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Abstract 
Background: Peripheral Arterial Disease is used to describe the impairment of blood flow to extremities as 

a result of atherosclerotic occlusive disease. Patients with vascular disease have a high risk of mortality, 

primarily from cardiovascular disease. D-dimer is a product of fibrin degradation by plasmin. Elevated 

levels of D-dimers are usually considered as marker of increased clotting activity, increased risk of severe 

atherosclerosis and increased risk of vascular complications. 

Aims: To study the correlation of D-dimer with the severity of peripheral vascular disease.  

Material and Methods: A prospective study was conducted in the General Surgery Department to study 

the correlation of D-dimer with peripheral arterial disease. Patients with ankle brachial index <0.9 were 

identified and investigated for D-dimer levels in their blood.  

Statistical Analysis: Categorical variables were presented in number and percentage (%) and continuous 

variables were presented as mean ± SD and median. Normality of data was tested by Kolmogorov-Smirnov 

test. If the normality was rejected then non-parametric test was used.  

Results: A total of 50 patients were included in the study. The study of the demographic details of patients 

showed increased severity of PAD with increasing age and a male preponderance. Smoking as a risk factor 

with severity of PAD and diabetes was found to be the most frequently associated co morbidity with PAD. 

However, no positive correlation could be found between D-dimer levels and co- morbidities, diabetes, 

hypertension, CAD, CVD and renal disease. D-dimer levels did not correlate with the severity of PAD. 

Conclusion: A similar study needs to be done on a larger scale with a more sensitive quantitative 

estimation of D-dimer levels to yield statistically significant results correlating D- dimer levels with the 

severity of PAD. 
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Introduction  

Peripheral arterial disease (PAD) is atherosclerosis leading to narrowing of the major arteries 

distal to the aortic arch. Progressive occlusion results in arterial stenosis, reduced blood flow, 

and claudication, the most common presenting symptom. The most common presenting 

symptom is claudication; however, only 10% of patients have classic claudication [1]. The 

measurement of blood pressure at the ankle was proposed as a test for PAD as early as 1950 [2] 

and led to the development of the ankle-brachial index (ABI). ABI has now become to be the 

most practical means of demonstrating the presence and severity of PAD. Then many studies 

were done to study the correlation of biomarkers with the severity of PAD. D-dimer is one such 

biomarker. The D-dimer antigen is a unique marker of fibrin degradation. D-dimer antigen is the 

most frequently used indicator of blood coagulation activation. The first studies on the use of D-

dimer antigen assays for exclusion of venous thrombosis were published in 1987 [3]. The 

relationship between blood coagulation and atherogenesis has been studied and proven that 

hypercoagulability tends to increase atherosclerosis. 

Fibrinolysis of fibrin results into degradation products such as the d- dimers. Although D-dimer 

fragments can be considered to be a marker of fibrinolysis, degradation of fibrin cannot occur 

without preceding thrombin generation. D-dimers are commonly assessed as markers of ongoing 

thrombin generation. In general, the plasma levels of these markers are elevated in relation to the 

extent of atherosclerosis, and have been predictive of cardiovascular events [4]. A 

pathophysiological explanation for the association between high plasma D-dimer levels and the
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Increased risk of arterial thrombotic events is that D-dimer is 

part of the so-called inflammation-coagulation-axis. It has been 

suggested that the generation of several haemostatic enzymes 

such as thrombin and the increase in fibrin contribute to 

atherosclerosis progression and modulation of the plaque 

phenotype. It may be assumed that more the vascular burden of 

fibrin greater are the amount of fibrin cleavage fragments, due to 

ongoing fibrinolysis, in patients with extensive atherosclerosis [5] 

with an increased severity of PAD. Therefore, raised D-dimer 

levels are associated with severe PAD. Since there were very 

few studies in the Indian population to correlate the levels of D-

dimer with the severity of PAD, we conducted this study. 
 

Aim and Objective 

To study the correlation of D-dimer with severity of peripheral 

arterial disease. 

 

Material and Methods  

Study Design  

A prospective observational study was conducted in the General 

Surgery department of tertiary care center of North India to 

study the correlation of D-dimer with severity of peripheral 

arterial disease. The study was done after taking necessary 

permissions from the hospital ethics committee. All consecutive 

patients reporting to our tertiary care center satisfying the 

inclusion criteria were included in the study Patients with ankle 

brachial index <0.9 were identified and investigated for d-dimer 

levels in their blood. Data was collected from all the consecutive 

patients admitted in General Surgery department over a period 

of one and half years (from 15th December 2015 to 14th June 

2017). 

 

Inclusion Criteria 

All consecutive patients admitted in the General Surgery 

department with symptoms suggestive of peripheral arterial 

disease such as claudication pain, rest pain and ankle brachial 

index <0.9 were taken for the study. 

 

Exclusion Criteria 

1. Patients with ABI ≥0.9 were excluded. 

2. Patients with bleeding disorders, coagulopathy, DVT. 

3. Patients who did not give consent for study were excluded. 

 

Methodology 

ABI measurement 

The ankle-brachial index (ABI) is a simple, noninvasive tool 

used to screen for peripheral arterial disease (PAD. 

Measurement of the ABI can be easily performed using a blood 

pressure (BP) cuff and handheld Doppler device Bistoshidop 8 

Mhz. Systolic BP is determined in both arms and both ankles.   

We then divided the higher of the two systolic pressures for each 

leg by the higher of the two arm pressures to get the right and 

left ABI. 

 
Table 1: Interpretation of ABPI with respect to disease 

 

Ankle Brachial Index report Interpretation 

≤0.9 Peripheral arterial disease 

0.91 to 0.99 Borderline 

1.0-1.4 Normal 

>1.4 Non compressible arteries 

 

On the basis of ABI patients were further classified as having 

mild, moderate or severe PAD as follows: 

Table 2: Criteria used to decide the severity of PAD in study 
 

Ankle Brachial Index report Interpretation 

0.71 to 0.90 Mild peripheral arterial disease 

0.41 to.70 Moderate peripheral arterial disease 

<0.40 Severe peripheral arterial disease 

 

Blood-collection  
Two ml EDTA plasma specimens were collected. 

 

D-dimer levels 

Tulip XL FDP KIT was used. XL FDP slide test for detection of 

cross linked fibrin degradation products is based on the principle 

of agglutination. The test specimen (plasma) was mixed with XL 

FDP latex reagent. The sensitivity of the reagent is ≈200 ng/ml, 

below which samples are negative and above which samples 

give a positive agglutination reaction. The time taken for 

agglutination to occur was noted and interpreted as follows [6]. 

 
Table 3: Time taken for agglutination to occur 

 :  

D-dimer report Interpretation 

Absent No agglutination 

1 + 1 min 30 sec- 2 min 

2 + 1min - 1 min 30 sec 

3 + 30 sec – 1 min 

4 + 0-30 sec 

 

Sample Size 

On the basis of previous study, prevalence of PAD in adult 

population was 12%. Taking this value as reference, the 

minimum required sample size with 10% margin of error and 

5% level of significance is 41 patients. Hence the total sample 

size taken was 50. 

Formula used was:- 

N ≥ ((p (1 -p) (ME/zα) 2 

Where Zα is value of Z at two sided alpha error of 5%, ME is 

margin of error and p is prevalence rate. 

 

Statistical Analysis 

Statistical tests were applied as follows- 

1. Quantitative variables were compared using ANOVA/ 

Kruskalwallis test (when the data sets were not normally 

distributed) between the three groups. 

2. Qualitative variables were correlated using Chi-Square test 

/Fisher’s exact test. 

3. Univariate and multivariate ordinal regression was used to 

assess the association of parameters with severity. 

 

A p value of <0.05 was considered statistically significant. 

The data was entered in MS EXCEL spreadsheet and analysis 

was done using Statistical Package for Social Sciences (SPSS) 

version 21.0. 

 

Informed Consent 

All patients were informed about the purpose of study prior to 

enrollment and written consent was taken. 

 

Result and Analysis 

This was a prospective study comprises of 50 patients of either 

sex 18 years of age or more who presented with peripheral 

arterial occlusive disease. Patients were assessed on the basis of 

history, clinical examination and relevant investigations done 

were noted in the data sheet according to the proforma.  

The data was collected, analysed and the results are as follows: 
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Age: The peak incidence of PAD is found to be in the age group 

from 51-60 years. 32% were in the age group 51 to 60 yrs, 28% 

aged 61 – 70% and 16% aged >70 yrs. Patients in the age group 

between 61-70 years tend to have more severe disease. Criqui et 

al. showed that the prevalence of PAD was 5.6% in persons 

aged 51 to 60 years, 15.9% in persons aged 61 to 70 years old, 

and 33.8% in persons aged >70 years old [7] Hager et al. showed 

high D-dimer levels in elderly subjects [8]. But in our study there 

here was no statistically significant (p=0.923) correlation 

between age of the patient and d dimer levels 

 

Gender 

In our study out of the total 50 patients, there were 40 males and 

10 females with females comprising 20%. A similar male: 

female ratio of 4:1 was shown in a study by Schroll et al., [9] D 

dimer showed a trend towards statistical difference by gender 

(median value 188for men and 210 for women, p 5. 04 for levels 

of d-dimer) in a study by Pieper et al., [10] This was contradictory 

to our study which did not show a statistically significant 

correlation. 
 

 

Risk factors for PAD 

Smoking 

Smoking is found to be major risk in our patients with PAD. Out 

of 50 patients 21 patients were smokers comprising 42% of the 

study population. Among the smokers 45.83% had severe 

disease. Smoking is one of the strongest risk factors for PAD in 

virtually all studies. In a study by Joosten et al. 44% of smokers 

had PAD [11]. This is comparable to the results of our study. 
 

Diabetes Mellitus 

In our study diabetes mellitus was a significant risk factor found 

to be associated with 56% of our patients. Out of 50 patients, 28 

patients had diabetes mellitus. In NHANES, 26% of participants 

with PAD were identified as having diabetes [12].  
 

Hypertension 

Our study also found a strong association of hypertension with 

PAD. Out of 50 patients, 24 patients (48%) had systemic 

hypertension. Almost every study has shown a strong 

association between hypertension and PAD, and as many as 

50% of patients with PAD had hypertension in a study by Olin 

et al., [13] 

 
Table 4: Correlation of D-dimer with severity of PAD 

 

D-Dimer 
Severity 

Total P Value 
Mild Moderate Severe 

1+ 

2+ 

3+ 

4+ 

Negative 

Total 

4(19.05%) 

8(38.10%) 

3(14.29%) 

2(9.52%) 

4(19.05%) 

21(100.00%) 

1(20.00%) 

3(60.00%) 

0(0.00%) 

1(20.00%) 

0(0.00%) 

5(100.00%) 

4(16.67%) 

11(45.83%) 

5(20.83%) 

1(4.17%) 

3(12.50%) 

24(100.00%) 

9(18.00%) 

22(44.00%) 

8(16.00%) 

4(8.00%) 

7(14.00%) 

50(100.00%) 

0.853 

 

There was no statistically significant (p=0.835) correlation 

between ankle brachial index and D-Dimer levels. 

 

 
 

Fig 1: Correlation of D-dimer with severity of PAD 

 

Discussion  

Peripheral artery disease (PAD), which comprises 

atherosclerosis of the abdominal aorta, iliac, and lower-

extremity arteries, is under diagnosed and undertreated. Patients 

with PAD may present with problems, such as claudication, 

ischemic rest pain, ischemic ulcerations, repeated 

hospitalizations, revascularizations, and limb loss. This may lead 

to a poor quality of life. 

In this prospective prevalence study conducted in patients 

seeking care at our medical college for peripheral arterial 

disease, we aimed at determining the correlation of D-dimer 

with severity of peripheral arterial disease of lower limb. A total 

of 50 patients were included in the study. Patients were assessed 

on the basis of history, clinical examination and relevant 

investigations done were noted in the data sheet. Ankle Brachial 

Index was calculated for each leg. A blood sample was drawn 

and D-dimer levels were checked using a latex agglutination 

test. D-Dimer and co-relation was done with the severity of 

PAD. 

D-dimer has been shown to be elevated in patients with 

peripheral arterial disease. D-dimer levels have also been shown 

to relate to the severity of the atherosclerosis14. Elevated levels 

of D-dimers are usually considered as a marker of increased 

clotting activity. This assumption is one of the key elements of 

the controversy regarding cause and consequence of 

hypercoagulability. Indeed, Herren et al. observed increased 

levels of D-dimer in patients with PAD, correlating with severity 

of disease15. The first study that assessed the value of D-dimer as 

an independent predictor for arterial thrombotic events was 

performed in 1993 by Fowkes et al., [16] An elevated D-dimer 

has been associated with a lower ABI [17]. Increased fibrin D-

dimer reflecting an overall increased coagulation has been 

demonstrated in patients with PAD [18]. A study by Fowkes et al. 

had suggested that D-dimer was independently associated with a 

reduction in ABI16. There are very few studies done in Indian 

population to correlate D-dimer levels with severity of PAD. 

Hence we undertook this study. However in our study there is no 

significant correlation between D-dimer and the severity of PAD 

as shown by ankle brachial index. A similar study by Buyzere et 

al. also failed to show a significant correlation between D-dimer 

and the severity of PAD [19]. Among our study population there 

was a significant coexistence of comorbidities, 28 patients were 

diabetics, 24 were hypertensive and one patient had CVD. The 

multiple medications taken by these patients could have 
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confounded the correlation of d-dimer levels with severity of 

PAD. According to a study by Kocas et al. Latex agglutination 

assay (semi-quantitative) D-dimer analysis is less specific than 

quantitative analysis in diagnosing pulmonary thromboembolism 
[20]. Hence a similar limitation due to the use of the less sensitive 

semi quantitative assay can also be a reason for failure of 

correlation of the D-dimer levels with severity of PAD. 

A study would have to be conducted in a larger population and 

D-Dimer levels will have to be estimated using the more 

sensitive quantitative assays to establish a better correlation 

between D-dimer levels and the severity of PAD. 

 

Conclusion 

Our study done among 50 patients diagnosed with PAD aimed 

to study the correlation of D-dimer levels with the severity of 

PAD. We summarize our conclusions as follows that the study 

of the demographic details of patients showed increased severity 

of PAD with increasing age and a male preponderance. We 

found a strong association of smoking as a risk factor with 

severity of PAD and diabetes was found to be the most 

frequently associated co morbidity with PAD. However no 

positive correlation could be found between D-dimer levels and 

the co- morbidities, diabetes, hypertension, CAD, CVD and 

renal disease. D-dimer levels did not correlate with the severity 

of PAD. A similar study would have to be done on a larger scale 

with a more sensitive quantitative estimation of D-dimer levels 

to yield statistically significant results correlating D- dimer 

levels with the severity of PAD. The study population should not 

have co- morbidities to avoid confounding D-dimer levels by the 

medications taken by these patients to treat their comorbidities. 
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