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Background: Raised levels of cholesterol and triglycerides are major risk factors for 
atherosclerosis, which can lead to coronary heart disease. Both the CRP and Sialic Acid levels are 
elevated in response to acute as well as chronic inflammatory conditions. This study was 
conducted to determine the serum lipid profile, CRP and Sialic Acid levels and their relationship 
with each other in healthy individuals. Methods: This was a cross-sectional study performed by 
the Department of Biochemistry, Institute of Basic Medical Sciences (IBMS), Khyber Medical 
University (KMU) Peshawar. Two hundred healthy subjects in the age group of 18–50 years of 
either gender was recruited through consecutive sampling. Blood sampling were taken from all the 
participants and analysed each for serum lipid profile, CRP and Sialic Acid levels through 
standardized methods. Results: A total of 200 individuals were included, 53.5% being male. Mean 
age was 33.39±9.76 years. Mean height was 167.86±10.8 cm. Mean weight was 66.87±11.39kg. 
Mean Hip-Waist ratio was 0.93±0.16 whereas mean BMI was 24.12±3.65. The simultaneous 
raised levels of serum lipids, CRP and Sialic Acid were observed more commonly in females as 
compared to males. CRP and Sialic Acid has got statistically significant correlation with HDL. 
Sialic Acid had statistically significant correlation with triglycerides in the study population with a 
significant p-value (<0.05), while having a non-significant correlation with total cholesterol and 
LDL. CRP had got significant correlation with total cholesterol and LDL and non-significant 
correlation with triglycerides. Conclusion: The study showed that serum CRP and Sialic Acid had 
a significant negative correlation with serum HDL. A significant positive correlation was found 
between serum Sialic Acid and triglycerides. CRP and Sialic Acid though expensive but are useful 
predictors of atherosclerotic disease.   
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INTRODUCTION 

Atherosclerosis is a major cause of disease-related 
mortality around the globe. Atherosclerosis has a 
number of risk factors associated with it: 
hypertriglyceridemia and hypercholesterolemia in 
particular are major risk factors and a positive 
correlation between dyslipidaemia and 
atherosclerosis has been described.1 However, 
recently, it has been shown that atherosclerosis is an 
inflammatory condition, a synergistic effect of 
endothelial dysfunction and inflammation results in 
responses at cellular and molecular level.2,3 These 
responses can be identified in an atherosclerotic 
plaque. Atherosclerosis results in generation of acute 
phase reactant proteins, phagocytes and cytokines in 
addition to chemotactic materials leading to 
potentiation of host-defence systems.4 

Acute phase reactants (APRs) are the 
markers of inflammation. They are synthesized in 
response to tissue damage and inflammation. During 
inflammation, their concentrations increase thousand-
fold over the normal levels. They are mainly 

produced by hepatocytes, but they can also be 
synthesized by adipocytes, fibroblasts, and 
endothelial cells. It has been shown in recent research 
that inflammation plays an important role in the 
pathogenesis of coronary artery disease and 
development of other manifestations of 
atherosclerosis. Early atherosclerotic lesions 
predominantly show abundant immune cells whose 
effector molecules play a key role in an accelerated 
progression of the atherosclerotic lesions and acute 
coronary syndromes can develop secondary to 
activation of inflammation.5 

A major acute phase reactant, C-reactive 
protein or CRP as it is commonly known, is found to 
be raised many times in acute illness. The CRP is 
elevated in response to acute as well as chronic 
inflammatory conditions6 Raised level of high-
sensitivity CRP (hs-CRP) is a reliable marker of 
inflammation in patients with atherosclerosis7. A 
number of studies have shown a strong association 
between high serum levels of CRP and future 
cardiovascular events.8 
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The association between inflammation and causation 
of diabetes mellitus has been reported earlier and 
inflammation has also been proposed as an aetiologic 
agent in the pathogenesis of diabetes mellitus, which, 
on its own, has been identified as a risk factor for 
coronary artery disease such as myocardial infarction 
in addition to ischemic cerebrovascular incidents.9–12 
Sialic acid is a “terminal component of the non-
reducing end of the carbohydrate chains of 
glycoproteins and glycolipids”.13 Plasma Sialic acid 
is another acute phase reactant which is also a strong 
predictor of the risk of coronary heart disease.14–16 

It is unlikely that the CRP or any other 
marker can actually cause coronary artery disease and 
this notion is supported by the fact that at the same 
time many different inflammatory markers have been 
found contributing to the risk of occurrence of 
coronary artery disease. Instead, circulating levels of 
all these inflammatory markers reflect the local 
inflammatory process in the vessel wall and other 
tissues including the adipose tissue. Further research 
is needed to ascertain the role played by these 
inflammatory markers in disease incidence and 
progression. This cross-sectional study was 
performed with a view to determine the lipid profile, 
CRP and Sialic acid levels and their relationship with 
each other in the healthy individuals belonging to 
Khyber-Pakhtunkhwa province of Pakistan. 

MATERIAL AND METHODS 

This cross-sectional study was conducted from 
January 1 to December 31 2013, after obtaining 
approval from ethical committee of Advanced Study 
and Research Board (ASRB) of Khyber Medical 
University (KMU) Peshawar. Two hundred (200) 
consecutive healthy subjects were recruited. Main 
centre of study was the Department of Biochemistry, 
IBMS, Khyber Medical University Peshawar. 
Individuals with chronic diseases like diabetes 
mellitus, hypertension, ischemic heart disease, cancer 
and pregnant females were excluded. Five cc of 
fasting blood sample was taken from each of the 200 
healthy individuals. Each sample was analysed for 
serum lipid profile, C-reactive protein and Sialic Acid 
levels. Lipid profile was determined by Cobas CIII 
(Roche). Estimation of CRP was done by Chemi 
Luminescence Immuno Assay (CLIA) on Lumax by 
Monobind USA, and the serum Sialic Acid level was 
determined by Natelson technique using 
spectrophotometer at the Institute of Basic Medical 
Sciences (IBMS), Khyber Medical University 
Peshawar. 

According to the guidelines of National 
Cholesterol Education Program (NCEP) Adult 
Treatment Panel III (ATP III), the reference values 
for LDL Cholesterol, HDL Cholesterol, Total 

Cholesterol and triglyceride given below in table 1 
were adopted in the present study.17 

The classification of Body Mass Index 
recommended by the Centre of Disease Control, USA 
was used as a reference for body mass index for the 
study participants.18 The criteria are in table-2. In 
table-3 are the expected values for the hs-CRP 
assay.19  

The reference values for Serum Sialic Acid 
were taken as 68.12±6.70 mg%.20 

Data was analysed using SPSS 17.0. All the 
results were presented in the form of tables and 
graphs. Mean±SD were calculated for age, 
anthropometric parameters as well as the clinical 
profile of the patients enrolled in the study. Pearson-
Correlation coefficient was used to determine 
correlation of CRP and Sialic Acid with the lipid 
profile of the study subjects. A p-value ≤0.05 was 
considered to be significant. 

RESULTS 

There was a total of 200 study participants with a 
mean age of 33.39±9.76 years. Mean height was 
167.86±10.8 cm. Mean weight was 66.87±11.39 Kg. 
Mean Hip-waist ratio was 0.93±0.16 whereas mean 
BMI was 24.12±3.65.  

The anthropometric and laboratory data are 
presented according to the sex of the study 
participants (Table-4). The simultaneous raised levels 
of serum lipids, CRP and Sialic Acid were observed 
more commonly in females as compared to males 
(Table-5).  

The correlation of serum Sialic Acid and CRP 
levels with the lipid profile of all the study population 
shows that there was a significant correlation between 
CRP levels and total cholesterol (r value= -0.17, p-
value=0.02), HDL (r value= -0.40, p-value=0.00), LDL 
levels (r value= -0.21, p-value=0.00) in the study 
population. There was no correlation between CRP 
levels and serum triglyceride levels in the study 
population. However, correlation between Sialic Acid 
and lipid profile did not follow the same pattern. For 
Sialic Acid, there was significant correlation between 
HDL (r value= -0.19, p value=0.01) and triglyceride 
levels (r value= 0.15, p-value=0.04) only. Among the 
male healthy study subjects, there was no correlation 
between Sialic Acid levels and the serum lipid profile 
while CRP levels were found to be correlated with 
HDL (r value= -0.41, p value=0.00) and LDL levels (r 
value= -0.23, p-value=0.02). Among the female 
healthy study subjects, only HDL was found to have a 
significant correlation with the CRP levels (r value= -
0.39, p-value=0.00). The Sialic Acid levels were found 
to be significantly correlated with HDL (r value= -
0.27, p-value=0.01) and triglycerides (r value= 0.25, 
p-value=0.02).  
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Table-1: Reference range of lipid profile 

Range 
Total 

cholesterol 
(mg/dl) 

High density 
lipoprotein 

(mg/dl) 

Low density 
lipoprotein 

(mg/dl) 

Triglyceride 
(mg/dl) 

Low - <40 <100 <150 
Desirable <200 - - - 
Above 
Optimal 

- - 100–129 - 

Border 
line high 

200–239 - 130–159 150–199 

High 240 >60 160–189 200–499 
Very high - - >190 500 

Table-2: BMI values according to CDC 
BMI (Kg/m2) Weight category (Kg) 

18.5–24.99 Normal weight 
25.00–29.99 Over weight 
30.00–34.99 Obese Class I 
35.00–39.99 Obese - class II 

Above 40 Morbid Obese 
Reference range of CRP Values 

Table-3: Reference values for hs-CRP in blood 
Low Risk ≤ 1.0 µg/ml 
Normal ≤ 1–3 µg/ml 

High Risk ≥ 3.0 µg/ml 

 

Table-4: Anthropometric data  

Sex Parameter Age (Year) 
Height 
(cm) 

Weight 
(Kg) 

Hip-waist 
ratio 

Body Mass Index 
(Kg/m2) 

Mean 33.24 172.24 69.94 0.99 23.95 
Standard Deviation 10.13 9.31 10.39 0.16 3.27 
Standard Error of Mean 0.97 0.90 1.00 0.016 0.31 

Males 
(n= 107) 

 
Coefficient of Variance 30.5 5.41 14.86 16.83 13.68 
Mean 33.55 162.81 63.34 0.86 24.31 
Standard Deviation 9.34 10.23 11.52 0.11 4.05 
Standard Error of Mean 0.96 1.06 1.19 0.01 0.42 

Females 
(n=93) 

Coefficient of Variance 27.85 6.28 18.2 13.81 16.7 

Table-5: Clinical profile of 107 healthy male study subjects of Khyber-Pakhtunkhwa 
given as Mean±SEM 

Sex Parameter 
Total Cholesterol 

(mg/dl) 
HDL 

(mg/dl) 
LDL 

(mg/dl) 
Triglycerides 

(mg/dl) 
CRP 

(mg/L) 
Sialic Acid 

(mg/dl) 
Mean 168.64 37.60 108.74 136.86 5.65 85.29 
SD 48.88 12.50 45.55 77.34 12.30 28.91 
Standard Error of Mean 4.72 1.20 4.40 7.47 1.18 2.79 

Males 
(n=107) 

 
Coefficient of Variance 28.98 33.25 41.89 56.50 217.3 33.90 
Mean 172.16 39.50 105.60 160.47 5.58 88.17 
Standard Deviation 48.04 11.75 38.19 102.98 8.84 27.00 
Standard Error of Mean 4.98 1.21 3.961 10.67 0.92 2.80 

Females 
(n=93) 

Coefficient of Variance 27.91 29.75 36.17 64.18 78.28 30.63 

 

DISCUSSION 

CRP and Sialic acid have statistically significant 
correlation with HDL. Low HDL, CRP and Sialic 
Acid are inflammatory/atherogenic markers. Rest of 
the other lipid profile have got different association 
with Sialic Acid and CRP. Sialic Acid has got 
statistically significant correlation with triglycerides, 
while having a non-significant correlation with total 
cholesterol and LDL. CRP has got significant 
correlation with total cholesterol and LDL. It has 
non-significant correlation with triglycerides. 

These results are similar to other results 
reported in different studies from Pakistan and 
neighbouring countries. Ichiro et al. reported that 
Serum triglycerides has a positive significant 
correlation with serum Sialic Acid and HDL 
Cholesterol showed a negative significant correlation 
in healthy subjects.21 These findings suggest that the 
serum concentration of Sialic Acid is affected by 
serum lipids. Rehnuma et al. reported that 
Bangladeshi healthy adults have a positive 
association with their serum triglycerides and 
negative association with their HDL cholesterol 

levels.22 Klisic et al. reported significantly higher 
triglycerides and hs-CRP levels together with their 
lower HDL cholesterol levels in overweight compared 
to normal weight women.23 Similarly Shivananda et al. 
found that significant correlations were observed 
between Sialic Acid concentration and cardiovascular 
risk factors like LDL and triglycerides in the diabetic 
subjects.24 Recently, Ahuja et al. reported that there was 
a significant correlation between CRP and serum lipid 
profile in patients with acute stroke.19 These results vary 
from the results of our study due to the fact that we 
found no correlation between Triglycerides and CRP 
levels, while Ahuja et al. reported a correlation between 
these two. Unlike our study, they had conducted the 
research in 100 cases of ischemic stroke and 
hypertension while this study was done on 200 healthy 
subjects. The results reported by Ahuja et al. are similar 
to the results reported by Waheed et al.25 This study 
differs from the study by Waheed et al. in that there was 
no correlation between triglycerides and CRP and that 
the study participants were 200 healthy subjects of 
Khyber-Pakhtunkhwa, while Waheed et al. recruited 30 
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patients who were already diagnosed with type 2 
diabetes mellitus.25 

It was a small-scale study and needs a bigger 
sample to calculate estimate of the population at large.  

CONCLUSION 

The study showed that serum CRP and Sialic Acid 
has a significant negative correlation with serum 
HDL. Low HDL, CRP, and Sialic Acid are 
inflammory/atherogenic markers. A significant 
positive correlation was found between serum Sialic 
Acid and triglycerides. Raised CRP and Sialic Acid 
levels are associated with low HDL. All these are 
predictors of atherosclerosis. CRP and Sialic Acid 
though expensive, so readily available HDL assay 
can be considered as a useful test in assessing the risk 
of atherosclerosis. In view of the relationship 
between triglycerides and Sialic Acid, further large-
scale studies to establish the role of Sialic Acid as a 
predictor of cardiovascular disease and its associated 
morbidity and mortality.  
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