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ABSTRACT 

Introduction: Chronic hyperglycemia in diabetic patients cause many microvascular and macrovascular changes in the 
body. PAD is considered to be an important macrovascular complication of diabetes mellitus, especially among those with 
prolonged duration of diabetes. As PAD can be asymptomatic initially, it can lead to important morbidities including 
amputation of limbs if not detected early. ABPI is a cheap, easy and useful tool to assess PAD even in asymptomatic 
diabetic patients. 

Methods: This is a randomized cross-sectional study of 120 diabetic patients, asymptomatic for peripheral arterial disease, 
attending Medicine OPD or admitted in our tertiary care hospital of South Gujarat. Pretested proforma was used to collect 
data after taking informed consent. Investigations including ABPI with sphygmomanometer and colour doppler as 
mentioned in the proforma was carried out. Final analysis has been done with the help of Open EPI and SPSS software. 

Results: 30.83 % of  patients of  our study population were found with abnormal ABPI. Our data shows PAD is directly 
associated with high HbA1c, duration of  DM, and BMI. No correlation was found between age and gender. Out of  37 
significant ABPI patients, 28 patients were found to have PAD by colour doppler also. 

Conclusion: Among diabetic patients, high HbA1c, prolong duration of  DM and high BMI were associated with 
abnormal ABPI, which was suggestive of  PAD. 

Key words: ABPI: Ankle brachial pressure index, HbA1C : Glycosylated hemoglobin, BMI : Body mass index, PAD: 
Peripheral artery disease. 

 

INTRODUCTION 

Diabetes is typically a multi-organ chronic disease and is 
associated with a ten-year-shorter life expectancy due to its 
complications.1 Macrovascualr and microvascular compli-
cations are main causes of mortalities and morbidities in a 
diabetic patient. PAD is not only important macrovascular 
complication but also a predictor of underlying cardiovas-
cular status of patient. PAD is associated with increased 
risk of lower extremity amputation.2 

In many diabetics, PAD can be clinically identified by in-
termittent claudication or absence of peripheral pulsations 
in the lower extremities 3 . At the same time, it can be 
asymptomatic also. ABPI is an easy, non invasive and often 
underutilized tool for diagnosis of PAD.  

This study was conducted to screen asymptomatic PAD in 
diabetic patients and to know its correlations with other 
factors. Early screening for PAD can predict underlying 
cardiovascular status and prevent complications associated 
with diabetic foot. 

 

AIMS AND OBJECTIVES 

Aim of the study is to find out the proportion of abnormal 
ABPI in patients of DM without symptoms of PAD. To 
find out the correlation of ABPI with glycemic control, du-
ration of DM, and age of the patient, and other factors. To 

confirm PAD in abnormal ABPI cases using colour dop-
pler. 

 

METHODS 

The study was done at Surat Municipal Institute of Medical 
Education and Research (SMIMER) Hospital, Surat, Guja-
rat, from year January 2019 to August 2020. It was random-
ized cross sectional study enrolling total 120 OPD and in-
door diabetic patients without symptoms of PAD.  

Patients with known case of type 2 diabetes mellitus and 
newly detected type 2 diabetes mellitus having FBG ≥126 
mg/dl and/or 2h glucose level after oral glucose tolerance 
test ≥200 mg/dl and/or HbA1c ≥6.5% and/or random 
blood sugar ≥200 with sign and symptoms of diabetes were 
included in the sturdy. Patients having extreme limit of age 
as < 18 and > 70 years, with history of smoking, CKD, 
Hypertension, amputed distal limb and patient not willing 
to participate in the study were excluded. 

Approval for this study was taken in institutional ethical 
committee. Informed written consent of all the participants 
were taken. All necessary confidentiality of participants 
were maintained. 

Detail history, examination and investigations as per 
proforma were done for each participants. Variables like 
age, gender, BMI, Glycemic control, duration of diabetes, 
modality of treatment were also collected. Among glycemic 
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control, HbA1C >8.2 was considered as significant hyper-
glycemia. 

ABPI was calculated as ratio of systolic blood pressure 
measured at ankle region (dorsalis pedis artery) and at an-
tecubital fossa (brachial artery) for any one side of body. 
For this, sphygmomenometer was applied over these re-
gions , bulb was inflated and deflated. For localization of 
blood flow, hand held portable doppler device with fre-
quency of 8 to 10 MHz was used. On deflation of bulb, 
appearance of blood flow was taken as systolic blood pres-
sure. 

ABPI value between 1.0 to 1.4 was considered normal. 
Among abnormal values, ratio 0.8 to 1.0 was considered 
mild disease, 0.5 to 0.8 as moderate disease and <0.5 as se-
vere disease. Value >1.4 was considered inconclusive due 

to non-compressible calcified artery. Value < 1.0 for any 
case was taken as significant for presence of PAD. Selected 
patients with significant ABPI were sent for Colour dop-
pler to confirm PAD.  

Data was entered in MS EXCEL spread sheet and was an-
alyzed with the help of Open EPI and SPSS software. Sta-
tistical analysis was done by appropriate statistical method. 

 

RESULTS 

This study, conducted in a tertiary care hospital of South 
Gujarat, had enrolled 120 diabetic subjects without symp-
toms of PAD. Proportions of significant ABPI was corre-
lated with diabetes related factors. 

 

Table 1. Age, Sex Distribution and Duration of Diabetic patients (n=120) 

Age group Case % Sex Case % Duration of DM Case % 

20-39 years 19.17 Male 58.33 <5 Years 41.67 
40-59 years 45.83 Female 42.67 5-10 Years 35.00 
60-70 years 35   10-15 Years 19.17 
    >15 years 4.17 

 

Table 2. Distribution of patients according to level of glycated hemoglobin (HbA1c), BMI and Modality of 
Treatment. (n = 120) 

Level of HbA1c Case % Body Mass Index (BMI) Case % Modality of treatment Case % 

<8.2 % 34.17 <20 kg/m2 8.33 Oral Hypoglycemic Agents (OHA) 85.83 
≥8.2 % 65.83 20-25 kg/m2 45.83 Insulin 14.16 
  >25 kg/m2 45.83   

 

Maximum number of patients, that is 45.83% in study 
group were in age group of 40-59 years, 19.17% population 
were in age group of 20-39 years and 35% population were 
in age group of 60-70 years. Mean age in the study group 
was 51.78 ± 11.65 (standard deviation) years. Among table 
patients shows that 58.33% patients were Male, 42.67% pa-
tients were Female. Maximum number of patients, that is 
41.67% patients were in group of duration of diabetes <5 
years, 35.00% patients were in group of duration of diabe-
tes 5-10 years, 19.17% patients were in group of duration 
of diabetes 10-15 years and 4.17% patients were in group 
of duration of diabetes >15 years. Mean duration of diabe-
tes in this study was 6.12 ± 4.62 (standard deviation) years. 

Maximum number of patients, that is 65.83% of patients 
had HbA1c of ≥8.2% and 34.17% of patients had HbA1c 
of <8.2%. Mean HbA1c level in this study was 8.51 ± 0.98 
% (standard deviation). Above table suggested that 8.33% 
of patients had body mass index (BMI) of <20, 45.83% of 
patients had body mass index (BMI) of 20 to 25 and 45.83 
% of patients had body mass index (BMI) OF >25. Mean 
BMI in this study was 25.15 ± 4.46 kg/m2 (standard devi-
ation). In our study, 85.83% of patients were on oral hypo-
glycemic agents and 14.16% of patients were on insulin 
treatment. 

37(31%) patients out of 120 have significant ABPI while 
ABPI in 83(69.17%) patients out of 120 was found with 
insignificant. 

During the study 5 patients with less than 8.2 HbA1c were 
found with significant ABPI.  

Table 3. Distribution of Diabetic patients according to 
Significant ABPI (n = 120) : 

Significant ABPI No. of cases Case % 

No 83 69.17 
Yes 37 30.83 
Grand total 120 100 

 

Table 4. Correlation of HbA1c with ABPI 

HbA1c Patients with insig- 
nificant ABPI (%) 

Patients with sig- 
nificant ABPI (%) 

<8.2 36 (43.37) 5 (13.51) 
>8.2 47 (56.62) 32 (86.48) 

 

Significant 
ABPI 

Diabetic  
patients 

Mean HbA1C % 
±SD 

Yes 37 9.12±0.98 
No 83 8.25±0.87 

P value is <0.05 with independent t test 
 

While 36 patients with same HbA1c were found with insig-
nificant ABPI. During the study 32 patients with more than 
8.2 HbA1c were found with significant ABPI. While 47 pa-
tients with same HbA1c were found with insignificant 
ABPI. 

During the study, longer duration of diabetes was associ-
ated with significant ABPI. 13 patients with duration of 
DM less than 5 years were found with significant ABPI. 
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Table 5. Correlation between duration of diabetes with 
ABPI 

Duration of 
DM (years) 

Patients with in-
significant ABPI 

Patients with sig-
nificant ABPI 

<5 37 (44.58) 13 (35.13) 
5-10 34 (40.96) 8 (21.62) 
10-15 9 (10.84) 14 (37.83) 
>15 3 (3.61) 2 (5.4) 

 

Significant 
 ABPI 

Diabetic  
patients 

Mean of duration of  
diabetes±SD 

Yes 37 7.56±5.20 
No 83 5.48±4.22 

P value 0.037 with independent t test 

 

Table 6. Correlation of BMI with ABPI 

BMI 
Patients with insig- 

nificant ABPI (%) 
Patients with sig- 
nificant ABPI (%) 

<20 9 (10.84) 2 (5.4) 
20-25 42 (50.6) 12 (32.43) 
>25 32 (38.55) 23 (62.16) 

. 

Significant ABPI Diabetic patients Mean BMI±SD 

Yes 37 27.25±4.75 
No 83 24.34±4.05 
P value <0.05 with independent t test 

 

Table: 7 Correlation of age with ABPI 

Significant ABPI Diabetic patients Mean age±SD 

Yes 37 55.22±10.98 
No 83 50.25±11.69 
P value 0.31 with independent t test 

 

Table: 8: Correlation of gender with ABPI 

Gender Patient with  
insignificant ABPI 

Patient with  
significant ABPI 

Total 

F 32 18 50 
M  51 19 70 
Total 83 37 120 
P value 0.3 with Chi Square test 

 

While 37 patients with same duration of DM were found 
with insignificant ABPI. 8 patients with duration of DM 5-
10 years were found with significant ABPI. While 34 pa-
tients with same duration of DM were found with insignif-
icant ABPI. 14 patients with duration of DM 10-15 years 
were found with significant ABPI. While 9 patients with 
same duration of DM were found with insignificant ABPI. 
2 patients with duration of DM more than 15 years were 
found with significant ABPI. While 3 patients with same 
duration of DM were found with insignificant ABPI. 

During the study 2 patients with less than 20 BMI were 
found with significant ABPI. While 9 patients with same 
BMI were found with insignificant ABPI. 12 patients with 
20-25 BMI were found with significant ABPI. While 42 pa-
tients with same BMI were found with insignificant ABPI. 

23 patients with more than 25 BMI were found with signif-
icant ABPI. While 32 patients with same BMI were found 
with insignificant ABPI.  

During the study 4 patients from age group 20-39 were 
found with significant ABPI. While 19 patients from same 
age group were found with insignificant ABPI. During the 
study 16 patients from age group 40-59 were found with 
significant ABPI. While 39 patients from same age group 
were found with insignificant ABPI. During the study 17 
patients from age group 60-70 were found with significant 
ABPI. While 25 patients from same age group were found 
with insignificant ABPI. So, correlation of ABPI with age 
was found insignificant. 

During the study out of 50 females, 18 were found with 
significant ABPI while 32 were found with insignificant 
ABPI. During the study out of 70 males, 19 were found 
with significant ABPI while 51 were found with insignifi-
cant ABPI. So, correlation of ABPI with Gender was found 
insignificant. 

Out of 120 Patient 37 patients had significant ABPI while 
83 were found with insignificant ABPI. 37 patients, which 
were found with significant ABPI were further investigated 
with colour Doppler. Out of which 28 were suggestive of 
PAD according to colour Doppler and 9 had normal colour 
Doppler.  

 

DISCUSSION 

Many theories have been suggested to explain the end or-
gan damage induced by hyperglycemia. These are, for-
mation of advanced glycosylation end products, glucose 
metabolism via sorbitol pathway, activation of protein ki-
nase C and increase influx via hexosamine pathway 4 . 
These processes plays the main role in causing impairments 
of collagen & elastin cross linkage, which thereby causes 
reduced elasticity of connective tissue and deposition of 
atheromatic plaque. These are the main basis for occur-
rence of PAD in diabetic patients. 

It takes 10 to 15 years for macro-vascular complications to 
develop in a diabetic patient 5 . This pathogenic process is 
accelerated in diabetic patients having poor glycemic con-
trol, longer duration of diabetes and other atherogenic fac-
tors . 

In present study, we screened diabetic patient without any 
symptoms of PAD for presence of significantly abnormal 
ABPI. We correlated significant ABPI with age, gender, 
HbA1C, duration of diabetes and BMI. In our study, prev-
alence of PAD by ABPI was 31 % which was comparable 
with other study like Marvaha et al 6 (33 %) , H B Hathila 
et al 7 (35 %). 

In our study, 37 patients out of 120 were found with sig-
nificant ABPI along with mean HbA1c of 9.12 and Std de-
viation 0.98. 83 patients were found of insignificant ABPI 
with mean HbA1c of 8.25 and Std Deviation of 0.87. P 
value <0.05. According to another study, Raymond Mbayo 

et al study 8, 39 patients out of 57 were found with signifi-
cant ABPI with HbA1c more than 8.  

According to Kallio and associates study 9 , 21 patients out 
of 83 were found with significant ABPI along with mean 
HbA1c of 10.3 and Std deviation 0.5. 62 patients were 
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found of insignificant ABPI with mean HbA1c of 9.5 and 
Std Deviation of 0.2.  

In our study.37 patients out of 120 were found with signif-
icant ABPI along with mean duration of DM 7.56 years and 
Std deviation 5.2. 83 patients were found with insignificant 
ABPI with mean duration of DM 5.48 and Std Deviation 
4.22. P value 0.03.  

According to Raymond Mbayo study, 39 patients out of 57 
were found with significant ABPI with duration of DM 
more than 10 years. According to H B Hathila study, 14 
patients out of 58 were found with significant ABPI having 
duration of DM less than 5 years. 23 patients out of 52 were 
found with significant ABPI having duration of DM more 
than 5 years. P value 0.02.  

In Our study, significant ABPI was found among 5.4% of 
patients with BMI <20, 32.43% of patients with BMI 20-
25 and 62.16% of patients with BMI >25. According to 
Raymond Mbayo study, 17 patients out of 57 were found 
with significant ABPI with BMI more than 30.  

In our study, 37 patients out of 120 were found with sig-
nificant ABPI along with mean age 55.22 years and Std de-
viation 10.98. 83 patients were found with insignificant 
ABPI with age 50.25 years and Std Deviation 11.69. P value 
0.31. So age had no positive correlation with abnormal 
ABPI. But in some other study, positive correlation was 
seen. According to Raymond Mbayo study, 34 patients out 
of 57 were found with significant ABPI with age more than 
50 years. 

In our study, out of 37 patients with significant ABPI, 19 
are male and 18 are female. Out of total population, 70 
were male and 50 were female with P value 0.3. According 
to Marwaha et al Study 62.1% female had significant ABPI 
and 37.9% male had significant ABPI with p value <0.05.  

H B Hathila study suggests total 15 male out of 48 males 
had significant ABPI while 24 female out of 62 female had 
significant ABPI of p value 0.04. So according to our study, 
no significant correlation of gender with ABPI was found 
while in Marwaha et al and H B Hathila study significant 
correlation with ABPI was found.  

 

CONCLUSION 

Thirty one percent of  patients of  our study population 
were found with abnormal ABPI. Our data shows that, 
PAD is directly associated with high HbA1c, prolonged 
duration of  DM, and higher BMI. No correlation was 
found between age and gender along with presence of  
PAD. Out of  37 significant ABPI patients, 28 patients were 
found to have PAD by color Doppler also. ABPI can be 
routinely utilized in all diabetic patients to screen for 
underlying PAD. 
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