagnosed and awareness of 
importance of treating PAD as a coronary heart disease is 
low among physicians partly because determination is time 
consuming. Because many patients with diabetes also have 
PAD, the American Diabetes Association now recommends 
regular screening of the Patients for PAD who are over the 
age of 50. Diabetic Patients who are younger than 50 years 
shou ld  be sc reened  i f  th ey  are u n d e r- tre a te d .5

This pilot study was designed to evaluate the role of ABI 
as a simple, non-invasive and cost effective technique in 
the detection of PAD in diabetics. This test may be utilized 
for simple screening purposes to all the diabetic population 
and may be a helpful tool in early detection and prevalence 
of diabetic foot.

METHODS

This cross sectional, descriptive study was done at the 
diabetic clinic of PMRC Research Centre, FJMC & Ganga 
Ram Hospital Lahore. All patients included in this study 
were taking treatment for diabetes and hypertension. In 
this pilot study, 95 patients suffering from Diabetes Mellitus, 
40 years or above o f both sexes with any duration of 
diabetes were included. Each patient was interviewed and 
the information was recorded on a performa regarding age, 
sex, duration of diabetes, smoking habits and any other 
cardiovascular disease. Blood sample was collected after 
an overnight fast using antiseptic measures to estimate 
blood sugar fasting & random (2 hours postprandial) as 
well as lipid profile.

During examination, systolic blood pressure was measured 
on both right and left arms (brachial artery) and both ankles 
(posterior tibial arteries). Systolic blood pressure in brachial

a r te r ie s  w as m e a s u re d  by  u s in g  m e rc u ry  
sphygnomanometer and systolic blood pressure in the 
ankles was measured by using ultrasound Doppler probe 
(Huntilegh Super Doppler-11).20 Left and right ABI 
measurements were obtained by dividing mean systolic 
blood pressure in the left and right ankle by corresponding 
mean systolic brachial blood pressures. PAD was defined 
as an ABI less than 0.90 in either leg. Abnormal ABI ratio 
was graded as (a) Mild: when ratio was between 0.89­
0.70 (b) Moderate: when ratio was 0.69-0.40 (c) Severe: 
when ratio was <0.39.19 Total cholesterol was measured 
enzymatically. Hypercholesterolemia was defined as a 
total cholesterol level of 240 mg/dl or higher in fasting 
condition.21

STATISTICAL ANALYSIS

The data were computerized and SPSS Version “13” was 
used for analysis. Mean ± SD was calculated for all 
quantitative measures. Percentage values were calculated 
for various categories of ABI ratio to diagnose PAD. 
Pearson’s correlation was used to find out any relation 
between ABI & blood sugar levels, lipid levels & duration 
of the disease.

Table1 : D em ographic Chracteristics o f  the Study Patients o f  
Type-2 D iabetes M ellitus

P aram eters No. o f Patien ts (95) P ercentage (%)

Mean Age (years) 51.96 ± 9.49 -
Sex:

Male 15 16%

Female 80 84%

Duration of diabetes (yrs) 13.23 ± 5.83 -
Smoking 8 8.42%

CAD 3 3.15%

(Coronary Artery Disease) 57.89%

Hypertension 55 57.89%

Dyslipidemia 60 71.57%

Symptoms:
Numbness Tingling 80 84.21%

Leg pains 54 56.42%

Foot ulcers 5 5.26%

Laboratory Tests:

Blood Sugar Fasting 112.67 ± 40.15 -

Blood Sugar Random (2 hrs P.P)* 185.53 ± 52.17 -

S. Cholesterol 193.45 ± 35.18 -

S. Triglyceride 188.64 ± 86.11 -
S. HDL 41.32 ± 33.09 -
S. LDL 116.63 ± 32.92 -
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Table2 : Demographic Chracteristics of the Study Patients of 
Type-2 Diabetes Mellitus

ABI Ratio No. of Cases 
n =95

Percentage
(%)

Normal 

(>  0 .90 ) 37 38.94 %

Mild abnormality 

(0.89 -  0.70) Total: 

Bilateral involvement 

Unilateral involvement

51

12(23.53%)

39(76.47%)

53.68 %

Moderate abnormality 

(0.69 -  0.40) 7 7.38%

S evere <0 .39 - -

Table3 : Correlation of ABI with Blood Sugar Fasting, Random, 
& Serum lipids

Parameters Right ABI Left ABI
Correlation P. Value Correlation P. Value

Duration of Diabetes 0.650 0.047* 0.937 0.008

Blood SugarFasting 0.142 0.283 0.27 0.841

Blood SugarRandom  

(2hrs P.P)

0.069 0.661 0.272 0.76

Serum Cholesterol 0.037 0.737 0.171 0.121

Serum Triglyceride 0.013 0.904 0.087 0.429

HDL 0.006 0.956 0.027 0.810

LDL 0.014 0.901 0.126 0.254

*P Significant at 0.05. ** P.P Postprandial

RESULTS

Table 1 shows demographic & general features of the study 
patients which included 15 (16%) males & 80 (84%) 
females with mean age 51.90 ±9.46 years. Duration of 
diabetes was 13.23± 5.83 years. History of smoking was 
present in 8 (8.42%) male patients. O f the total diabetics, 
55 (57.89%) had associated hypertension & 60 (71.57%) 
had hyperlipidemia. Symptoms included tingling and 
numbness (84.21%), leg pains (56.42%) and foot ulcers 
(5.26%). Mean values o f blood sugar fasting (112.67± 
40.15), blood sugar random (185.53 ± 52.17), serum 
cholesterol (193.45 ± 35.18), serum triglyceride (188.64 
± 86.11) and HDL cholesterol, LDL cholesterol are also 
shown in table 1.

Table-2 shows the results of ABI ratios in study patients 
Grading of ABI ratios show normal values (0.90 -  1.30) 
only in 38.94% cases. The ratio was mildly abnormal (0.89 
to 0.70) in 52.68 % and m oderately abnormal ratios

(0.69 -  0.40) were observed in 7.38% diabetic patients. 
None of the diabetic patients was found to have severe 
PAD disease. Overall 61.06 % diabetics with variable 
duration of disease had abnormal ABI ratio and of these
4 patients foot ulcer was present. In all the disease was 
mild and unilateral or bilateral. Two of the patients also 
had associated hyperlipidaemia. One patient with foot 
ulcer had normal ABI w ith a dom inant elem ent of 
neuropathy.

Correlation ofABI to the duration of diabetes, blood sugar 
& various lipids are shown in table 3. Duration of diabetes 
has negative and highly significant (P = 0.047 & 0.008) 
correlation (r = - 0.650 & 0.937) with ABI ratio i.e the 
higher the duration the lower will be the ratio. However, 
blood sugar levels and lipids were not significantly 
correlated with ABI.

DISCUSSION

Peripheral Arterial Disease (PAD), an atherothrombotic 
syndrome associated with enhanced risk of cardio-vascular 
and cerebrovascular events remain under treated. Ankle- 
brachial index (ABI), a non-invasive and simple to apply 
technique provides reliable test for diagnosing PAD in 
practice. However, its use in clinical practice is still limited 
& the condition is mostly diagnosed symptomatically. In 
this pilot study, 95 patients suffering from diabetes mellitus 
with variable duration o f disease were tested for ABI 
ratios. Ratio was abnormal (less than 0.9) in 61.06% 
diabetics. Abnormality was mild (ratio 0.89 -  0.70) in 
53.68% and moderate (ratio 0.69 -  0.40) in 7.38% diabetic 
cases. In a cross sectional prevalence study of peripheral 
arterial disease (PAD) using ABI in general population, 
much higher prevalence (57% - 75%) was observed among 
symptomatic and high risk groups.11The results o f this 
pilot study in diabetics also show a high prevalence (61%) 
ofPAD.

Other risk factors for PAD among the study group were 
hypertension (57.89%), smoking (8.42%), coronary artery 
disease (3.15%),dyslipidaemia (71.57%) and symptoms 
ofPAD i.e. leg pain (56.42%) and foot ulcers (5.26%). 
Higher prevalence rates of PAD have been documented 
in patients w ith CAD, past symptoms o f PAD and 
sm oking.11-13 Cigarette smoking is the single m ost 
important modifiable risk factor for the development & 
exacerbation o f PAD12; however, in this study 8.42%
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males were smokers. Hypertension is associated with the 
development of atherosclerosis and with a two to three 
folds increased risk of claudication.13

The duration and severity of diabetes correlates with the 
incidence and extent of PAD3,14Adler et al15 estimated the 
prevalence ofPAD up to 18 years after the diagnosis of 
diabetes in 4987 subjects (United Kingdom Prospective 
Diabetes Study UKPDS). The results showed a high 
prevalence ofPAD in those with longer duration of diabetes. 
In our study the mean duration of disease was 13.23 ± 5.83 
years and there was a significant negative correlation (Rt. 
ABI: r = -0.65, P 0.047 & Lt. ABI: r = - 0.937 & #P value 
< 0.008) o f ABI ratio with duration o f diabetes i.e the 
longer the duration the lesser is the ABI ratio and therefore, 
the higher incidence ofPAD and cardiovascular events. 
However, correlation o f ABI w ith other biochemical 
parameters like blood sugar, cholesterol, triglyceride & 
HDL levels was statistically insignificant.

ABI is a simple non-invasive and rapid technique which 
provides reliable data for the diagnosis ofPAD. The overall 
accuracy of ABI in the diagnosis of PAD has been well 
e s ta b lish e d  a g a in s t c o n tra s t a n g io g ra p h y  and 
Doppler ultrasound and is considered to have good 
reproducibility.16'18 Therefore the implementation of ABI 
for detecting PAD would assist in early identification and 
treatment o f the condition especially in diabetics which 
will also lower the risk of subsequent cardiovascular events 
in them. The American Diabetic Association (ADA) has, 
therefore, recommended regular ABI screening of diabetic 
patients of long duration of disease particularly if  disease 
is under treated.5

The study concludes a high frequency of abnormal ABI 
(<0.90) indicative of high PAD among diabetics with older 
age, longer duration o f disease & other associated risk 
factors. Therefore, it is recommended that ABI screening 
should be a routine procedure for diabetic patients with 
longer duration & specially for a poorly treated disease.
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