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Abstract 
Aims: To evaluate the relationship between inflammatory biomarkers and lipid parameters in a 
Tunisian coronary artery disease group. Material and Methods: In the study, we have included 122 
subjects with acute coronary syndrome (ACS) confirmed by coronary angiography, selected among 
patients admitted to the cardiology department and 162 subjects free of any cardiovascular dis-
ease, recruited from medical and paramedical volunteers. Lipid parameters, high sensitivity CRP 
(hsCRP) and proinflammatory cytokines (IL6, IL8 and TNFα) were determined for all patients and 
controls. Results: A highly significant difference (P < 10−3) was noted between the mean of the 
hsCRP in coronary patients (14.65 ± 9.81 mg/L) compared to controls (1.63 ± 1.75 mg/L). We note 
also a significant difference between the means of IL6 in the diseased population (11.56 ± 8.23 
pg/mL) compared to controls (2.5 ± 0.84 pg/mL) with a value of P < 10−3. The hsCRP values are 
inversely correlated with the HDLc values. No association was found between IL 8 and the various 
lipid parameters. Patients having high IL6 values had higher levels of CT and CT/HDLc ratio. This 
correlation is statistically significant. Regarding TNFα, there is a positive and significant correla-
tion with CT and LDLc. Conclusion: Significant correlation was found between inflammatory 
markers and lipids profile. This may explain the role of inflammation in the development of car-
diovascular disease. 
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1. Background 
Cardiovascular disease (CVD), mainly acute coronary syndromes, nowadays is a real public health problem 
worldwide. 

Atherosclerosis is the major cause of most diseases of the circulatory system, particularly acute coronary syn-
dromes (ACS). It is a multi-factorial disease whose genesis involves genetic and environmental determinants 
leading to aggression of the arterial wall [1]. 

The risk for ACS is even faster than it has over associated aggravating factors there. These risk factors are 
numerous and are classified as non-modifiable risk factors (age, Saxony, heredity) and modifiable risk factors 
(diabetes, dyslipidemia, smoking, hypertension, obesity, alcohol ...) [2]. 

Apart from these traditional factors, other factors for assessing the cardiovascular disease risk have been sug-
gested over the past thirty years as hyperhomocysteinemia, lipoprotein (a), chronic inflammation ... Indeed, the 
even moderate elevations of inflammatory markers such as C-reactive protein (CRP), interleukin 6 (IL6) and 
tumor necrosis factor (TNF) are increasingly considered as risk markers of CVD. 

Most epidemiological studies have highlighted the existence of a relationship between these markers and the 
increased incidence of coronary disease [3]. 

However, other authors found no association between new inflammatory markers and severity of coronary 
disease [4]. 

We propose in this study to evaluate the relationship between inflammatory biomarkers and lipid parameters 
in a Tunisian coronary artery disease group. 

2. Material and Methods 
2.1. Material 
This work was performed at the Tunis military hospital. In this prospective study we have recruited 284 indi-
viduals divided into two groups: 

Patient population: in the study we have includes 122 subjects with ACS confirmed by coronary angiography, 
selected among patients admitted to the cardiology department. 

Control population: 162 subjects free of any cardiovascular disease were recruited from medical and para-
medical volunteers. 

The study objectives and procedure were explained to all participants, before obtaining their consent to enroll 
into the study. 

2.2. Methods 
Data collection included the epidemiological, clinical and biological parameters. 

Blood samples were taken in the fasting state for at least 12 hours. 
Total cholesterol (TC), triglycerides (TG) and HDL cholesterol (HDL) were assayed using an enzymatic col-

orimetric method on the DxC800 Synchron® analyzer (Beckman Coulter, USA). 
LDL-cholesterol (LDL cholesterol) was calculated by the Friedwald formula for TG values ≤ 4.5 mmol/l. 

[LDLc (mmol/L) = CT (HDL + TG/2.18]. 
The ApoAI, ApoB and Lp (a) were measured using a nephelometric method on immunonéphlémétrique 

BNII® analyzer (Siemens, Germany). 
High sensitivity CRP (hsCRP) was measured by nephelometricanalyzer BNII® (Siemens, Germany). 
Interleukins (IL6, IL8) and tumor-necrosis factor alpha (TNFa) were assayed by immunometric method with 

chemiluminescence detection on the Immulite® 1000 (Siemens, Germany). 

2.3. Statistical Analysis 
Statistical analysis of various data collected was performed using SPSS Version 20.0 software (SPSS Inc, USA) 
for Windows (Microsoft Corporation, USA). The results are presented in absolute and percentage for qualitative 
variables and means ± standard deviations (m ± SD) for quantitative variables. 

Comparisons between quantitative variables were performed using Student’s t test. The significance level was 
set at P = 0.05. 
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The Spearman test was used to study the correlation between different parameters. 

3. Results 
3.1. Descriptive Study 
Anthropometric and clinical characteristics of the study population are shown in Table 1. 

3.2. Lipid Parameters 
We studied the different lipid parameters in both groups. The results are shown in Table 2. 

3.3. hsCRP and Proinflammatory Cytokines 
Comparing the hsCRP and proinflammatory cytokines between the two groups is shown in Table 3. 
 

Table 1. Distribution of anthropometric and clinical parameters in both groups. 

Parameters Controls (n = 162) ACS (n = 122) P 

Age (m ± SD; years) 44.75 ± 6.67 63.86 ± 10.06 <10−3 

Sex ratio (M/W) 1.45 1.71 NS 

Tobacco (%) 30.4 58.2 <10−3 

Alcohol (%) 1.2 2.5 NS 

BMI (m ± SD ; kg/m2) 26.28 ± 3.54 26.61 ± 3.84 NS 

Dyslipidemia (%) 5.4 55.7 <10−3 

Diabetes (%) 9.2 50 <10−3 

Hypertension (%) 7.4 63.1 <10−3 

M: man; W: women; ACS: Acute Coronary syndrome; NS: not significant (>0.05); n: number. 
 

Table 2. Comparison of the lipid profile between the two groups. 

Parameters Controls (n = 162) ACS (n = 122) P 

CT (mmol/L) 4.69 ± 1.16 4.58 ± 1.30 0.44 

HDLc (mmol/L) 1.13 ± 0.34 0.94 ± 0.32 <10−3 

CT/HDLc ratio 4.43 ± 1.42 4.92 ± 1.71 0.017 

LDLc (mmol/L) 2.97 ± 1.03 2.96 ± 1.18 0.931 

TG (mmol/L) 1.24 ± 0.85 1.45 ± 0.80 0.04 

Apo AI (g/L) 1.28 ± 0.33 1.23 ± 0.25 0.23 

Apo B (g/L) 0.91 ± 0.36 0.99 ± 0.31 0.063 

Apo (B/AI) ratio 0.72 ± 0.31 0.82 ± 0.26 0.008 

Lp(a) (g/L) 0.13 ± 0.14 0.36 ± 0.25 <10−3 

 
Table 3. Of hsCRP and proinflammatory cytokines mean values in the study population. 

Parameters Controls (n = 162) ACS (n = 122) P 

hsCRP (mg/L) 1.63 ± 1.75 14.65 ± 9.81 <10−3 

IL8 (pg/mL) 5.85 ± 1.41 5.34 ± 0.76 NS 

IL6 (pg/mL) 2.5 ± 0.84 11.56 ± 8.23 <10−3 

TNF (pg/mL) 6.2 ± 1.61 11.18 ± 6.83 <10−3 
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A highly significant difference (P < 10−3) was noted between the mean of the hsCRP in coronary patients 
(14.65 ± 9.81 mg/L) compared to controls (1.63 ± 1.75 mg/L). 

The difference of the IL8 averages between the ACS (5.34 ± 0.76 pg/mL) and the control groups (5.85 ± 1.41 
pg/mL) is not significant. 

We note a significant difference between theIL6 means in the diseased population (11.56 ± 8.23 pg/mL) 
compared to controls (2.5 ± 0.84 pg/mL) with a value of P < 10−3. 

Comparing TNFα values shows that there is a significant difference (P < 10−3) between coronary patients 
(11.18 ± 6.83 pg/mL) and witnesses, (6.2 ± 1.61 pg/mL). 

3.4. Correlations between Studied Parameters and Inflammatory Markers in the  
Coronary Group 

The hsCRP values are inversely correlated with the HDLc values (Figure 1). No association was found between 
IL 8 and the various lipid parameters. Patients having high IL6 values had higher levels of CT (Figure 3) and 
CT/HDL ratio (Figure 4), this correlation is statistically significant. 

Regarding TNFα, there is a positive and significant correlation with CT (Figure 5) and LDLc (Figure 6). The 
results of Spearman correlation test are shown below. 
 

 
Figure 1. Correlation between la hsCRP and HDLc. 

 

 
Figure 2. Correlation between hsCRP and CT/HDLc ratio. 
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Figure 3. Correlation between IL6 and totalcholesterol. 

 

 
Figure 4. Correlation betweenIL6 and CT/HDLc ratio. 

 

 
Figure 5. Correlation between TNF and total cholesterol. 
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Figure 6. Correlation between TNFα and LDLc. 

4. Discussion 
ACS are multi-factorial diseases. They are the result of the synergistic combination of several risk factors. The 
role of inflammation has been widely debated. 

The analysis of our study shows an IL6 average significantly higher in coronary patients compared with con-
trols. 

Several studies [5]-[7] have shown that IL6 and other pro-inflammatory cytokines were significantly in-
creased in patients with acute coronary syndrome. 

Other studies [8] [9] reported that the IL6 is a poor prognostic factor and can identify high cardiovascular risk 
patients. 

The IL-6 is a cytokine secreted by many cell types and in particular by the macrophages and smooth muscle 
cells of the atherosclerotic lesion [10]. Indeed, IL-6 stimulates the expression of endothelial adhesion proteins 
associated with chemokines to promote inflammatory cells adhesion and platelet aggregation resulting in the 
theatheromatous plaque formation. On the other hand, IL-6 can activate complement, which affects thenitric 
oxide production and endothelin-1, resulting in endothelial dysfunction. IL-6 promotes the expression of Plas-
minogen Activator Inhibitor 1 (PAI-1) contributing to coagulation disorders and thrombus formation [11]. 

In our series, the average of TNFα was significantly higher in coronary patients compared with controls. 
It has been shown that theTNF plasma level correlates with the load of atherosclerosis assessed by carotid ul-

trasound [12]. A Saraux et al. [13] reported that treatment with anti-TNF reduces inflammation and subse-
quently decreases cardiovascular risk. 

TNFa is a pro-inflammatory cytokine secreted by monocytes macrophages, lymphocytes and mast cells and 
macrophages involved in the atherosclerotic plaque. He is involved in the production of chemokines, IL6 and 
CRP and leukocyte recruitment during the inflammatory response [14]. 

The analysis of our results showed a significant difference hsCRP rate in coronary patients compared with 
controls. 

Several studies have shown that hsCRP is not only a marker of inflammation but also is a direct cause of car-
diovascular disease [15]-[17]. 

CRP is characterized by its pro-atherogenic effects. Indeed, CRP acts on vascular endothelial cells by activat-
ing adhesion and promoting the LDLc aggregation. These actions, coupled with pro-inflammatory properties, 
cause a deleterious effect on the vascular wall and are directly involved in atherogenesis [18]. 

It has been experimentally demonstrated that CRP specifically binds to the oxidized LDLc and particularly 
LDLc present within atherosclerotic plaques [19]. Furthermore, the addition of CRP to LDLc in cell culture sys-
tems showed a stimulation of the foam cells production, which is a typical feature of atherosclerotic plaques 
[20]. CRP decreased actively the eNOS expression and activity (endothelial nitric oxide synthase) in epithelial 
cells [21] and encouraged endothelial cells to produce greater concentrations of Plasminogen Activator Inhibi-
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tor-1 [22]. 
The analysis of our results showed a negative linear correlation between CRPus and HDLc (r = −0.250 and P 

< 0.05). 
Our results are consistent with other studies that have reported a negative correlation between the plasma 

concentration of HDLc and that of hsCRP in patients with low HDLc levels, but not in those with normal or 
elevated HDLc levels [23] [24]. 

Mascarenhas F-Melo and al [25] have also shown that low HDLc is strongly associated with a high concen-
tration of hsCRP. 

These results are similar to those obtained by Wadham C et al. [26] who reported that HDL inhibitshs CRP 
and reduces the expression of inflammatory cell adhesion proteins. 

Similarly, other studies [27] have also indicated that HDL inhibits cytokines induce expression of inflamma-
tory adhesion molecules in endothelial cells. These results demonstrate potent anti-inflammatory capacity of 
HDL, which could explain the protective effect of HDL against atherogenesis. 

The hsCRP is associated with a disorder of lipid profile such as an increase in total cholesterol, triglycerides 
and LDL cholesterol and lower HDL. But the mechanism is not entirely clear. Further studies are needed to as-
sess the relationship between hsCRP and lipid profile [28]. 

In our study, we found a positive linear correlation betweenTNFα plasma levels with total cholesterol (r = 
0.327 and P < 10−3) and LDLc (r = 0.205 and P < 0.05). 

Demimbras B et al. [29] have found that the TNFα correlates positively with triglycerides and negatively with 
HDLc in patients with myocardial infarction. 

Jovinge S et al. [30] found that TNFa is positively associated with total cholesterol, LDL cholesterol and TG 
while it is negatively associated with HDLc in hyperlipidemic patients. 

TNFa interferes with lipid homeostasis and activates the pro-atherogenic pathological processes [31]. 
TNFa may directly alter lipid metabolism by inhibiting the free fatty acids absorption and lipogenesis and 

stimulation of their release via lipolysis. This contributes to dyslipidemia [32]. 
Our results shows a positive linear correlation between IL6, total cholesterol (P < 10−3) and TC/HDLc ratio (P 

< 0.05). 
Vijaya BM et al. [33] found a positive correlation between IL-6 and total cholesterol, triglycerides, LDL cho-

lesterol and a negative correlation with HDLc in patients with hypertension. These researchers considered as 
dyslipidemia contributes to increased IL6 rates. 

Several authors have suggested that IL6 with other pro-inflammatory cytokines can influence HDLc levels of 
by modifying the triglycerides lipase activity [34]. 

In addition, it has been shown that proinflammatory cytokines inhibit LPL activity and enhance the lipolytic 
activity of endothelial lipase. These two actions are associated with low levels of HDLc during the acute or 
chronic inflammatory state [35] [36]. 

5. Conclusions 
In this study, a significant correlation was found between inflammatory markers and lipid profiles. This may ex-
plain the role of inflammation in the development of cardiovascular disease. 

Inflammatory markers values can be related to an increase of the extent of coronary artery disease and there-
fore the degree of severity of the disease. 

These markers may also have a potential role in predicting the severity of coronary artery disease. We pro-
pose their use in clinical practice not only as predictive biomarkers of cardiovascular events but also for the 
screening and management of high-risk patients. 
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