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Background & objectives: The association between adiponectin and risk of cardiovascular disease is well 
known. The aim of the present study was to evaluate adiponectin and certain inflammatory markers and 
to determine the correlations between them in angiographically proven coronary artery disease (CAD) 
in subjects with and without diabetes.
Methods: A total of 180 subjects who underwent coronary angiography for symptoms suggestive of CAD 
were categorised into groups based on their diabetes and/or CAD status: group1 (non-diabetic non-
CAD); group2 (non-diabetic CAD); group3 (diabetic non-CAD) and group4 (diabetic CAD). Adiponectin, 
tumour necrosis factor α (TNF-α) and soluble form of E-selectin (sE-selectin) were estimated using 
quantitative sandwich enzyme immunoassay and high sensitive C-reactive protein (hsCRP) by particle 
enhanced immunoturbidimetric method.
Results: Adiponectin levels were significantly lower in subjects with either diabetes or CAD and were 
much lower in subjects who had both. hsCRP was elevated in CAD and diabetes but did not differ 
significantly between groups. sE-selectin and TNF-α levels were elevated in CAD. Adiponectin negatively 
correlated with age, glucose, sE-selectin, total and LDL cholesterol. hsCRP correlated with BMI, sE-
selectin and urea. sE-selectin correlated with BMI, triglycerides and VLDL cholesterol, whereas TNF-α 
correlated with fasting plasma glucose. In the logistic regression analysis, adiponectin had a significant 
inverse association with CAD. sE-selectin and TNF-α also showed significant independent association 
with CAD.
Interpretation & conclusions: Adiponectin and other inflammatory markers such as sE-selectin and 
TNF-α showed a significant association with CAD. Hence, early assessment of such markers can help to 
identify high risk patients, and to reduce the inflammatory component of diabetes and CAD.
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	 Cardiovascular disease (CVD) is the leading cause 
of mortality and morbidity among patients with type 2 
diabetes. Also, diabetes is associated with an increased 
risk for cardiovascular events1. South Asians especially 
might have an underlying proinflammatory state that 
contributes to their increased risk for both type 2 
diabetes and CVD2. Typical Asian Indian phenotype 
which includes increased insulin resistance, higher 
waist circumference despite lower body mass index, 
lower adiponectin and higher high sensitive C-reactive 
protein (hsCRP) makes Indians more prone to diabetes 
and premature coronary artery disease (CAD)3.

 Secretion of various bioactive substances from 
adipose tissue, conceptualized as adipocytokines, has 
been widely recognized to play a contributory role 
in insulin resistance, diabetes and CVD4. In contrast 
to circulating inflammatory factors, adiponectin has 
anti-diabetic, anti-atherogenic and anti-inflammatory 
properties5. Lower adiponectin levels were found to be 
associated with obesity6, type 2 diabetes and CAD7,8.

 Evidence suggests that arterial inflammation plays 
a pivotal role in the atherosclerotic process9. Elevated 
levels of circulating inflammatory markers like hsCRP, 
tumour necrosis factor alpha (TNF-α) and cellular 
adhesion molecules are associated with increased 
CVD risk10. Of these markers which are implicated in 
atherosclerotic process, CRP has been widely studied 
because of its easy measurement. Interleukin-6 (IL-6) 
and TNF-α are the main inducers of the secretion of 
CRP in the liver. TNF-α is also reported to promote 
inflammatory cell infiltration by upregulating leukocyte 
adhesion molecules on endothelial cells11.

 E-selectin is a cell adhesion molecule expressed 
on endothelial cells at inflammation sites and plays a 
crucial role in monocyte trafficking. Soluble forms of 
E-selectin are significantly increased in patients with 
different inflammatory or malignant diseases and in 
diabetes12. An earlier report in Asian Indians showed 
the association of risk variables such as apolipoproteins, 
lipoprotein (a), oxidized low density lipoprotein (LDL) 
antibodies, fibrinogen and plasminogen activator 
inhibitor-1 with angiographically proven CAD13. There 
is also substantial evidence to show that low circulating 
adiponectin levels are associated with an increased risk 
of CAD, but there are limited data available from India on 
the association of adiponectin and inflammatory markers 
in angiographically proven CAD. Hence, the present 
study was planned to evaluate the adiponectin levels 
and certain inflammatory markers in angiographically 

proven CAD patients with and without diabetes 
from India. We also assessed the correlation between 
adiponectin concentration and inflammatory markers 
along with selected anthropometric, haemodynamic 
and biochemical parameters.

Material & Methods

 The study group consisted of 180 (M:F 113:67) 
consecutively recruited subjects aged above 25 years 
who underwent coronary angiography at Apollo 
Hospitals, Chennai, Tamil Nadu, India for typical or 
atypical chest pain or symptoms suggestive of CAD 
from February 2009 to April 2010. Subjects with 
severe renal or hepatic diseases were excluded, since 
these conditions are known to influence the biomarker 
levels. All the subjects underwent catheterization 
procedure. Subjects without any electrocardiographic 
or echocardiographic evidence of myocardial infarction 
(MI) and with angiographically proven normal coronary 
arteries were considered as non-CAD subjects. Subjects 
with echocardiographic evidence of MI and obstructive 
lesions (≥50%) in any of the coronary arteries or their 
branches were considered as having CAD14. The 
severity of coronary stenosis was determined by the 
cardiologist using Quantitative Coronary Analysis15. 
Diabetes was diagnosed if the fasting plasma glucose 
was ≥126 mg/dl (7 mmol/l) or if there was a definite 
history of diabetes with records of treatment. Glucose 
tolerance was classified as normal if the fasting plasma 
glucose was <100 mg/dl (5.5 mmol/l). Hypertension 
was defined as systolic blood pressure ≥140 mmhg 
and/or diastolic blood pressure ≥90 mmhg and/or 
history of antihypertensive therapy. Written informed 
consent was obtained from all the study subjects and 
the ethics committees of the Prof. M. Viswanathan 
Diabetes Research Centre and the Apollo hospitals 
approved the study.

 The study subjects were grouped as follows: group 
1, non-diabetic non-CAD (non-DM/non-CAD); group 
2, non-diabetic CAD (non-DM/CAD); group 3, diabetic 
non-CAD (DM/non-CAD) and group 4, diabetic CAD 
(DM/CAD). The subjects were further divided as 
non-CAD (group 1 and group 3) and CAD (group 2 
and group 4) and non-DM (group 1 and group 2) and 
DM (group 3 and group 4) groups. height and weight 
were measured and body mass index (BMI kg/m2) 
was calculated. Demographic details, clinical history, 
family history of diabetes and details of ischaemic heart 
disease, hypertension, smoking, alcohol consumption 
and food habits were recorded.



 All biochemical investigations were done at the 
M.V. Hospital for Diabetes, Chennai.

HbA1c and lipids: Blood samples (9 ml) for biochemical 
investigations were collected from the subjects after a 
12-hour overnight fast. Plasma glucose was estimated 
by glucose oxidase peroxidase method16. Glycosylated 
haemoglobin (HbA1c) was estimated by high-pressure 
liquid chromatography method using variant TuRBO 
machine (BIORAD, uSA). Fasting serum samples were 
used for estimation of total cholesterol, triglycerides, 
high density lipoprotein cholesterol (HDL-C) and low 
density lipoprotein cholesterol (LDL-C)17. Ratios of 
total cholesterol to HDL-C and LDL-C to HDL-C were 
calculated. Estimation of all the lipid parameters was 
done using standard enzymatic procedures.

Adiponectin: Adiponectin was estimated in plasma, 
stored at −70°C until assayed, by using the quantitative 
sandwich enzyme immunoassay technique (Quantikine 
R&D systems, Inc, Minneapolis, uSA). The lowest 
detection limit for adiponectin ranged from 0.079–
0.891 ng/ml. The intra-assay variations were <4.7 per 
cent.

High sensitive C-reactive protein (hsCRP): hsCRP 
was estimated in serum samples using particle 
enhanced immunoturbidimetric method (Dia Sys 
Diagnostic Systems GmbH, Germany) by photometric  
measurement of antigen–antibody reaction of antibodies 
to human CRP bound to polystyrene particles with CRP 
present in the sample. The measuring range of hsCRP 
ranged between 0.05–20mg/l.

Tumour necrosis factor-alpha (TNF-α): TNF-α was 
estimated in serum, stored at −70°C until assayed, 
by the quantitative sandwich enzyme immunoassay 
procedure using a commercial kit supplied by R&D 
systems (Quantikine R&D systems, Inc, Minneapolis, 
uSA). The lowest detection limit for TNF-α ranged 
from 0.5–5.5 pg/ml. The intra-assay and inter-assay 
coefficients of variations were <5.2 per cent and <7.4 
per cent, respectively.

Soluble E-selectin (sE-selectin): Soluble form of 
E-selectin (sE-selectin) was estimated in plasma, stored 
at −70°C until assayed, by the quantitative sandwich 
enzyme immunoassay procedure using a commercial kit 
supplied by R&D systems (Quantikine R&D systems, 
Inc, Minneapolis, uSA). The lowest detection limit for 
sE-selectin ranged from 0.003–0.027 ng/ml. The intra-
assay and inter-assay coefficients of variations were 
<6.6 per cent and <8.7 per cent, respectively.

Statistical analysis: All statistical analyses were 
performed using SPSS 16.0 version software (SPSS 
Inc. Illinois, uSA) and Stata (8.0 version), (Texas, 
USA). Data were expressed as mean ± SD or median 
(range). For multiple group comparisons ANOVA with 
Post hoc analysis using Tukey’s hSD procedure was 
used. Non-parametric analysis of variance (Kruskal-
Wallis) was applied for non-normally distributed 
values. Independent ‘t’ test or Mann-Whitney u tests 
were used for group comparison as appropriate and 
asymptomatic (2-tailed) P values were considered for 
significant differences. Proportions are reported for 
categorical variables and chi-square test was used to 
compare the significant differences between the groups. 
yate’s correction was done for variables (smoking, 
alcohol consumption, education status, family 
income) prior to Chi-square test. The relationship 
between adiponectin, inflammatory markers and other 
variables was tested by Pearson correlation or non-
parametric Kendall’s correlation test. All the groups 
were combined for correlation analysis. Binary logistic 
regression analysis was done by adjusting diabetes and 
MI to identify the association of the anthropometric, 
haemodynamic and biochemical variables with CAD. 
univariate analysis was done first and the independent 
variables that had a P value <0.2 on univariate analysis 
were used for binary logistic regression analysis. 
A few patients underwent coronary angiography 
in the context of history of MI and also presence of 
diabetes might interfere with inflammatory marker 
levels. Hence, logistic regression analysis was done 
by adjusting DM and MI. The dependent variable was 
CAD. The independent variables entered were age, 
gender, BMI, systolic and diastolic blood pressure, 
smoking, adiponectin, hsCRP, sE-selectin and TNF-α. 
The variables were dichotomized either as yes and No 
or as continuous variables. P <0.05 was considered as 
significant.

Results

 Among the CAD subjects, 52(52%) had angina, 
31(30.7%) had a history of MI, 13(13.3%) underwent 
coronary artery bypass graft (CABG), 1(1.3%) 
underwent percutaneous transluminal coronary 
angioplasty (PTCA), and 3(2.7%) had left ventricular 
dysfunction:

 Table I shows the comparison of the demographic, 
anthropometric and clinical details of the four study 
groups. Age and body mass index differed significantly 
between the study groups. Both systolic and diastolic 
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Table I. Demographic, anthropometric and clinical details of the study groups

Variables Non-DM/ Non-CAD
(N = 40)

M : F
26 : 14

Non-DM/CAD
(N = 55)

M : F
40 :15

DM/Non-CAD
(N = 40)

M : F
19 : 21

DM/CAD
(N = 45)

M : F
28 : 17

P value

Age (yr)*$ 47 ± 9.9 54.1 ± 9.1a 53.8 ± 7.7a 57.4 ± 8.8a <0.0001

BMI (kg/m2)*$ 26 ± 3.9 24.7 ± 2.9 27.3 ± 4.7b 25.3 ± 3.7 0.01

Blood pressure mm/Hg*$

Systolic
Diastolic

129.5 ± 13.9
82.8 ± 8.5

128.6 ± 15.2
81.6 ± 8.3

133.3 ± 16.7
83.8 ± 7.9

128.7 ± 16.3
83.2 ± 9.1

0.504
0.74

Values are n (%)

Presence of hypertension† 24 (60) 22 (40) 26 (65) 24 (53.3) 0.06

Positive family history†

Diabetes
Ischaemic heart disease
hypertension

7 (17.5)
6 (15)

7 (17.5)

10 (18.2)
12 (21.8)
11 (20)

11 (27.5)
10 (25)
9 (22.5)

15 (33.3)
10 (22.2)
11 (24.4)

0.305
0.87
0.98

Education status#

Primary/high School
Graduates/PG
Technical
Professional

28 (70)
12 (30)

---
---

29 (52.7)
23 ( 41.8)

2 (3.6)
1 (1.8)

28 (70)
10 (25)
1 (2.5)
1 (2.5)

28 (62.2)
14 (31.1)
2 (4.4)
1 (2.2)

0.43

Family income (`)#

<10,000
10,000–25,000
>25,000

31 (77.5)
5 (12.5)
4 (10.0)

30 (54.5)
21 (38.2)
4 (7.3)

30 (75)
7 (17.5)
3 (7.5)

22 (48.9)
13 (28.9)
10 (22.2)

0.007

Personal habits# 

Alcohol
Smoking

2 (5)
4 (10)

8 (14.5)
15 (27.3)

4 (10)
7 (17.5)

7 (15.6)
12 (26.7)

0.51
0.16

*Values are mean ± SD 
P<0.01; avs non-DM/non-CAD; bvs non-DM/CAD
Tests of significance between groups ($ANOVA; †chi-square test; #chi-square with yate’s correction factor)

mean blood pressure values and presence of 
hypertension were similar between the groups. Positive 
family history of diabetes, ischaemic heart disease and 
hypertension were similar in the study groups. Family 
income showed significant difference between the 
groups. More than 50 per cent of the subjects had a 
family income of less than `10,000. Education status, 
rates of smoking and alcohol consumption were similar 
between the groups.

 Table II shows the comparison of biochemical 
parameters between the different study groups. Fasting 
and post-prandial glucose levels and HbA1c per cent 
were significantly higher in the group of subjects who 

had presence of diabetes compared to those without 
diabetes. Urea levels were similar whereas creatinine 
levels differed between the groups with higher levels 
in the group of patients who had presence of CAD. 
Hb levels were significantly different between the 
groups (P=0.007). Even though the Hb levels were 
within the normal range, subjects with diabetes had 
slightly lower values compared to other groups. There 
was a difference in LDL-cholesterol with slightly 
lower levels in the group of patients with presence of 
either diabetes or CAD. Adiponectin levels showed 
significant difference between the study groups 
(P<0.001). Adiponectin levels were significantly 
higher in non-diabetic and non-CAD group, whereas 
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Table II. Comparison of levels of adiponectin and inflammatory markers in different study groups

Variables Non-DM/ Non-CAD
(N = 40)

M : F
26 : 14

Non-DM/CAD
(N = 55)

M : F
40 :15

DM/Non-CAD
(N = 40)

M : F
19 : 21

DM/CAD
(N = 45)

M : F
28 : 17

P value

Plasma glucose (mmol/l)

Fasting
Post-prandial

5.37 ± 0.35
7.03 ± 1.16

5.39 ± 0.5
6.66 ± 1.30

7.84 ± 3.02a,b

11.5 ± 0.24a,b
7.58 ± 1.82a,b

12.25 ± 4.14a,b
<0.001
<0.001

hbA1c (%) 5.4 ± 0.35 5.7 ± 0.14 8.2 ± 1.8 8.3 ± 1.9 0.07

Urea (mmol/l) 4.1 ± 1.53 4.5 ± 1.63 4.25 ± 1.8 4.57 ± 1.65 0.53

Creatinine (µmol/l) 79.6 ± 19.4 88.4 ± 20.3a 75.1 ± 16.8 85.7 ± 19.4a 0.004

hb (%) 13.3 ± 1.9 13.7 ± 1.7 12.5 ± 1.4b 12.8 ± 1.5 0.007

Total cholesterol (mmol/l) 4.28 ± 0.94 3.86 ± 1.13 3.72 ± 1.03 3.88 ± 0.9 0.096

Triglycerides (mmol/l) 1.74 ± 0.66 1.70 ± 0.76 1.95 ± 0.89 1.77 ± 0.83 0.504

LDL – cholesterol (mmol/l) 2.7 ± 0.81 2.31 ± 0.89 2.1 ± 0.75a 2.31 ± 0.75 0.013

hDL cholesterol (mmol/l) 0.95 ± 0.24 0.85 ± 0.23 0.98 ± 0.32 0.96 ± 0.2 0.049

VLDL-cholesterol (mmol/l) 0.79 ± 0.30 0.78 ± 0.35 0.89 ± 0.40 0.81 ± 0.38 0.504

Total cholesterol / HDL-cholesterol 4.7 ± 1.4 4.9 ± 2.7 3.9 ± 0.99b 4.2 ± 1.2 0.038
LDL-cholesterol/HDL-cholesterol 2.98 ± 1.2 3.0 ± 2.3 2.2 ± 0.8 2.5 ± 0.89 0.053
Adiponectin (µg/ml)* 9.9 (4.2–17.6) 3.0 (0.8–8.1)a 4.1 (0.9–7.5)a 2.5 (0.92–5.9)a,b <0.001
hsCRP (mg/l)* 2.5 (0.1–39.8) 3.3 (0.1–37.4) 3.5 (0.2–40.5) 3.7 (0.3–35.7) 0.773
sE-selectin (ng/ml)* 24.0 (14–41) 33.8 (12–40)a 34 (22–40)a 36.4 (22–48)a <0.001
TNF-α (pg/ml)* 24.2 (6.0–144) 26.5 (4.2–290) 25.4 (2.1–295) 28.3 (6–295) 0.05
Values are mean ± SD
*Values are median (range)
aP<0.0001; vs non-DM/non-CAD, bP<0.04; vs non-DM/CAD
LDL, low density lipoprotein; HDL, high density lipoprotein; VLDL, very low density lipoprotein; TNF- α, tumour necrosis  
factor-alpha; hsCRP, high sensitive C - reactive protein

the levels were lower in the group of subjects with 
CAD either in the presence or absence of diabetes. 
The values were much lower in the subjects who had 
presence of both diabetes and CAD. hsCRP levels were 
elevated in CAD and diabetes group but did not differ 
significantly between the study groups. Concentrations 
of sE-selectin were significantly higher in groups with 
diabetes or CAD (P<0.001). sE-selectin and TNF-α 
levels were elevated in all the groups irrespective of 
presence of either CAD or diabetes compared to non-
DM non-CAD group.

 The demographic, anthropometric and biochemical 
parameters of the subjects in the non-CAD and CAD 
groups are shown in Table III. Age and BMI differed 
significantly between these two groups. Subjects with 

CAD were older than those with non-CAD (P<0.001). 
Mean values of systolic and diastolic blood pressure 
were similar between the groups. Also, fasting and 
postprandial plasma glucose levels and hbA1c per 
cent values did not differ significantly between the 
groups. Mean urea levels also were similar, while 
the levels of creatinine were significantly higher 
(P<0.001) in the CAD group compared to the non-
CAD group. The levels of all the lipid parameters were 
also similar between the groups. Adiponectin values 
were significantly lower (P<0.001) in the CAD group 
compared to the non-CAD group. The levels of hsCRP 
were elevated in CAD, but did not differ significantly 
between the groups, whereas sE-selectin levels were 
significantly higher in the CAD group (P=0.011) 
compared to the non-CAD group. Similarly, TNF-α 
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levels were also significantly higher (P=0.009) in the 
CAD group compared to the non-CAD group.

 Diabetic subjects (DM group) were older than non-
diabetic subjects (non-DM) (55.7±8.5 vs 51±10.1 years) 
(P<0.001). Subjects in the DM group had significantly 
lower levels of adiponectin compared to the subjects in 
the non-DM group [3.6 (0.9–7.5) vs 5.5 (0.8–17.6)µg/
ml] (P<0.0001), whereas hsCRP levels were similar 
between the groups [non-DM vs DM; 2.8 (0.1–39.8) 
vs 3.5 (0.2–40.5) mg/l]. The levels of sE-selectin were 
significantly higher in the DM group compared to the 
non-DM group [(34 (22–48) vs 31.6 (12–41) ng/ml)] 
(P<0.001). TNF-α levels were elevated in the DM 
group but did not show statistical significance [(24 
(2.1–295) vs 26 (4.2–290) pg/ml)].

 Table IV shows the correlation matrix of  
adiponectin, hsCRP, TNF-α and sE-selectin with 
anthropometric, haemodynamic and biochemical 

variables. Among the total subjects, adiponectin 
negatively correlated with age (r = −0.245, P<0.001), 
fasting plasma glucose (r = −0.257, P = 0.001), 
post-prandial plasma glucose (r = −0.184, P = 0.02), 
sE-selectin (r= −0.94, P<0.001), urea (r = −0.156, 
P=0.049), total cholesterol (r = −0.160, P = 0.043) and 
LDL-cholesterol (r= −0.203, P = 0.01). hsCRP showed 
significant correlation with BMI (r =0.153, P = 0.005), 
sE-selectin (r = 0.136, P = 0.013) and urea levels (r = 
0.229, P=0.004). TNF-α correlated with fasting plasma 
glucose (r = 0.176, P = 0.028). sE-selectin correlated 
with BMI (r= 0.124, P=0.02), triglycerides (r = 0.206, 
P = 0.01) and VLDL-cholesterol (r = 0.206, P = 0.01).

 The binary logistic regression analysis showed 
significant inverse association of adiponectin with CAD 
[odds ratio (OR) 0.46 (0.34–0.64) (95% confidence 
interval (CI), P<0.001). Inflammatory markers such as 
sE-selectin [OR 1.19 (1.07–1.33) (95% CI), P=0.001)] 

Table III. Demographic, anthropometric and biochemical details in non-CAD and CAD groups
Variables Non-CAD

(N = 80)
CAD

(N = 100)
P  

value
Age (yr) 50.2 ± 9.5 55.6 ± 9.0 < 0.001
BMI (kg/m2) 26.6 ± 4.3 24.9 ± 3.3 0.004
Blood pressure (mm/Hg)
Systolic 
Diastolic 

131.3 ± 15.3
83 ± 8.2

128.7± 15.6
82.3 ± 8.7

0.274
0.576

Plasma glucose (mmol/l)
Fasting
Post-prandial 

6.54 ± 2.42
9.15 ± 3.76

6.37 ± 1.67
9.15 ± 4.03

0.59
0.99

hbA1c (%) 7.7 ± 1.9 8.0 ± 1.9 0.67
Urea (mmol/l) 4.18 ± 1.65 4.54 ± 1.65 0.16
Creatinine (µmol/l) 76.9 ± 17.7 87.5 ± 19.4 < 0.001
Total cholesterol (mmol/l) 4.02 ± 1.02 3.87 ± 1.05 0.36
Triglycerides (mmol/l) 1.84 ± 0.78 1.74 ± 0.79 0.407
LDL cholesterol (mmol/l) 2.42 ± 0.83 2.31 ± 0.82 0.42
hDL cholesterol (mmol/l) 0.97 ± 0.28 0.90 ± 0.22 0.078
VLDL-cholesterol (mmol/l) 0.84 ± 0.36 0.79 ± 0.36 0.41
Total choleseterol/ hDL cholesterol 4.3 ± 1.3 4.6 ± 2.2 0.35
LDL-cholesterol/HDL-cholesterol 2.6 ± 1.1 2.8 ± 1.8 0.52
Adiponectin (µg/ml)* 6.0 (0.9 - 17.6) 3.0 (0.8 - 11.9) <0.001
hsCRP (mg/l)* 3.1 (0.2 - 39.8) 3.3 (0.1 - 40.5) 0.738
sE-selectin (ng/ml)* 32.1 (14 - 41) 34 (12 - 48) 0.011
TNF-α (pg/ml)* 22 (2.1 - 290) 27 (4.2 - 295) 0.009
Values are mean ± SD
*Values are median (range)
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and TNF-α [OR 1.02 (1.0–1.03) (95% CI), P=0.002)] 
also showed significant independent association with 
CAD. Male sex (OR 3.86 (0.99–15.1) (95% CI), 
P=0.05)] just failed to reach statistical significance 
(Table V).

Discussion

 In the present study, we investigated the levels of 
adiponectin and certain inflammatory markers such 
as hsCRP, TNF-α and sE-selectin in angiographically 
proven CAD, in non-diabetic and diabetic subjects 
in India. The current study revealed that adiponectin 
levels were significantly lower in subjects with CAD. 
Diabetic subjects irrespective of presence or absence 
of CAD had lower adiponectin levels compared to non-
diabetic non-CAD group of subjects. sE-selectin and 
TNF-α levels were elevated in the subjects with either 
CAD or diabetes. Adiponectin showed a significant 
inverse association with CAD. The odds ratio was 
highest for sE-selectin (OR 1.19) followed by TNF-α 
(OR 1.02). Adiponectin negatively correlated with sE-

selectin. hsCRP also showed significant correlation 
with sE-selectin. 

 Various studies have documented that adiponectin 
levels are decreased in type 2 diabetic patients with 
CAD. hypoadiponectinaemia and increased hsCRP 
are seen in Asian Indians compared to Caucasians18,19. 
Moreover, Indo-Asians were found to have lower 
adiponectin levels compared with Caucasians20. hotta 
et al7 showed significantly lower plasma adiponectin 
levels in patients with type 2 diabetes and CAD, than 
in patients with diabetes and without CAD. Kumada 
et al8 demonstrated that hypoadiponectinaemia (<4µg/
ml) was independently associated with the presence 
of CAD after adjustment for other well-known 
CAD risk factors in men. In our study, adiponectin 
negatively correlated with age, fasting and post-
prandial glucose levels, sE-selectin, total cholesterol 
and LDL-cholesterol. This indicates that increasing 
age and poor glycaemic control are negatively 
associated with adiponectin. In contrary to the above 
finding, adiponectin levels were shown to correlate 

Table IV. Correlation matrix of adiponectin, hsCRP, TNF-α and sE-selectin with anthropometric, haemodynamic and biochemical 
variables
Variables Adiponectin hsCRP TNF-α sE-selectin

r P r P r P r P
Age −0.245 <0.001 0.013 0.817 0.091 0.099 0.059 0.286

BMI 0.005 0.919 0.153 0.005 0.001 0.987 0.124 0.022

Blood pressure

Systolic
Diastolic

−0.014
−0.022

0.856
0.779

0.116
0.003

0.149
0.975

0.017
0.045

0.829
0.578

0.045
0.033

0.575
0.687

Plasma glucose
Fasting
Post-prandial

−0.257
−0.184

0.001
0.020

0.125
0.042

0.119
0.606

0.176
0.051

0.028
0.527

0.116
0.151

0.148
0.06

hbA1c −0.097 0.603 0.089 0.632 0.101 0.589 0.240 0.193
Urea −0.156 0.049 0.229 0.004 0.118 0.141 0.093 0.250
Total cholesterol
Triglycerides
LDL- cholesterol
HDL- cholesterol
VLDL- cholesterol

−0.160
−0.061
−0.203
−0.042
0.061

0.043
0.442
0.010
0.601
0.442

0.100
0.081
0.110

−0.022
0.081

0.213
0.312
0.170
0.787
0.312

0.091
0.059
0.086

−0.020
0.060

0.259
0.466
0.283
0.805
0.400

0.053
0.206
0.023

−0.051
0.206

0.514
0.01
0.777
0.529
0.010

hsCRP −0.043 0.427 – – – – – –

TNF-α −0.085 0.121 0.074 0.176 – – – –

sE-selectin −0.194 <0.001 0.136 0.013 0.028 0.612 – –
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negatively with BMI, CRP, insulin, triglycerides and 
positively with HDL-cholesterol21,22. Other reports 
from India also showed low adiponectin levels in 
patients with diabetes or metabolic syndrome23,24. 
Mohan et al24 reported that lower adiponectin levels 
were associated with the metabolic syndrome and its 
components, particularly, diabetes and dyslipidaemia 
in Asian Indians, a high risk group for premature 
coronary artery disease and diabetes. Therefore, it is 
likely that adiponectin could be beneficial and high 
levels of circulating adiponectin would confer vascular 
protection; it inhibits TNF-α stimulated expression of 
adhesion molecules on endothelial cells and prevents 
the development of atherosclerosis. Thus, adiponectin 
may function as a therapeutic target for diabetic 
patients with and without CAD. In contrast to the above 
findings, adiponectin showed no significant association 
with later development of coronary heart disease in 
prospective studies25,26.

 In many studies hsCRP has been shown to be 
associated with diabetes and CAD, but there is lack of 
data on the association of adiponectin and hsCRP in CAD 
patients with and without diabetes in high risk Indian 
population. In the present study, hsCRP levels were 
elevated in CAD and diabetic subjects but no significant 
difference existed in hsCRP levels between the study 
groups. This may be accounted for by the small sample 
size. hsCRP did not show any significant correlation 
with adiponectin in this study but was correlated with 
sE-selectin, BMI and urea levels. In men and women 
who participated in the Health Professionals follow-

up study and Nurses’ Health study, elevated levels of 
inflammatory markers, particularly CRP, indicated an 
increased risk of CAD. The levels of CRP remained 
a significant contributor to the prediction of coronary 
heart disease27. Another study showed that men with 
type 2 diabetes without CAD had CRP levels similar 
with non-diabetic CAD patients, whereas CRP levels 
of diabetic patients with CAD were higher than in non-
diabetic men with CAD28. A similar observation was 
noted in our study.

 In the binary logistic regression analysis, hsCRP 
did not show significant association with CAD in our 
study. Although hsCRP has been extensively studied, 
recent evidence suggests that, besides CRP, other 
inflammatory biomarkers may have a potential role for 
the prediction of risk of CAD and severity of CAD29.

 Soluble form of E-selectin in plasma was found to 
be significantly higher in patients with coronary artery 
disease and impaired glucose metabolism12. The levels 
of inflammatory markers of endothelial damage such 
as sP-selectin, sE-selectin and sPECAM-1 did not 
differ significantly in cases as compared to controls 
in young cases of MI in a study30. Our study showed 
that sE-selectin levels were elevated in CAD and 
diabetic patients compared to non-diabetic non-CAD 
group. The odds ratio was highest for sE-selectin. sE-
selectin correlated with BMI, triglycerides and VLDL-
cholesterol. The inflammatory markers are significantly 
correlated with the body mass index which needs to be 
targeted to reduce inflammatory component.

Table V. Results of the binary logistic regression analysis dependent variable : CAD adjusted for DM and MI

Variables β SEβ Odds ratio (95% confidence interval) P value

Age (yr) 0.02 0.04 1.02 (0.95-1.1) 0.59

Gender (male) 1.35 0.69 3.86 (0.99-15.1) 0.05

Systolic blood pressure (mm hg) 0.036 0.025 0.96 (0.92-1.01) 0.152

Diastolic blood pressure (mm hg) 0.005 0.047 1.0 (0.92-1.1) 0.919

BMI (kg/m2) 0.157 0.095 0.86 (0.71-1.03) 0.099

hsCRP (mg/l) 0.04 0.03 0.97 (0.9-1.03) 0.26

sE-selectin (ng/ml) 0.18 0.06 1.19 (1.07-1.33) 0.001

TNF-α (pg/ml) 0.02 0.006 1.02 (1.0-1.03) 0.002

Adiponectin (µg/ml) -0.77 0.17 0.46 (0.34-0.64) <0.0001

Smoking 0.224 0.80 0.8 (0.16-3.9) 0.781
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 The group of subjects with diabetes and CAD 
had significantly higher levels of TNF-α compared 
to other study groups. TNF-α correlated significantly 
with fasting plasma glucose in the present study. In 
another study in north Indians, TNF-α concentrations 
were significantly higher in patients with acute MI 
(86.9 ± 4.7 pg/ml) compared to controls (7.1 ± 0.67 
pg/ml)31. The present study results and all the above 
reports on cytokines underline the role of immune 
processes in the pathogenesis of CAD in the Indian 
scenario.

 Markers of systemic inflammation can predict 
future cardiovascular events. So identification of 
newer or novel risk markers facilitates early detection 
and thereby leads to risk reduction. These biomarkers 
provide independent diagnostic and prognostic value 
of underlying disease condition. Thus, measurement 
of certain inflammatory markers can help to identify 
high risk patients and intervention with improvement 
in lifestyle or therapy may reduce the inflammatory 
component of the disease.

 One of the main limitations of the present study 
was the small sample size. This might have led to lack 
of power to detect significant associations. The small 
sample size could also be responsible for the fact that 
hsCRP did not show significant association in patients 
with established CAD. Another limitation was that 
it was not a prospective study which examined the 
causative association or identification of subjects with 
future risk of CAD. The limited information on drugs 
might possibly affect the reported results, especially 
in the case of hsCRP which can be modified by 
statins.

 In conclusion, the current study highlighted that 
subjects with CAD had lower adiponectin levels. 
hsCRP did not show significant association with 
CAD. Inflammatory markers such as sE-selectin and 
TNF-α levels were elevated in CAD. Adiponectin 
levels were also decreased in subjects with diabetes 
as reported in the literature. These observations have 
implication that adiponectin and other inflammatory 
markers can be used to identify at risk patients and 
treat aggressively.
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