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ABSTRACT 
 

Aim: To find out the association between serum Thrombomodulin (TM) & serum C-reactive protein 
(CRP) in identifying individuals at risk of ischemic heart disease (IHD) in Pakistani population 
Methods: This cross sectional study was conducted on population of Karachi, Pakistan. A total of 96 
subjects were randomly selected and were divided into 3 groups i.e., group A= (control group), group 
B= (Myocardial Infarction [MI] Patients), group C (Unstable Angina [UA] patients). Each group consists 
of 32 subjects/patients respectively. The diagnoses were made on the basis of history, E.C.G. & serum 
Troponin I levels.  Serum thrombomodulin (TM), Serum C reactive protein (CRP) were determined by 
ELISA Kit methods. Independent sample t-testwas conducted for comparison of serum 
thrombomodulin (TM) level & serum C reactive protein (CRP) levels between these groups. Pearson 
Correlation Co-Efficient were used to calculate the co relation between Serum thrombomodulin (TM) 
and Serum C reactive protein (CRP) levels 
Results: Serum Thrombomodulin levels were significantly higher in control group (p-value 0.00), 
whereas, Serum CRP, BMI, Blood pressure, serum L.D.L. cholesterol and serum total cholesterol 
levels were significantly higher in diseased group. 
Conclusion: The Present study suggests that serum TM levels were high in control group in 
comparison with diseased group, whereas serum CRP levels were high in diseased group, suggesting 
inverse relationship between serum TM & CRP in predicting ischemic heart disease 
Keywords: Thrombomodulin (TM), C Reactive Protein (CRP), Myocardial Infarction (MI), unstable 

angina (UA). 

 

INTRODUCTION 
 

The inner lining of all the blood vessels comprised of 
single layer of flattened, orthogonal cells called as 
endothelium. It plays a key role through the release 
of various mediators in the equilibrium of hemostasis, 
fibrinolysis, regulation of vessel tone and permeability 
as well as synthesis of growth factor

1
. Endothelial 

cells protect vessel not only by providing a 
mechanical lining but also by controlling a vascular 
tone through the release of vasodilators such as nitric 
oxide (NO) and prostacyclin. It alsoplays a role in the 
process of clotting by releasingcertain prothrombotic 
agents including von Willebrand factor, factor V, 
plasminogen activator inhibitor and tissue factor. 
These cells also produce a number of anti-coagulant 
factors. In healthy environment there is a balanced 
secretion of these products which maintains the 
integrity of the surface, ensuring protection of the 
vessel wall and providing a healthy flow. Vascular 
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damage disturbs the balance and initiates the 
process of atherosclerosis

2,3,4
. Therefore a defense 

mechanism against thrombosis occurs via natural 
anticoagulant. The major natural anticoagulants 
involved are: 

 Protein C pathway, which inhibit factor Va and 
VIIIa. 

 Tissue factor pathway inhibitor, which blocks 
tissue factor-factor VII initiation of coagulation. 

 Heparin: antithrombin pathway, which is most 
effective at inhibiting thrombin but also 
inactivates factor IXa, Xa, XI 

 Thrombomodulin: a natural anticoagulantthat 
inhibits thrombin formation

5,6
. 

Thrombomodulin (TM) is a transmembrane 
protein expressed on the surface of the endothelial 
cells

7
.TM binds with thrombin and forms a complex 

that activates Protein C. This activated protein C after 
its detachment from TM binds with platelet surface 
protein S where it degrades activated factor V and VII 
thus inhibiting the blood clotting mechanism. 
Therefore TM plays a key role in preventing thrombus 
formation

8
. 

Chronic inflammation causes release of several 
inflammatory markers such as CRP, interleukin 6 and 
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18, tumor necrosis factor α, ICAM-1, E-selectin and 
acute phase reactants related to coagulation 
pathway. All are increased in blood predicting the 
cardiovascular events

9-14
. 

C-reactive protein is a 115 Kda acute phase 
protein of the pentraxin family of Ca-dependent 
ligand binding protein in serum

15
. It is a marker of 

systemic inflammation and has been identified as a 
risk factor for coronary artery disease

16-18
. Studies on 

diabetic and coronary artery disease patient shows 
that high sensitivity C-reactive protein (CRP) was a 
significant predictor for cardiac events and mortality

19-

23
. 

As the thromboembolic events are the major 
cause of death around the world, different studies 
conducted in different regions of the world have 
shown the role of thrombomodulin & CRP in the risk 
assessment of coronary artery disease. Therefore the 
aim of present study is to find out the association 
between serum Thrombomodulin (TM) & serum C-
reactive protein (CRP) in identifying individuals at risk 
of ischemic heart disease (IHD) in Pakistani 
population 
 

MATERIAL & METHODS  
 

This cross sectional study was conducted at Tabba 
Heart Institute (THI) Karachi, Pakistan. 32 healthy 
subjects were compared with 32 patients with history 
of myocardial infarction (M.I.) & 32 patients with 
history of unstable angina (U.A.). All of these were 
recruited from April to December 2010by random 
sampling. They were divided into 3 groups. 
Group A (n=32): Control Group i.e., apparently 
healthy subjects.   
Group B (n=32): Patients with history of Acute 
Myocardial Infarction. (Diagnosed on the basis of 
history, E.C.G. & Troponin I levels). 
Group C (n=32): Patients with history of Unstable 
Angina. (Diagnosed on the basis of history, E.C.G. & 
Troponin I levels). 

Patients with the history of unstable angina 
(UA), Myocardial Infarction (MI),hypertensions are 
included in the study. Patients with the history of 
diabetes, smoker, chronic liver or renal disease and 
cancers are excluded from the study.  

Blood samples of all participants were obtained 
in 4-5ml serum separator tube by a well-
trainedphlebotomist. The tubes were then centrifuged 
at 1500 g for 10 minutes.  The obtained serum was 
separated and immediately frozen and stored in 
aliquots at -70ºC pending analysis. Serum 
Thrombomodulin levels were later determined by an 
enzyme-linked immunosorbent assay. (Cusa Biotech 
Co. Ltd China), while the serum CRP & lipid profile 
were measured by ELISA (Roche Hitachi 912).   

Obtained data were recorded and statistically 
analyzed through statistical package for social 
sciences (SPSS version 16). Mean and standard 
deviation of continuous variables were computed 
while frequencies for categorical variables were also 
determined. Independent sample t-test was used to 
compare the mean among 3 groups. P-value of 

0˂.05 was considered as statistically significant.  
 

RESULTS 
 

Table 1 shows that BMI, systolic blood pressure and 
values of serum LDL, serum total Cholesterol & 
serum CRP were higher in diseased (MI) group as 
compared to normal, in contrast to  serum TM levels, 
which were high in control group when compared 
with diseased group    
Table 2 almost shows the similar characteristics that 
systolic & Diastolic blood pressure,   serum LDL, 
serum total Cholesterol & serum CRP were fairly high 
in diseased (UA) group when compares with normal, 
in contrast to  serum TM levels, which were higher in 
control when compared to diseased group   

 
Table 1: Base- Line Characteristics of the patients with Myocardial Infarction and Control Group  

Characteristics Control (n=32) MI (n=32) p- Value 

Age (Yrs.) 49.95 57.69 --- 

Body mass index (Kg/m
2
) 24.26 26.88 0.0 

Systolic blood pressure  (mmHg) 124.75 137.06 0.0 

Diastolic blood pressure (mmHg) 79.12 84.34 0.012 

HDL-Chol (mg/dl) 40.43 37.4 0.083 

LDL-Chol (mg/dl) 121.63 163.27 0.003 

Cholesterol(mg/dl) 200.54 239.40 0.00 

TM (ng/ml) 8.25 4.18 0.00 

CRP(mg/L) 2.81 21.19 0.00 
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Table 2: Base- Line Characteristics of the patients with Un-Stable Angina and Control Group  

Characteristics Control (n=32) UA (n=32) p-Value 

Age (Yrs.) 49.95 53.78 -- 

Body mass index  (Kg/m
2
) 24.26 25.49 0.082 

Systolic blood pressure  (mmHg) 124.75 140.53 0.0 

Diastolic blood pressure (mmHg) 79.12 86.96 0.0 

HDL-Chol (mg/dl) 40.43 38.09 0.206 

LDL-Chol (mg/dl) 121.63 143.56 0.002 

Cholesterol(mg/dl) 200.54 245.97 0.00 

TM (ng/ml) 8.25 4.99 0.003 

CRP(mg/L) 2.81 20.60 0.00 
Pearson correlation co-efficient: Statistically significant correlation was found between thrombomodulin and CRP levels (r =-.339,p= .001). 

 

DISCUSSION 
 

The present study suggest that raised  serum TM 
levels in control group confers protection against 
ischemic heart disease , whereas raised  serum CRP 
levels in diseased group predicts the   incidence of 
ischemic heart disease. Different studies conducted 
in different regions showed conflicting results. 
Karakas M et al

24 
in their study mentioned that serum 

CRP & serum TM levels were raised in cases as 
compared to controls. Thorand et al (2006)

25
 also 

showed that level of TM were lowered in patients with 
history of myocardial infarction, whereas the level of 
CRP were elevated in subjects with increased 
TC/HDL ratio. The raised CRP in diseased group is 
obvious as inflammation causes formation, 
progression and rupture of atherosclerotic plaque

26,27
. 

This feature were also mentioned by Konstantolas et 
al 20004

28
 as well as Mezaki et al

29 
& Danesh at el

30
. 

The level of serum TM in ischemic heart disease & in 
control subject is controversial. Sir Salomma et al 
1999

31
, WU 2003

32
, mentioned the raised TM in 

control as compared to diseased group, whereas 
Mezaki et al. (2003)

29
,
 

Chan et al. (2006)
33

 and 
Huang et al. (2008)

34
 showed the contrasting results. 

Therefore in the light of these results the study 
should be considered on a large scale including the 
different ethnic groups of Pakistan in order to 
correlate the importance of these markers in the 
incidence of Ischemic heart disease (IHD).  
 

CONCLUSION 
 

A high serum TM level predicts as a defensive 
marker and high CRP in disease group predicts onset 
of ischemic heart disease. 
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