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ABSTRACT

To identify whether inflammatory markers are good predictors of peripheral vascular disease in chronic asymptomatic 
type 2 Diabetes Mellitus patients. The reactive of the study is to identify overly sensitive inflammatory markers which 
will be useful in early detection of peripheral vascular disease in asymptomatic diabetic patients and to identify a 
simple blood test for this purpose. Total number of patients included in this study were 88. There were 31 males, 57 
female patients ranging from 30 years to 70 years, who were diagnosed to have type 2 diabetes mellitus of more than 
3years of duration. Although coronary and peripheral arterial diseases are macrovascular complications of diabetes, 
the clinical manifestations of peripheral vascular disease occur almost a decade later than coronary artery disease. 
Thus inflammatory markers serve as a sensitive tool to identify the subset of chronic diabetics who are at a high risk 
of developing peripheral vascular disease.
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INTRODUCTION 

Peripheral vascular disease (PVD) is a Major 
cause of morbidity and mortality especially 
affecting the elderly population. The prevalence 
of PVD is multifold higher in patients with 
diabetes compared with age- and sex matched 
nondiabetic subjects, and this may be because 
of hyperglycemia, hypertension, hyperlipidemia, 
platelet factors, and other factors that are 
increased in diabetic subjects. Recent estimates 
by the World Health Organization show that 
India already has the largest number of diabetic 
patients in any given country, and this trend 
will continue in the future. Several studies 
have shown that the prevalence of coronary 
artery disease (CAD) is extremely high among 
Asian Indians. Unfortunat1;11/y, there is 
extraordinarily little epidemiological data on 
PVD in Indian population. Earlier clinic-based 

reports suggested that PVD is less common 
among Indian diabetic patients in South India. 
In the available studies, the overall prevalence 
of PVD estimated in the whole population was 
3.2%, and it was 6.3% in the diabetic population. 
Thus, although prevalence of PVD is low among 
south Indian population, it is relatively high 
among those with diabetes Atherosclerotic 
vascular disease affects large- and medium 
sized arteries of most circulatory beds and is the 
leading cause of death and disability in developed 
countries. Lower-extremity atherosclerotic 
peripheral arterial disease (PAD) is a significant 
public health problem. Conventional risk factors 
known to contribute to markers in pathways 
of inflammation, thrombosis, lipoprotein 
metabolism, and oxidative stress in determining 
susceptibility to PAD is not fully defined [1-5].

Validation of novel risk markers for PAD may allow 
earlier detection, an improved understanding 
of disease etiology and progression, and the 
development of new therapies. Since PAD may 
have varying clinical presentations, a valuable 
tool for investigating novel markers for this 
disease is the ankle-brachial index (ABI), an 
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objective, reproducible, non-invasive measure 
that correlates with PAD severity. ABI=0.90 is 
95% sensitive and 90% specific for the presence 
of a=50% narrowing of a lower extremity artery 
and is used in the clinical setting to establish 
a diagnosis of PAD. ABI over time provides 
a measure of PAD progression and ABI also 
provides prognostic information. Patients with 
severe PAD (ABI=0.40) have a significantly 
decreased survival, with only 24% of patients 
alive at 12 years. In recent years, several 'novel' 
circulating marker including C-reactive protein 
(CRP), fibrinogen, lipoprotein(a) (Lp(a)), and 
homocysteine have been examined as potential 
risk factors for atherothrombotic vascular 
disease. This review will focus on role of 
inflammatory markers in predicting the onset of 
PAD before the manifestation of clinical features 
[6-9].

The term peripheral arterial disease (PAD) 
is widely used to refer to chronic arterial 
disease of the legs of atherosclerotic origin. 
Atherosclerosis is by far the most common 
cause (>90%) of arterial problems in the leg (1). 
PAD affects about 5% of the elderly population 
over 55 years in the western world (2). Several 
studies have demonstrated that inflammation is 
also involved in the development of PAD (3-9). 
Previous studies have demonstrated that PAD is 
strongly associated with elevated plasma levels 
of the inflammatory markers C reactive protein 
(CRP) and fibrinogen Moreover, other studies 
[10,11]. Accordingly, diabetes shows a high 
prevalence in the general population and is a 
crucial risk factor for cardiac and arterial disease 
[12-15]. The pivotal and crucial role played by 
inflammation in the pathophysiology of PAD has 
received much attention. Based on our current 
knowledge, we propose that inflammatory 
mediators may be involved in PAD development. 
A substantial body of evidence has accumulated 
to support a key role for inflammation in the 
development and progression of atherosclerosis. 
Several studies have investigated the association 
of various markers of vascular inflammation 
including acute phase reactants (CRP), cytokines 
(interleukin-6(IL-6)), cellular adhesion 
molecules (CAMs), white blood cell (WBC) count, 
and beta2-microglobulin, with manifestations 
of atherosclerotic vascular disease. Novel 
circulating markers that have been implicated in 
PAD [16,17].

MATERIALS AND METHOD

Study population

This study was conducted in the Department of 
Medicine of Sree Balaji Medical College, Chennai, 
Tamil Nadu during the period of August 2010 to 
August 2011.Total number of patients included 
in this study were 88. There were 31 males, 57 
female patients ranging from 30 years to 70 years, 
who were diagnosed to have type 2 diabetes 
mellitus of more than 3years of duration.
Study design

This study is a cross sectional study. This study 
is aimed to assess the role of inflammatory 
markers like high sensitivity CRP, apo A, apo-B, 
homocysteine level in asymptomatic type 2 
diabetic patients as a predictor for peripheral 
vascular disease.
Inclusion criteria

99 Male and female patients of age >30 years 
were selected.

99 Subjects who are diabetic for >3 years with 
or without treatment were included.

99 Subjects Blood Pressure should be between 
110-140/70- 90mm Hg with or without 
treatment.

99 Subjects with no history of heart disease or 
complaints related to cardiac disease like 
history of CAD, moderate to severe valvular 
disease, atrial fibrillation, or other severe 
arrhythmias and congenital heart disease 
were enrolled into the study.

99 Subject with no history of End Stage Renal 
Failure.

99 Subjects with normal Doppler study.
Exclusion criteria

99 Subjects with presence of pathological Q 
waves, LV hypertrophy on voltage criteria, 
or ST/T wave abnormalities in ECG.

99 Subjects with history of peripheral vascular 
disease

99 History of Congestive Heart Failure.

99 History of End Stage Renal Failure.

99 History of Smoking.

99 History of Alcohol.

99 Subject with uncontrolled hypertension.
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99 Patient who is not willing to participate in 
the study.

99 Individuals _who are cognitively impaired 
and/or who are unable to give informed 
consent.

99 Any other health or mental condition that 
in the Investigator's opinion may adversely 
affect the subject's ability to complete the 
study.

99 History of autoimmune disorders and 
connective tissue disorders.

RESULTS

The mean age of the study population was about 
50 years, and the mean duration of diabetes was 7 
years. The renal function tests and liver function 
tests' mean were within normal limits. The 
mean apo-A level was 96 mg/dl (with 110mg/ 
dl being the upper limit for normal) with a range 
from 0.97 to 139 mg/dl. The mean apo-B level 
was 91.8 i:ng/dl with 90mg/dl being the upper 
limit for normal. The mean homocysteine level 
was 2.8mg/dl with 1 mg/dl being the upper limit 
for normal. Our study population consisted of 
mainly middle-aged diabetics in the age group of 
40 to 60 years with a minority from below 40 years 
and above 61 years. Hence most of the people who 
were studied were middle aged diabetics with no 
major co morbid illness (Table 1).

Our study population consisted of predominantly 
female population, due to regular outpatient 
visits and compliance with follow up protocols 

by females compared to males in our study group 
(Table 2). Apo-A levels were only elevated in a 
minority of the study group (20.5%) whereas 
Apo-B levels were elevated in about (70.5 %) of 
the study group (Table 3). Overly sensitive CRP 
levels were elevated in about 64.8% of the

study population One parameter was elevated 
in almost 40 % of the study population and 
two parameters were elevated in 35 % of study 
population thus adding up to a significant 
percentage of those studied (Table 4). Table 
5 shows the Number of parameters abnormal 
levels. Table 6 and 7 Shows the APO A and TC 
levels.

Thus, from the above Figure 1 it is clear that 
Apo-B is the variable that is significantly 
elevated in 70.5% of the study population with 
a mean value of 91.8mg/dl, which is higher 
than the upper limit of normal (90 mg/dl). the 
association was statistically significant with p 
value of 0.009. hCRP was elevated in 64.8 % of 
the study population with mean value of 2.85 
mg /dl, which was significantly higher than the 
normal level (1 mg/dl). The association was 
statistically significant with a p value of <0.001. 
Apo-A value was only elevated in 20.5% of the 
study population with a mean value of 96.01 
mg/dl which is lower than the upper limit of 
normal (110 mg %). Hence hCRP and apo B were 
the variables elevated in our study population	
with a significant p value.

The above Figure 2 shows that one parameter 
was alone elevated in 39.8% of the study group 

Age group Frequency Percent
Up to 40yrs 19 21.6
41 - 50yrs 22 25

51 - 60 28 31.8
61yrs or more 19 21.6

Total 88 100

Table 1: Age groups.

Gender Frequency
Male 31 35.2

Female 57 64.8
Total 88 100

Table 2: Shows the Gender and frequency.

APO A Level Frequency Percent
Normal 70 79.5

Abnormal 18 20.5
Total 88 100

Table 3: Shows the APO levels.
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Number of parameters abnormal Frequency Percent
None 12 13.6
One 35 39.8
Two 31 35.2

Three 10 11.4
Total 88 100

Table 5: Number of parameters abnormal levels.

Variable Elevated N Mean Std. Dev Min Max F-Value P-Value

APOA mg/dl

None 12 118.18 8.1 111.1 139.2

28.16 <0.001
One 35 102.11 8.44 90.3 122.9
Two 31 89.48 7.52 77.4 109.7

Three 10 68.31 35.39 1 88.5
Total 88 96.01 19.27 1 139.2

Table 6: APO A level.

Variable Elevated N Mean Std. Dev Min Max F-Value P-Value

TC

None 12 184.08 46.61 107 256

1.99 0.122
One 5 176.71 47.24 114 345
Two 31 165.45 44.9 89 287

Three 10 142.5 34.74 106 210
Total 88 169.86 45.9 89 345

Table 7: TC levels.

Figure 1: Shows the percentage of abnormal levels.

Figure 2: Number of biochemical parameters in abnormal levels.

HCRP Level Frequency Percent
Normal 31 35.2

Abnormal 57 64.8
Total 88 100

Table 4: HCRP levels.
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and two parameters were elevated in 35.2 % 
of the study group and three parameters were 
elevated in 11.4 % of the study group and only 
13.6% of the study population had all parameters 
within normal range.

DISCUSSION

Although coronary and peripheral arterial 
diseases are macrovascular complications of 
diabetes, the clinical manifestations of peripheral 
vascular disease occur almost a decade later 
than coronary artery disease. Majority of 
patients with peripheral vascular disease have 
associated coronary artery disease, however the 
opposite isn't true. Although atherosclerosis in 
patients with diabetes is similar to that seen in 
non-diabetic patients, it is generalized, occurs 
prematurely and progresses at an accelerated 
pace. Peripheral vascular disease in -- diabetics 
differs from that in non-diabetics in many 
aspects [18].

In non-diabetics the sites of occlusion are 
usually the infra renal aorta, iliac ana superficial 
femoral arteries, with sparing of distal vessels. 
Whereas, in diabetics occlusive lesions occur 
in crural arteries, namely tibials and peroneals, 
with sparing of the arteries of the foot. This 
characteristic vascular involvement in diabetics 
had made it possible to carry out vascular 
reconstruction, where proximal vessel like 
popliteal is anastomosed to foot vessels like 
dorsalis pedis thus bypassing the obstructed tibial 
and peroneal vessels., This pedal artery bypass 
technique has led to a significant decline in the 
incidence of all levels of limb amputations .Hence 
the need to diagnose peripheral vascular disease 
in diabetics at an early stage so that prevention 
of complications by early intervention is possible 
[19]. The overall prevalence of PVD among 
Indians is considerably low as compared to the 
Western patients. Mohan et al have reported 
the prevalence of PVD in South Indian diabetics 
to be 3.9%. in Western series the prevalence 
ranges between 22 - 45%. The prevalence of 
PVD in diabetics increases with age increasing 
from 3.2% in those below 50 yrs of age to 33% 
in those above 80 yrs. of age. The prevalence of 
PVD in diabetics also increases with the duration 
of diabetes from 15% to 45% at 10 to 20 years 
respectively after the diagnosis of diabetes. In 
India, the number of diabetic patients above the 

age of 80 years or with duration of diabetes more 
than 30 years is extremely low, thus explaining 
the low prevalence of PVD in diabetics. In the 
coming years with better disease care, longevity 
of our diabetics would significantly increase, 
and it will not be surprising to see an alarming 
increasing prevalence of PVD in Indian diabetics 
[20,21].

Indian diabetics also present with peripheral 
vascular disease at an advanced stage h foot 
ulcers and advanced vascular disease where 
even limb salvage is not possible. The existing 
investigations like Doppler, duplex Doppler, ct 
angiogram, MR Angiogram all detect vascular 
disease after onset and there are no standard tests 
to diagnose peripheral vascular disease before 
the onset. we generally investigate for peripheral 
vascular disease only in a symptomatic patient 
with positive history for claudication pain 
[22-24]. In such symptomatic patients we 
also preformed serum inflammatory markers 
along with Doppler study to find out the 
association between them. we found serum 
pro inflammatory markers were significantly 
elevated in peripheral vascular disease 
patients. This was the basis for our study to be 
performed in chronic asymptomatic diabetic 
patient, as a predictor of peripheral vascular 
disease [25].

This study shows that inflammatory markers 
like hCRP, apo-A and apo-B which are sensitive 
markers for detection of peripheral vascular 
disease are also elevated in diabetics who 
do not have overt vascular disease [26-29]. 
Overly sensitive CRP was elevated in 64.8% 
of the population,20.5% of them had elevated 
apo-A and apo-B was around 70.5% of the total 
population. Among all these bio-markers apo-B 
was significantly found to be elevated in our 
study. Also it demonstrates that only 13.5% of 
the diabetic patients remain to be unaffected, 
rest all the diabetic patients showed significant 
elevation in the serum biomarkers. The main aim 
of our study is to identify the diabetic patients 
prior to this development of macrovascular 
complications using a simple screening tool [30-
33]. Hence these simple blood tests can be used 
to follow up this subset of diabetic population 
who are at high risk of development of peripheral 
vascular disease so that early intervention is 
possible.
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CONCLUSION

Inflammatory markers have been proven to have 
a role in diagnosing cardiovascular disease at an 
early stage before the onset of symptoms. They 
have also been studied extensively in peripheral 
vascular disease and found to have a role in the 
diagnosis of peripheral vascular disease at an 
early stage. In this study we have studied the 
levels of inflammatory markers in chronic 
diabetic population (>3 years) and found out 
that 2 inflammatory markers i.e., hCRP and 
apo-B were elevated in the study population. 
This subset of population is being monitored 
for the onset of peripheral vascular disease 
by using ABI and Doppler imaging. Thus, 
inflammatory markers serve as a sensitive 
tool to identify the subset of chronic diabetics 
who are at a high risk of developing peripheral 
vascular disease.
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