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An elevated homocysteine (Hcy) level is considered to be a 
risk factor for the development of atherosclerosis. It has 

been suggested that Hcy influences endothelial function lead-
ing to a prothrombotic environment, platelet activation and 
endothelial leukocyte interactions (1). In addition, Hcy 
enhances inflammatory responses that are recognized for their 
role in atherosclerotic disease (2,3). Recent studies (4,5) suggest 
that markers of inflammation may reflect different aspects of the 
atherothrombotic process and have a potential role in the pre-
diction of risk for developing coronary artery disease (CAD). In 
fact, cytokines released from inflammatory cells may reflect the 
inflammatory process in atherosclerotic plaques. C-reactive 
protein (CRP) is another proinflammatory factor that has been 
implicated in the pathogenesis of CAD. Several studies (6) 
have demonstrated that CRP, measured at either presentation 
or discharge, may have prognostic value in patients with acute 
coronary syndrome (ACS). Importantly, biomarkers of different 
processes may be combined to enhance risk stratification above 
that of any single marker. The combined effect of Hcy and 
proinflammatory factors on CAD was recently studied, but not 
yet clarified. 

In the present study, we investigated the distribution of plasma 
total Hcy (tHcy) and the levels of proinflammatory markers in 
patients with ACS, and evaluated the association between these 
parameters and disease severity.

methods
Population
A total of 122 patients hospitalized with ACS and 80 control 
subjects at the coronary intensive care unit of the Military 
Hospital of Tunis, Tunisia, were included in the present study. 

ACS was defined either as unstable angina or as an acute 
myocardial infarction that was diagnosed based on the pres-
ence of chest pain and typical ischemic electrocardiographic 
changes. Stable angina was defined based on the presence of 
typical and stable chest pain during effort, a positive treadmill 
exercise test and obstructive coronary lesions as determined by 
coronary angiography. The extent of CAD was assessed by the 
number of diseased coronary vessels. Anthropometric and clin-
ical data including body mass index, smoking status, alcohol 
consumption, systolic and diastolic blood pressure, and family 
history of cardiovascular disease were noted in the files of each 
patient. Seventy-two patients had hypertension confirmed by 
antihypertensive drug use or a recently noted blood pressure of 
greater than 140/90 mmHg. Fifty-nine patients had type 2 dia-
betes and 65 presented with dyslipidemia. None of the patients 
had an infectious disease, or renal or hepatic failure. Women 
who were postmenopausal (n=39) were not undergoing hormone 
replacement therapy. A total of 80 healthy subjects (43 men, 
37 women) represented the control group recruited among 
medical and paramedical volunteers. Control subjects did not 
have a personal or family history of cardiovascular disease. 
None of the participants in either group were administered 
vitamin supplementation during the study period. All subjects 
provided informed, written consent to participate in the study, 
which was approved by the local ethics committee. 

Biological assays (blood samples collected from subjects 
after 12 h of fasting) 
thcy: Blood for measuring tHcy was collected in tubes containing 
EDTA and was kept on ice until centrifuged (3500 rpm/min for 
15 min). tHcy concentrations were determined by using an 
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BACkground: An elevated level of homocysteine (Hcy) has been 
shown to be a cardiovascular risk factor in the majority of research studies. 
Recently, it was found to be associated with new risk factors such as inflam-
matory markers.
oBjeCtives: To investigate the distribution of plasma total Hcy (tHcy) 
and the levels of inflammatory markers in patients with acute coronary 
syndrome (ACS), and to evaluate the association between these parame-
ters and the severity of the disease.
methods: A total of 122 patients with ACS and 80 control subjects 
were recruited from the cardiac intensive care unit of the Military Hospital 
of Tunis, Tunisia. Lipid profile and the levels of tHcy, high-sensitivity 
C-reactive protein (HsCRP), interleukin (IL)-6, IL-8, IL-1b and tumour 
necrosis factor-alpha (TNFa) were determined for all participants. The 

distribution of these parameters were compared between groups and 
according to the number of diseased vessels in patients with ACS.
resuLts: ACS patients had significantly elevated levels of tHcy 
(P<0.01), HsCRP (P<0.001), IL-6 (P<0.001), TNFa (P<0.001), folates 
(P<0.05) and vitamin B12 (P<0.001), but lower high-density lipoprotein 
cholesterol (P<0.05) levels. The analysis of the association between these 
parameters and the number of diseased vessels showed significant differ-
ences in tHcy, HsCRP, IL-6 and TNFa, with positive correlations. 
Significantly negative correlations were found between the number of dis-
eased vessels and folate (r=–0.34; P<0.01), and vitamin B12 (r=–0.22; 
P<0.01).
ConCLusion: Elevated levels of tHcy, IL-6, TNFa and HsCRP appear 
to be associated with a greater number of diseased arteries and, conse-
quently, the severity of coronary artery disease.
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automatic analyzer (Immulite DPC, USA) based on a competi-
tive immunoassay and expressed in µmol/L. 
vitamin B12 and folate: These levels were measured using the 
Immulite 2000 analyzer system (Immulite DPC, USA), which 
is based on a competitive immunoassay. Vitamin B12 is 
expressed in pg/mL and folates in ng/mL. 
Lipid profile: Total cholesterol (TC), triglycerides (TG) and 
high-density lipoprotein cholesterol (HDLc) were measured by 
using a colorimetric enzymatic method using the Technicon 
automatic analyzer system (RA-1000, Dade Behring, Germany). 
Low-density lipoprotein cholesterol (LDLc) levels were calcu-
lated by using the Friedwald formula for individuals with a TG 
level below 4.5 mmol/L: 

LDLc = TC – (HDLc + TG/2.18) 

high-sensitivity CrP (hsCrP): Using an immunonephelo-
metric method, HsCRP levels were determined on a BNII 
Nephelometer Analyzer (Dade Behring, Germany) and 
expressed in g/L.
Cytokines: Interleukin (IL)-6, IL-1b, IL-8 and tumour necrosis 
factor-alpha (TNFa) levels were determined with an immuno-
metric sequential chimiluminescent test on the Immulite 1000 
Assay System (Immulite DPC, USA) and expressed in pg/mL. 

statistical analysis
Statistical analyses were performed using SPSS version 10.0 
(SPSS Inc, USA) for Windows (Microsoft Corporation, 

USA). Continuous variables are presented as mean ± SD. 
The Kolmogorov-Smirnov test for the normality of the differ-
ent parameters showed normal distribution. A comparison of 
means were performed by one-way ANOVA based on Fisher’s 
exact test statistics. Correlations between the different par-
ameters were evaluated by calculation of the Spearman’s cor-
relation coefficient. A P≤0.05 was considered to be statistically 
significant.

resuLts 
Demographic and biochemical characteristics of the patient 
and control groups are summarized in Table 1. Hypertension, 
dyslipidemia, family history of CAD and type 2 diabetes were 
frequent in the patient group. Patients had elevated tHcy 
(P<0.01), vitamin B12 (P<0.001), folates (P<0.05), HsCRP 
(P<0.001), IL-6 (P<0.001) and TNFa (P<0.001), but lower 
HDLc levels (P<0.05) (Table 1). No differences were found in 
TC, TG and LDLc levels or creatinine. 

As shown in Table 2, tHcy, IL-6, TNFa and HsCRP differed 
significantly according to the number of diseased vessels. 
Patients with three diseased vessels presented with elevated 
levels compared with those with two, and those with one dis-
eased vessel. Patients with three diseased vessels presented with 
significantly higher LDLc and creatinine but lower TG levels.

The Spearman’s correlation test demonstrated significant 
positive correlation between the number of diseased vessels 
and tHcy (r=0.49; P<0.01), IL-6 (r=0.32; P<0.01), TNFa 
(r=0.51; P<0.01) and HsCRP (r=0.39; P<0.01) levels. A sig-
nificantly negative correlation was found between the number of 
diseased vessels and folate (r=–0.34; P<0.01) and vitamin B12 
(r=–0.22; P<0.01).

tHcy, HsCRP, IL-6 and TNFa levels increased with the 
number of affected vessels (Figure 1).

disCussion 
The main results of our study were the increased concentra-
tions of tHcy, IL-6, TNFa and HsCRP in patients with ACS 
compared with control subjects and, second, the distinct distri-
bution of these parameters according to the number of diseased 
vessels. 

Several epidemiological studies (7-9) have identified mod-
erately elevated concentrations of tHcy as a potentially modifi-
able risk factor for coronary artery disease, which may contribute 
to the development of atherosclerosis (10). One of the major 
causes of hyperhomocysteinemia (HHcy) is a deficiency in 
vitamin B12 and folates – important cofactors in Hcy metabol-
ism. Despite a normal vitamin status, patients in the present 
study had elevated levels of tHcy. This result prompted us to 
investigate other causes or factors that lead to HHcy. Elevated 
tHcy was demonstrated to be a predictor of next cardiac event 
in patients with ACS (11) and represents an independent risk 
factor for recurrent ACS in a free form (12). Facila et al (13) 
showed that moderately elevated tHcy concentration meas-
ured at admission is a strong predictor of all-cause mortality in 
patients admitted with non-ST segment elevation ACS. The 
possible mechanism by which Hcy promotes atherosclerosis is 
unclear; however, inflammatory markers have been recently 
implicated. In a recent study (14), Hcy was demonstrated to 
contribute to the initiation and progression of vascular disease 
by activating monocytes, resulting in the secretion of cytokines 

TABLE 1
Clinical and biochemical features of acute coronary 
syndrome (ACS) patients compared with healthy controls

Healthy controls  
(n=80)

ACS patients  
(n=122) P

Sex (male/female), n/n 43/37 77/45 –
Age, years 57.02±4.32 63.86±10.07 <0.01
BMI, kg/m2 26.29±3.57 26.61±3.84 NS
Type 2 diabetes, n 0 59 –
Hypertension, n 0 72 –
Dyslipidemia, n 0 65 –
Family history of CAD, n 4 31 –
Alcohol, n 2 3 NS
Smoking, n 31 71 <0.05
TC, mmol/L 4.67±1.37 4.60±1.30 NS
HDLc, mmol/L 1.08±0.25 0.99±0.32 <0.05
TC/HDLc ratio 4.40±1.24 4.81±1.36 <0.05
TG, mmol/L 1.38±1.02 1.45±0.80 NS 
LDLc, mmol/L 2.93±1.17 2.93±1.06 NS
Creatinine, µmol/L 80.97±12.57 82.51±14.43 NS
tHcy, µmol/L 13.95±6.09 17.67±8.32 <0.01
Vitamin B12, pg/mL 259.61±130.05 361.27±228.12 <0.001
Folate, ng/mL 5.60±2.64 6.55±3.18 <0.05
HsCRP, g/L 3.78±1.38 14.64±9.81 <0.001
Interleukin-6, pg/mL 2.32±1.42 11.56±8.23 <0.001
Interleukin-1β, pg/mL 5.00±0.00 5.26±2.26 NS
Interleukin-8, pg/mL 5.0±0.00 5.37±2.25 NS
TNFα, pg/mL 6.81±4.67 11.18±6.83 <0.001
Data presented as mean ± SD unless indicated otherwise. BMI Body mass 
index; CAD Coronary artery disease; HDLc High-density lipoprotein choles-
terol; HsCRP High-sensitivity C-reactive protein; LDLc Low-density lipoprotein 
cholesterol; NS Not significant; TC Total cholesterol; TG Triglycerides; 
tHcy Plasma total homocysteine; TNFα Tumour necrosis factor-alpha
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that amplify the inflammatory response. The demonstration of 
a relationship among Hcy, inflammation and autoimmunity 
intriguingly expands the spectrum of the possible pathogenetic 
implications for HHcy in the course of arterial disease (15). In 
our study, we found that tHcy correlated with IL-6, TNFa and 
HsCRP levels, but not with IL-8 and IL-1b. Enhanced inflam-
mation may be associated with Hcy-related cardiovascular 
disease, possibly involving IL-6-related mechanisms (16). High 
circulating concentrations of IL-6 are independent correlates 
of HHcy and may explain, at least in part, the association 
between Hcy and atherosclerosis (17). Recently, evidence of 
the presence of TNFa, IL-6 and IL-8 in atherosclerotic lesions 
has been obtained (18,19). In fact, in response to infection or 
tissue inflammation, IL-6, IL-1 and TNFa stimulate the pro-
duction of CRP. IL-6 is a regulator of CRP and has a key role 
in the initiation of inflammation. CRP attracts monocytes, 
activates complement and induces a decrease in endothelial 
function (20). HsCRP (21) and IL-6 are considered new 
biomarkers of cardiovascular disease (8), and increased IL-6 
and HsCRP levels are strongly associated with the inflamma-
tory system and the course of clinical and hemodynamically 
significant CAD (22). In recent studies (23), elevated HsCRP 
was significantly correlated with clinical symptoms in patients 
with ACS and represents an effective utility for CRP in risk 
stratification (24).

In our study, we did not find a correlation between tHcy and 
IL-8 levels, although similar studies (25) demonstrated that the 
contribution of Hcy to the initiation and progression of athero-
sclerosis may be due to the stimulation of IL-8 expression, and 
that the induction of IL-8 in response to atheroprone hemo-
dynamics may maintain lower levels of vascular cellular 
adhesion molecule-1, preventing further inflammation from 
localizing to vessel walls during atherogenesis (26).

As demonstrated by many research studies, lipid profile also 
has an important role in atherosclerosis. The interaction 
between lipid and inflammation processes defines the principal 
pathogenesis. In fact, atherogenic lesions have a large lipid 

nucleus, with signs of active inflammation and macrophage 
accumulation at the site of plaque rupture (27). In the present 
study, we found elevated LDLc levels in patients with multiple 
affected vessels and lower HDLc levels in patients compared 
with controls, but no association between lipids and the studied 
cytokines was found. Korhonen et al (28) demonstrated that 
high levels of LDLc are associated with an increased risk of 
CAD – the more vessels obstructed, the higher the serum LDLc 
level. Serum lipid profile – in particular, the serum levels of TC 
and HDLc – is a strong determinant of atherosclerosis, while 
smoking, elevated blood glucose and reduced physical activ-
ity are independent atherosclerotic risk factors for cardio-
vascular events. In our study, smoking, diabetes mellitus and 
dyslipidemia were more prevalent in patients than in con-
trols, and are factors that can accelerate the proliferation of 

Figure 1) Distribution of plasma homocysteine (tHcy), high-sensitivity 
C-reactive protein (HsCRP), interleukin-6 (IL-6) and tumour 
necrosis factor (TNF)-alpha mean levels according to the number 
affected vesssels

TABLE 2
Comparison of biological parameters according to the number of diseased arteries in acute coronary syndrome patients

Diseased vessels, n
P1 (n=50) 2 (n=33) 3 (n=39)

Plasma total homocysteine, µmol/L 13.93±4.89 16.27±5.46 23.65±10.37 <0.001*†

Folate, ng/mL 7.02±3.99 7.35±3.33 5.27±2.65 <0.01*†

Vitamin B12, pg/mL 387.84±241.27 372.30±213.77 317.87±221.77 NS

Creatinine, µmol/L 80.16±15.46 81.15±13.77 86.69±12.98 <0.05*

Interleukin-6, pg/mL 8.76±5.21 9.95±6.89 16.52±10.14 <0.001*†

Interleukin-1β, pg/mL 5.30±2.04 5.01±0.00 5.75±3.23 NS

Interleukin-8, pg/mL 5.57±1.22 5.82±1.56 6.00±1.56 NS

Tumour necrosis factor-alpha, pg/mL 8.29±4.12 8.81±4.54 16.90±7.73 <0.001*†

High-sensitivity C-reative protein, g/L 10.87±7.26 14.00±8.13 20.03±11.57 <0.01*†

Total cholesterol, mmol/L 4.62±1.47 4.32±1.22 4.81±1.09 NS

High-density lipoprotein cholesterol, mmol/L 1.01±0.29 0.89±0.29 1.04±0.37 NS

Total cholesterol/high-density lipoprotein cholesterol ratio 4.60±1.07 4.97±1.28 4.94±1.72 NS

Low-density lipoprotein cholesterol, mmol/L 2.96±1.22 2.62±0.94 3.15±0.96 <0.05*

Triglycerides, mmol/L 1.39±0.64 1.71±1.02 1.31±0.75 <0.05*
Data presented as mean ± SD unless indicated otherwise. *Comparison between patients with two and those with three diseased vessels; †Comparison between 
patients with one and those with three diseased vessels. NS Not significant
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atherosclerosis. The etiology of CAD is complex. Although 
classic risk factors increase development of this disease, recently 
studied biomarkers also demonstrate an important role.

ConCLusion
Hcy and proinflammatory markers appear to play an important 
role in the initiation of ACS. However, despite the impressive 
gains in the understanding of atherosclerosis, many questions 
persist regarding the use of these markers in clinical practice. 
Well-designed studies using large sample sizes are required to 
characterize the interaction between different inflammatory 
markers. 
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