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Introduction
Coronary heart disease is the most common cause of sudden 

death. It is also the most common cause of death in people over 
65 years old. Men are 10 times more likely to get coronary heart 
disease than women. Coronary artery disease has a number of well 
determined risk factors. The most common risk factors include 
smoking, family history,[1] hypertension, obesity, diabetes, lack of 
exercise, stress, and high blood lipids[2]. Smoking is associated 
with about 36% of cases and obesity 20%[3]. Lack of exercise has 
been linked to 7-12% of cases. High blood cholesterol specifically, 
serum LDL concentrations is also an independent risk factor. High 
blood triglycerides may play a role[4].Dietary cholesterol does 
not appear to have a significant effect on blood cholesterol and 
thus recommendations about its consumption may not be needed 
although saturated fat is still a concern[5].

Peripheral Arterial Disease (PAD) is the name given to 
occlusive disease that occurs in the peripheral or outer arteries of  

 
the body, such as the legs. However, if a patient has PAD, it is likely 
that the same process will be happening in the arteries which 
supply the brain and heart; leaving the patient at higher risk of 
suffering a coronary artery disease or stroke.

Peripheral artery disease is often caused by atherosclerosis. 
In atherosclerosis, fatty deposits (plaques) build up in the artery 
walls and reduce blood flow. Although the heart is usually the 
focus of discussion of atherosclerosis, this disease can and usually 
does affect arteries throughout the body. When it occurs in the 
arteries supplying blood to the limbs, it causes peripheral artery 
disease. Less commonly, the cause of peripheral artery disease 
may be blood vessel inflammation, injury to the limbs, unusual 
anatomy of the ligaments or muscles, or radiation exposure. The 
main risk factor is cigarette smoking[6]. Other risk factors include 
diabetes, high blood pressure, and high blood cholesterol[7]. The 
underlying mechanism is usually atherosclerosis.  PAD is typically 
diagnosed by finding an Ankle-Brachial Index (ABI) less than 0.90, 
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which is the systolic blood pressure at the ankle divided by the 
systolic blood pressure of the arm. Duplex ultrasonography and 
angiography may also be used. Angiography is more accurate and 
allows for treatment at the same time; however, it is associated 
with greater risks. It is unclear if screening for disease is useful 
as it has not been properly studied[8]. In those with intermittent 
claudication from PAD, stopping smoking and supervised exercise 
therapy improves outcomes[9].Medications, including statins, 
ACE inhibitors, and cilostazol also may help[10]. Aspirin does not 
appear to help those with mild disease but is usually recommended 
in those with more significant disease. Anticoagulants such as 
warfarin are not typically of benefit[11]. Procedures used to treat 
the disease include bypass grafting, angioplasty, and atherectomy.

Correlation between CAD & PAD
Atherosclerosis, the most common cause of mortality and 

morbidity worldwide, is considered a generalized process which 
affects coronary, cerebral, and peripheral arteries of the lower 
extremities[12].An important issue in clinical practice is coronary 
artery involvements of the disease due to their related high rate 
of complications and mortality. Evidence indicated the relation 
between Peripheral Arterial Disease (PAD) and occurrence of 
cardiovascular disease and coronary events in patients with or 
without known Coronary Artery Disease (CAD). Moreover, PAD 
is associated with an increased incidence of multivessel and 
obstructive CAD. The mentioned relationship is independent 
of the presence of other cardiovascular risk factors[13].In most 
cases, PAD is asymptomatic and therefore underdiagnosed. 
The clinical presentations of PAD in minority of patients are 
intermittent claudication, rest pain and ulcer. Both symptomatic 
and asymptomatic PAD patients are at risk of cardiovascular 
disease and related mortality. Therefore, identifying patients with 
PAD especially those with asymptomatic disease in atherosclerotic 
disease is of high prognostic importance[14].The Ankle-Brachial 
Index (ABI), calculated by dividing the higher systolic blood 
pressure of each ankle artery by the higher systolic blood 
pressure of the upper limbsis a simple and non-invasive tool with 
high specificity and sensitivity for the diagnosis of PAD[15]. Many 
studies have also reported its predictive value in CAD in patients 
suspected of having ischemic heart disease[16].

Aims and Objectives
Severity of coronary artery disease is determined by coronary 

angiography, which is a invasive process, costly of and carries 
some risk. The aims of this study is to investigate a non-invasive 
method e.g., ABPI, if it can help to detect severity of CAD.

Study type
Cross sectional observational study.

Studyarea
Department of Cardiology, IPGME & R and SSKM Hospital.

Study population
Admitted patient with Coronary Heart diseases.

Study duration
February 2016 – August 2017 (18 months).

Inclusion criteria
a. All previously and recently diagnosed CAD patients who 
have CAG done.

b. Admitted in department of Cardiology and consented for 
the study.

Exclusion criteria
a. Unwilling to participate

b. Previous H/o PCI or CABG

c. Known history of peripheral arterial diseases 

d. Incomplete investigation

Sample size
219 Patients were recruited for the study after exclusion.

Sampling procedure
In each patient, clinical history and risk factors were assessed. 

Smokers included current and former smokers. Hypertension was 
diagnosed if systolic arterial pressure exceeded 140 mm Hg and/
or diastolic arterial pressure exceeded 90 mm Hg, or if the patient 
used antihypertensive drugs. Diabetes mellitus was diagnosed 
if plasma fasting glucose exceeded 126 mg/dL, postprandial 
or random blood sugar exceeded 200mg/dL   or if the patient 
used hypoglycemic agents. To assess the inflammatory status 
of the affected limb, before angiography all subjects underwent 
simultaneous blood sampling from the femoral vein (in the case of 
CAD_PAD the femoral vein was that of the claudicant limb), aorta, 
coronary sinus, and an antecubital vein.

Study design
Data were collected prospectively for 219 consecutive 

patients. Clinical and demographic characteristics including age; 
sex; diabetes mellitus, dyslipidemia, hypertension, Detection 
Evaluation, and Treatment of High Blood Pressure, current and 
past history of cigarette smoking; and family history of premature 
CAD were abstracted, In addition, the use of antihypertensive, 
antidiabetic, or lipid-lowering medications were used as criteria 
for hyper-tension, diabetes, and dyslipidemia, respectively.Obesity 
was defined as body mass index (BMI) >25 kg⁄m2 (WHO criteria). 
In addition to routine investigations, all patients had their HbA1C 
measured on admission, and BMI. Coronary angiography data 
were obtained from the Phillips software system database that 
includes detailed angiographic findings of all 219 patients. 
Obstructive CAD burden was assessed with the help of syntax 
score. PAD & CAD patients had an Ankle-Brachial Index (ABI) _0.90 
and referred a history of intermittent claudication. Each coronary 
lesion producing 50% diameter stenosis in vessels diameter more 
than 1.5 mm was scored separately and added together to provide 
the overall Syntax score, which was calculated prospectively using 
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the Syntax score algorithm.The Syntax score was calculated to 
all 219 patients with CAD. For comparative analysis the study 
population was divided into 3 groups on the basis of syntax score 
(group I:  - <22, group II: - 22-32, group III:  >32).

Statistical procedure
Statistical analysis was performed using the SPSS 17.0 

software package. Continuous variables were expressed as 
mean ±Standard Deviation (SD) and categorical variables were 
expressed as percentage. Differences in three group means or 
proportions were assessed using independent Pearson chi-square 
test as appropriate. Analysis was done to compare the differences 
among the three groups and to determine the factors predicting 
the presence, severity and complexity of coronary artery score. A 
2-tailed P value <0.05 was considered statistically significant for 
all analysis. To ascertain the independent contribution to changes 
in the syntax score attributable to age, blood sugar and BMI, we 
constructed a multiple linear regression model with changes in 
syntax score as the dependent variable. A P value less than 0.05 
was considered significant.

The SYNTAX score is a novel anatomical tool characterizing 
coronary vasculature. Importantly, the SYNTAX score grades the 

complexity of coronary artery disease and does not consider 
lesion treatment. The SYNTAX score described here predicts 
outcomes for patients treated with PCI but has less predictable 
value for patients undergoing treatment with bypass surgery. 
Complex lesion anatomy poses a greater technical challenge and, 
consequently, a higher risk of adverse events when treated by 
percutaneous intervention. In contrast, CABG bypasses the lesion 
and is thus less influenced by lesion complexity. Furthermore, 
the SYNTAX score is a useful tool to describe the extent of the 
coronary artery disease complexity for an individual patient, 
allows for comparison between patients, and can be used 
effectively to communicate patient disease complexity between 
physicians. The goal of the SYNTAX score is to assist the clinician 
in selecting the optimal revascularization strategy, resulting in 
the best possible outcome for the individual patient. The SYNTAX 
score of each patients was calculated from the online calculator of 
www.SYNTAX score.com.

Results
The present study consists of 219 patients. The study 

population was divided into 3 groups on the basis of Syntax score 
i.e.:  Group I-Score <22, Group II-Score 22-32, and Group III- Score 
≥33.

Table 1: Age and sex distribution according to Syntax Score.

Sex wise distribution according to Syntax Score

Group I (<22) Group II (22-32) Group III (≥33) Total

No. of Patients 94 (42.92%) 104 (47.49%) 21 (9.59%) 219

Sex
Male 63 (67.02%) 61 (58.65%) 15 (71.43%) 139 (63.47%)

Female 31 (32.98%) 43 (41.35%) 06 (28.57%) 80 (36.53%)

Age (years)
Mean 51.51 52.48 52.95 219

±SD ± 7.28 ± 7.24 ± 7.19 P value-<0.005

Table 1 shows distribution of the study population according 
to age and sex prevalence. In this study out of 219 patients Diabetes 
was present in 58 (26.48%) patients. With the increasing syntax 
score there is increasing number patients with diabetes mellitus, 
Group I- 20.21%, Group II- 30.77% and Group- III 33.33%. The 
p value between three groups for diabetes mellitus found to be 
significant (p Value = 0.002).(Figure 1). Systemic hypertension 
was present in 46 (21.00%) patients. The p value between three 
groups for hypertension found to be not significant (p Value = 
0.124). (Figure 2). Figure 3 showing the impact of dyslipidemia 
on the syntax score. In our study out of 219 patients dyslipidemia 
was present in 51 (23.29%) patients. The p value between three 
groups for dyslipideia found to be not significant (p Value = 0.110).  
Figure 4 showing the impact of Obesity on the syntax score. The p 
value between three groups for obesity found to be not significant 
(p Value = 0.121). Mean BMI was 25.47, 25,12, 25.15 in three 
groups respectively.  Figure 5 showing the impact of Smoking on 
the syntax score. The p value between three groups for smoking 
found to be significant (p Value = 0.005).  13.24% patients were 
alcoholic. The p value between three groups for alcohol found to 

be not significant (p Value = 0.223). Table 2 shows:  sex and mean 
age and ± SD value of three different groups according to ABPI. 
Although the mean age in Group-C is higher than other two groups, 
but it does not met the statistical significance with p Value 0.468.  
With the increasing ABPI there is decreasing number of patients 
with diabetes mellitus, Group A- 45.83%, Group B- 26.23% and 
Group- C 23.13%. The p value between three groups for diabetes 
mellitus found to be not significant (p Value = 0.110) according 
to ABPI (Figure 6). Figure7 showing the impact of Hypertension 
on ABPI. Systemic hypertension was present in 46 (21.00%) 
patients. The p value between three groups for hypertension 
found to be not significant (p Value = 0.125). Figure 8 showing 
the impact of Dyslipidemia on ABPI. In this study dyslipidemia 
was present in 51 (23.29%) patients. The p value between three 
groups for dyslipideia found to be not significant (p Value = 0.092) 
according to ABPI.  Obesity was present in 118 (53.88%) patients. 
The p value between three groups of ABPI for obesity found to be 
not significant (p Value = 0.170).  Figure 9 showing the impact of 
Smoking on ABPI. In our study out of 219 patients 130 (59.36%) 
patients were smokers. The p value between three groups for 
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smoking found to be not significant (p Value = 0.077) according 
to ABPI.  The impact of Alcohol on ABPI between three groups 
found to be not significant (p Value = 0.088) in this study. There 
was strong correlation found between SYNTAX score and ABPI 
with significant statistical value (r=-0.449 and p <0.001. Table 3 
&4 depicts all variable data in association with SYNTAX and ABPI 
respectively.

Figure 1: Association between Syntax Score and Diabetes 
Mellitus.

Figure 2: Showing the impact of Hypertension on Syntax Score.

Figure 3: Showing impact of Dyslipidemia on Syntax Score.

Figure 4: Showing the impact of Obesity on Syntax Score.

Figure 5: Showing the impact of Smoking on Syntax Score.
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Table 2: Age and sex distribution according to ABPI.

Sex wise distribution according to ABPI

Group A (<0.9) Group B(0.9-1.0) Group C (>1.0) Total

No. of Patients 24 (10.96%) 61 (27.85%) 134 (61.19%) 219

Sex
Male 16 (66.67%) 36 (59.02%) 87 (64.93%) 139 (63.47%)

Female 8 (33.33%) (40.98%) 47 (35.07%) 80 (36.53%)

Age

Mean age of three groups according to ABPI

Mean
Group A (<0.9) Group B (0.9-1.0) Group C (>1.0) p Value

51.164 50.113 51.441
0.468

± SD 8.018 7.476 7.008

Figure 6: Association between ABPI and Diabetes Mellitus.

Figure 7: Showing the impact of Hypertension on ABPI.

Figure 8: Showing impact of Dyslipidemia on ABPI.

Figure 9: Showing the impact of Smoking on ABPI.

Table 3: Showing Association between Syntax Score and Diabetes mellitus, Hypertension, Obesity, Dyslipidemia, smoking.

Syntax Score

Diabetes Mellitus

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group I (< 22) 19 20.21 75 79.79

0.002
Group II (22-32) 32 30.77 72 69.23

Group III (≥33) 07 33.33 14 66.67

Total 58 26.48 161 73.52
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Syntax Score

Hypertension

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group I (< 22) 19 20.21 75 79.79

0.124
Group II (22-32) 23 22.12 81 77.88

Group III (≥33) 04 19.05 17 80.95

Total 46 21.00 173 79.00

Syntax Score

Dyslipidemia

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group I (< 22) 18 19.15 76 80.85

0.110
Group II (22-32) 28 26.92 76 73.08

Group III (≥33) 5 23.81 16 76.19

Total 51 23.29 168 76.71

Syntax Score

Obesity

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group I (< 22) 58 61.70 36 38.30

0.121
Group II (22-32) 51 49.04 53 50.96

Group III (≥33) 9 42.86 12 57.14

Total 118 53.88 101 46.12

Syntax Score

Smoking

p ValueYes No

No. of Cases (%) No. of Cases (%)

Group I (< 22) 58 61.70 36 38.30

0.005
Group II (22-32) 57 54.81 47 45.19

Group III (≥33) 15 71.43 06 28.57

Total 130 59.36 89 40.64

Table 4: Showing Association between ABPI and Diabetes Mellitus, hypertension, Dyslipidemia, Obesity and smoking.

ABPI

Diabetes Mellitus

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group A (<0.9) 11 45.83 13 54.17

0.110
Group B (0.9-1.0) 16 26.23 45 73.77

Group C (>1.0) 31 23.13 103 76.87

Total 59 26.94 160 73.06

ABPI

Hypertension

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group A (<0.9) 07 29.17 17 70.83

0.125
Group B (0.9-1.0) 11 18.03 50 81.97

Group C (>1.0) 28 20.90 106 79.10

Total 46 25.57 163 74.43

ABPI

Dyslipidemia

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)
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Group A (<0.9) 07 29.17 17 70.83

0.092
Group B (0.9-1.0) 15 24.59 46 75.41

Group C (>1.0) 29 21.64 105 78.36

Total 51 23.29 168 76.71

ABPI

Obesity

p ValuePresent Absent

No. of Cases (%) No. of Cases (%)

Group A (<0.9) 11 45.83 13 54.17

0.170
Group B (0.9-1.0) 32 52.46 29 47.54

Group C (>1.0) 75 55.97 59 44.03

Total 118 53.88 101 46.12

ABPI

Smoking

p ValueYes No

No. of Cases (%) No. of Cases (%)

Group A (<0.9) 16 66.67 8 33.33

0.077
Group B (0.9-1.0) 35 57.38 26 42.62

Group C (>1.0) 79 55.97 55 41.04

Total 130 59.36 89 40.64

Discussion
Our study was carried out to find out whether the severity 

of CAD is correlated with severity of PAD as well as risk factors 
in patients with coronary artery disease- like Diabetes mellitus, 
Hypertension, smoking, advancing age, Dyslipidemia, obesity, 
family history of coronary artery disease, correlate with the severity 
of coronary atherosclerosis detected by coronary angiography, as 
they are well recognized for their association with clinical events 
and acute coronary syndromes. A number of scores have been 
described in the past for grading the severity of coronary artery 
disease on angiography like Genisini score[17], Jenkins score[18], 
syntax score and Friesingers score[19]. We used the syntax 
scoring system for assessing the coronary atherosclerotic disease 
burden. We chose this because of its simplicity and syntax score is 
widely accepted as a CAD burden marker and its prognostic value 
has been demonstrated in different clinical situations.

Three groups has been categorized according to Ankle 
brachial pressure index in this study. Group-A, B, C as patient 
having low ABPI <0.9, between 0.9 to 1 and >1 respectively. Mean 
age in Group-C is higher than other two groups, which met the 
statistical significance with p Value <0.005.  There is also gradual 
increase in mean age of patient’s syntax score in Group I to Group 
III, which met the statistical significance with p Value <0.005.
This study shows with increasing age syntax score gets increased 
and associated ABPI suggestive of PAD. The increase of severity 
of PAD with ageing could be explained by increasing incidence of 
atherosclerosis in older people, in addition to other risk factors 
of CAD. Age related changes are due to increase in fibrinogen, 
coagulation factor (V,VIII,IX,XII a), Von Willebrand factor, altered 
platelet phospholipid contents and  increased platelet activity . All 
the changes also potentiate development of atherosclerosis[20].

This result also supports the study of Bhattacharya et al[21],where 
they also found that advancing age is also a factor determining the 
increase of severity of CAD and PAD.

The impact of Diabetes Mellitus on the syntax score was 
found to be significant in this study. With the increasing syntax 
score there is increasing number patients with diabetes mellitus, 
(Group I- 20.21%, Group II- 30.77% and Group- III 33.33%.).The 
p value between three groups for diabetes mellitus found to be 
significant (p Value = 0.002).  Studies of angiographic progression 
of CAD using serial quantitative angiography to define predictors 
of severity or progression of disease burden including CASS 
registry[22]have also consistently identified diabetes as an 
independent predictor of severity or disease progression. 
Atherosclerosis affects the coronary arteries of diabetic patients 
more severely and diffusely than those of non-diabetics. Berry 
et al[23] found that fasting blood glucose, HbA 1c, and presence 
of diabetes were associated with the severity and progression of 
coronary atherosclerosis.  The impact of systemic hypertension, 
Dyslipidemia and obesity on the syntax score in this study was 
not found to be significant.  The impact of Smoking on the syntax 
score between three groups found to be significant (p Value 
= 0.005).  Alcohol was not found to be a significant causative 
association in this study.  The correlation between Syntax Score 
and ABPI and the p Value found to be significant (p Value = 
<0.001). Several previous reports showed a clear inverse relation 
between ABI and SS. This study results are similar to previous 
studies done by Korkmaz et al[24].Benyakorn et al [25]also 
demonstrated a significant negative correlation between ABI 
and SS, but theirs was a different population, which included a 
large proportion of patients with valvular disease and included 
all age groups[25].Prevalence of PAD in patients undergoing 
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PCI with CAD varies from 5% to 40% in several studies[26].
The broad range of the PAD prevalence is most likely due to the 
patients’ diverse population backgrounds, demographics, and 
manifestations of CAD. Our study demonstrates the discrete 
prevalence of PAD is 10.96% in patients undergoing CABG or 
PCI for CAD and the association between PAD and CAD severity. 
Considering that the patients with CAD and PAD who undergo PCI 
experience reduced procedural success and increased short- and 
long-term mortality[27],this high prevalence of PAD in patients 
undergoing PCI arouse the physicians to the importance of 
early detection and proper management of peripheral vascular 
diseases. ABPI measurement is widely accepted as a useful tool 
for the identification of asymptomatic PAD and as an important 
marker for systemic atherosclerosis[28]. However, ABPI may have 
limited value in patients with diabetes or chronic renal failure on 
hemodialysis as they tend to have calcified vessel walls and with 
other factor increasing vessel stiffness.

Conclusion
Our study was a cross sectional observational study, here 

study population are patients admitted in cardiology department 
for various types of CAD presentation(e.g., SIHD,STEMI,NSTE-ACS) 
without any history suggestive of PAD. We identify here 10.96% 
of patients have PAD (as evidenced by low ABPI, i.e.,<0.9). ABPI 
and CAG done for every study patients and different established 
risk factors for atherosclerosis screened. Among the established 
risk factors, we see here that only Diabetes Mellitus is significantly 
associated with increased severity of both coronary artery 
disease(i.e., high Syntax score) as well as with increased severity 
of peripheral artery disease(i.e., low ABPI). This is statistically 
significant in both the cases. Among other factors increase of age 
is statistically significantly associated with increased severity 
of coronary artery disease(i.e. high Syntax score), But not with 
Peripheral artery disease. Other factors like dyslipidemia, obesity, 
hypertension, family history of premature CAD, smoking habit 
found not to be significantly associated with severity of CAD as 
well as with PAD.

Here we also see that ABPI and Syntax score are inversely 
correlated, and it is statistically significant. So, we may conclude 
that patient who have a low ABPI,have a chance to have a severe 
coronary artery disease. This observation also supports the notion 
that atherosclerosis is a polyvascular disease and it is a generalised 
process, not limiting to any vascular territory.   The ABPI, a simple, 
and well-established method for diagnosing patients with PAD, 
can be used to predict potential hazards in patients suspected of 
having CAD in a clinical setting. The present study confirmed that 
the ABPI could predict individuals with complex lesion subtypes 
that have been demonstrated to influence procedural and in-
hospital outcomes following subsequent intervention. Low ABPI 
values indicated high Syntax score, which are potential risk factors 
for atherosclerosis and atherosclerosis-related complications 
such as cardiovascular morbidities and mortalities, stroke 

evidence, and increased rate of MS occurrence. These conclusions 
can be extended particularly to patients with DM.

Our study result is comparable with previous study results 
performed by Korkmaz et al [24]and Benyakorn et al [25] but ours 
is a small study, so further study with larger population base is 
necessary to conclude the above facts undoubtedly.

Study Limitation
Firstly,ours is a small study with only 219 study population.

Secondly, this study was an observational non-randomized 
and might be subjected to selection bias. Thirdly, the mean age 
in our study population was approximately 52 years, suggesting 
possible exclusion of elderly patients. Fourthly, we analyzed 
only the presence or absence of risk factors in calculating the 
atherosclerotic burden but not considered the duration of such 
risk factors prior to the study evaluation which might have 
significant impact on findings.
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