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ABSTRACT 
Objectives: Smoking increases oxidative modi-
fication of LDL, associated with lower HDL 
plasma levels, systemic inflammatory response 
and endothelial dysfunction. We tested the hy-
pothesis that the risk status for coronary 
atherosclerosis disease (CAD) of cigarettes 
smokers might be identified by means of serum 
oxidative levels and vascular inflammation de-
termination. Design and Methods: Oxidative 
stress levels, cytokines, and the metabolic 
status were investigated on 499 subjects admit-
ted to our institute. The association between 
biomarkers and smoking habits in the pres-
ence/absence of disease and with the number of 
vessel affected, was studied. Results: Oxidative 
stress and inflammatory levels (p < 0.001) were 
strongly induced by smoking habits. Serum 
values of the subjects categorised as CAD, non 
CAD and healthy subjects differed significantly 
(p < 0.001) only for the degree of oxidative stress. 
Glycaemia was able to affect C-reactive protein 
serum levels with a positive association (p < 
0.05). The analysis of the study population in-
dicated that serum oxidative stress levels sig-
nificantly increased with increasing number of 
vessels affected (p < 0.01). When statistical 
analysis was performed separately in both 
smoking groups, smokers did not show any 
particular difference for both oxidative stress 
and inflammation markers between the two 
groups of cardiovascular patients (CAD and non 
CAD) and the control group, while for non 
smokers, the differences were evident. Conclu-
sion: These findings indicate that the consid-
ered biomarkers, especially oxidative stress, 
can be useful to predict the biological damage 

caused by cigarette smoking, as well as to iden-
tify subjects characterised by a higher risk of 
cardiovascular event, but cannot evaluate the 
presence of disease in subjects with smoking 
habit. 
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1. INTRODUCTION 

Exposure to environmental tobacco smoke has been 
linked to an increased risk of many adverse health out-
comes, including lung cancer, asthma onset and exacer-
bation, acute respiratory illness and atherosclerosis. To-
bacco smoke comprises a large number of chemical con-
stituents, partitioned to various degrees between the gas 
and condensed phases. Among the constituents of envi-
ronmental tobacco smoke are chemical compounds that 
are regulated as hazardous air pollutants by the US fed-
eral government. Polycyclic aromatic hydrocarbons 
(PAHs) and volatile N-nitrosamines, and also tobacco 
specific N-nitrosamines are considered to be the major 
carcinogens in tobacco smoke [1]. Epidemiological and 
experimental studies showed the presence of the 
dose-effect relationship between the number of cigarettes 
smoked and lung cancer risk, exposure to tar or tobacco 
smoke and skin cancers or squamous cell carcinoma of 
the trachea and lung [1]. Other studies indicate that acet-
aldehyde, acrolein, acrylonitrile, benzene, 1,3-butadiene, 
and formaldehyde should be of particular concern as 
contributors to health risk from chronic, residential en-
vironmental tobacco smoke exposure [2]. 

Smoking causes acute hemodynamic alterations such 
as increase in heart rate, systematic and coronary vascu-
lar resistance, myocardial contractility, and myocardial 
oxygen demand. These short-term effects could lower the 
ischemic threshold in smokers with coronary artery dis-
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ease and contribute to the increased risk for acute car-
diovascular events [3]. 

The exact toxic components of cigarette smoke and 
the mechanisms involved in cigarette smoking-related 
cardiovascular dysfunction are largely unknown, but 
cigarette smoking increases inflammation, thrombosis, 
and oxidation of low-density lipoprotein cholesterol. 
Recent experimental and clinical data support the hy-
pothesis that cigarette smoke exposure increases oxida-
tive stress as a potential mechanism for initiating cardio-
vascular dysfunction [4]. 

Smoking is one of the most important risk factors for 
both atherosclerosis and ischemic heart disease. Endo-
thelial dysfunction can be considered a pathological out-
come of smoking and many studies [3] showed that this 
biological damage is directly associated to the duration 
of exposure [5]. Since atherosclerosis is characterised by 
early structural change of the endothelial cells with loss 
of the regulatory vascular tone, by platelet-endothelial 
interaction and leukocyte adhesion control [3], endothe-
lial damage is thought to be a leading event of athero-
sclerosis [6]. 

There is strong evidence that smoking leads to endo-
thelial dysfunction mainly by increased inactivation of 
nitric oxide (NO) determined by oxygen-derived free 
radicals; smoking also increases oxidative modification 
of LDL, is associated with lower HDL plasma levels and 
induces a systemic inflammatory response with elevation 
of the C-reactive protein (CRP) and interleukin-6 serum 
concentration [7]. 

8-isoprostane (8-epi-PGF2 alpha), a lipid peroxidation 
product of non enzymatic origin, has been proposed as a 
marker for oxidative stress, and it has been shown to 
have potent pulmonary, renal and coronary vasoconstric-
tor activity [8-10]. 8-isoprostane is produced by the ran-
dom oxidation of tissue phospholipids by oxygen free  

radicals, and elevated levels of this molecule have been 
found in plasma and urine of heavy smokers [11]. The 
vasoconstriction effect induced by 8-isoprostane seems 
to be linked to the overproduction of endotheline-1 (ET-1) 
by endothelial cells [12]. 

The presence of specific binding sites for F2-iso- 
prostanes on endothelial cells (TXA2 receptor) suggests 
that this eicosanoid, released during oxidant injury, could 
alter normal endothelial cells physiology [12]. The re-
lease of ET-1 by 8-epi-PGF2 alpha may help to explain 
the large increases in plasma and urinary concentrations 
for both ET-1 and 8-epi-PGF2 alpha in patients with high 
oxidative stress levels [12,13]. These findings seem to 
indicate an association between cigarette smoking and 
oxidative damage, endothelial dysfunction, or vascular 
inflammation. 

The aim of this investigation was to study whether the 
risk status for coronary atherosclerosis disease (CAD) of 
cigarettes smokers might be identified by means of se-
rum oxidative levels and vascular inflammation deter-
mination. For this purpose, the levels of oxygen free 
radicals (dROMs), interleukine-6 (IL-6), C-reactive pro-
tein (CRP), and tumour necrosis α (TNF α) were ana-
lysed in a general population consisting of people af-
fected by cardiovascular disease. 

2. MATERIALS AND METHODS 

2.1. Study Population 

The study includes 499 subjects admitted to the Fon-
dazione Gabriele Monasterio. The characteristics of the 
entire population, stratified for smoking habit, are sum-
marised in Table 1. First group: patients with docu-
mented or suspected ischemia who underwent coronary 
angiography and that were affected by CAD did not suf-
fer from any acute cardiovascular event during the last 

 
Table 1. Composition and mean age (years) of the study population stratified for smoking habit. 

Variables Non smokers* Smokers All subjects 

 No mean ± SD No mean ± SD No mean ± SD 

Pathology       

Healthy subjects 92 51.03 ± 14.34 32 58.27 ± 13.29 124 52.78 ± 14.38 

Non CAD 133 58.74 ± 14.37 65 56.43 ± 13.66 198 57.9 ± 14.158 

CAD 104 70.81 ± 12.13 73 67.37 ± 9.94 177 63.39 ± 11.38 

Sex       

Male 157 65.51 ± 14.99 111 63.10 ± 12.70 268 64.5 ± 14.111 

Female 174 55.68 ± 14.908 57 58.42 ± 13.44 231 56.36 ± 14.75 

*Only ex-smoker subjects who stopped smoking since at least 11 years were considered as non smokers. 
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three months; in each case the mean reduction lumen of 
coronary arteries was at least about 50% (affected ves-
sels). The second group consisted of patients affected by 
other heart diseases (non CAD) established on the basis 
of physical examination and routine laboratory tests. The 
third group (healthy controls) consisted of people not 
affected by any disease and not underwent pharmacol-
ogical treatment. Patients treated with statins or other 
hypolipemic or hypoglicemic therapy were excluded 
from the study. Patients were treated with antianginal and 
antiplatelets, but none of them made use of sublingual 
nitrates. Any other medications were suspended seven 
days prior to blood drawing. The disease was diagnosed 
for the first time, so that no therapy was carried out be-
fore. Healthy subjects did not undergo coronary an-
giography. 

Written informed consent was obtained from all sub-
jects before they entered the study. The study adheres to 
the principles outlined in the declaration of Helsinki. 

All blood samples were collected at the same time, 
placed on ice at 4˚C and immediately centrifuged at 3000 
rpm for 10 minutes; serum was stored at −80˚C for not 
more than 15 days. Collection of blood samples from 
patients affected by CAD was performed the day before 
the cardiac catheterization. 

2.2. Analytical Methods 

Plasma concentrations of total cholesterol (TC), HDL-C 
and Tryglicerides (Tg) were determined by standard labo-
ratory methods. The concentration of LDL-C was calcu-
lated using the Friedewald equation [14], and expressed as 
mg/dl.  

Recently a new colorimetric method has been pro-
posed to measure the generation of peroxy radicals 
(D-Roms test, Diacron international, Italy) first products 
of the reaction between free radicals and oxygen [15,16]. 
This test is based on the ability of transition metals to 
catalyse in the presence of peroxides with generation of 
free radicals that are trapped by an alchilamine; reaction 
of alchilamine then yields a coloured radical detectable at 
505 nm. Results are expressed as Carratelli Units (U.C.) 
(1 U.C. = 0.08 mg H2O2 dl). 

The Biosource high sensitive-IL-6 (hs-IL-6) and high 
sensitive-TNFα (hs-TNFα) were evaluated by an ELISA 
technique employing a solid-phase sandwich, enzyme- 
linked immuno-sorbent assay (Cayman, Ann Arbor MI, 
USA; Biosource International, Inc. Camarillo, California, 
USA). 

High sensitive CRP (Hs-CRP) was measured by Im-
mulite System (Diagnostic Products Corporation [DPC]), 
a methods based on a chemiluminescent immunoreaction. 
During immunoreaction for CRP detection, the enzy-
matic conjugate, alkaline phosphatase, is bound. After 

washes with buffer a chemiluminescent substrate (ada-
mantildioxetane) is added to the complex and, after 10 
minutes at 37˚C incubation, the light produced from the 
reaction is measured by a photomultiplier tube. During 
the reaction alkaline phosphatase dephosphorizes the 
adamantildioxetane phosphate producing an unstable 
anion that emits photons. 

2.3. Statistical Analysis 

dROMs, IL-6, CRP and TNFα serum level values were 
log transformed to normalise the distributions [17,18]. 
The obtained results were analysed by parametric tests. 
Multifactor analysis of variance (MANOVA) was em-
ployed to evaluate jointly the effect of smoking habit, 
pathological condition, number of affected vessels and 
some metabolic parameters on dROMs, IL-6, CRP and 
TNFα serum concentration after adjusting for age and 
sex. The categorical variable describing affected vessels 
classify the study population into three groups: subjects 
with no affected vessels; CAD patients with one or two 
affected vessels, and CAD patients with three or four 
affected vessels. For each categorical factors included in 
the main analysis, differences in serum levels of these 
markers between subject groups and the reference group 
were evaluated by the Dunnet’s test. The association be-
tween variables and the number of cigarettes smoked 
was estimated by regression analysis. A p level lower 
than 0.05 was considered statistically significant. 

3. RESULTS 

Table 2 reports the results of MANOVA analysis on 
serum levels of the four markers assessed in the study 
population. Smoking habit affected greatly all markers: 
in fact, smokers showed highly significant increases of 
their levels with respect to non smokers (dROMs 264.21 
± 3.92 and 3.16 ± 5.96 U.C. p < 0,001; IL-6 1.97 ± 0.18 
and 3.05 ± 0.27 pg/ml, p < 0.001; TNFα 1.97 ± 0.18 and 
3.05 ± 0.27 pg/ml, p < 0.001; CRP 0.84 ± 0.22 and 1.95 
± 0.68 mg/dl; p < 0.001). In addition, serum values of the 
study population classified according to their pathologi-
cal condition differed significantly (p < 0.001) only in 
the case of dROMs. In fact, compared to the group of 
either non CAD patients or controls, the group affected 
by CAD had significantly increased dROMs levels 
(317.8 ± 6.8 vs. 263.98 ± 5.79 or 261.31 ± 3.99, respec-
tively). At variance, no difference among the same 
groups was observed for IL-6, TNFα and CRP levels. 
Among the metabolic parameters evaluated, only gly-
caemia was able to influence CRP serum levels showing 
a statistically significant association (p < 0.05). With 
regards to confounding factors, IL-6 or CRP was posi-
tively correlated to chronological age of the study popula-
tion (p < 0.001 or p < 0.01). Further MANOVA analysis  
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Table 2. Results of MANOVA analysis on biomarkers of oxidative stress and inflammation. 

Variables DROMs U.C. IL-6 pg/ml CRP mg/dl TNFα pg/ml 

 Mean ± SE p-value Mean ± SE p-value Mean ± SE p-value Mean ± SE p-value 

Smoking habit*         

Non smokers 264.51 ± 3.9  1.51 ± 0.17  0.84 ± 0.22  1.97 ± 0.18  

Smokers 316.56 ± 5.96 <0.001 3.02 ± 0.29 <0.001 1.95 ± 0.68 <0.001 3.05 ± 0.27 <0.001 

Pathology*         

Healthy subjects 263.98 ± 5.79  1.13 ± 0.15  0.44 ± 0.07  1.51 ± 0.19  

Non CAD 261.31 ± 3.99  1.48 ± 0.18  1.40 ± 0.45  2.41 ± 0.25  

CAD 317.77 ± 6.83 <0.001 3.23 ± 0.35  1.55 ± 0.58  2.82 ± 0.29  

Sex*         

Male 294.73 ± 5.10  2.67 ± 0.25  1.54 ± 0.44  2.80 ± 0.25  

Female 267.36 ± 4.32  1.26 ± 0.15  0.84 ± 0.29  1.78 ± 0.16  

Age*         

p-value    <0.001  <0.01   

*Significance value has been computed after controlling for the other variables included in the analysis. Age was used as covariate. 

 
of the study population as a whole indicated that serum 
dROMs levels significantly increased with increasing 
number of vessels affected (Figure 1), whereas markers 
of inflammation showed, in general, minor or no correla-
tion. Linear regression analysis showed a significant as-
sociation between the number of cigarettes smoked per 
day and dROMs (p < 0.05) or IL-6 (p < 0.01) serum 
concentration (data not shown). 

However, when statistical analysis was examined 
separately in both smoking groups, smokers did not show 
any particular difference for both oxidative stress and 
inflammation markers between the two groups of car-
diovascular patients (CAD and non CAD) and the con-
trol group. Interestingly, among non smokers, patients 
suffering from CAD showed mean dROM levels (306 ± 
9.02) significantly higher (p < 0.001) than those of non 
CAD (245.08 ± 3.44) and controls (265.7 ± 5.6). The 
same trend (p < 0.05) was seen for IL-6 (2.73 ± 0.42 the 
mean value of CAD patients vs. 1.78 ± 0.24 and 0.61 ± 
0.1 pg/ml for non CAD and controls, respectively), for 
TNFα (2.97 ± 0.45, on average, for the CAD group vs. 
1.75 ± 0.22 and 1.16 ± 0.23 pg/ml for the non CAD and 
control group, respectively), and for CRP (1.57 ± 0.28 
for CAD patients vs. 1.05 ± 0.22 and 0.67 ± 0.18 mg/dl 
for non CAD and controls, respectively (see Figure 2). 

4. DISCUSSION 

Smoking is strongly associated with chronic obstruc-
tive pulmonary disease, cancer, and atherosclerosis 
[19,20]. As cigarette smoke contains different kinds of 
free radicals, it can cause biological damage via oxida-
tive stress [21], resulting in the induction of modified 
lipids, proteins and DNA bases, mainly 8-oxodG. A direct 
and controlled evidence of this feature is supported by 

the finding that smoking cessation is able to significantly 
reduce the urinary excretion rate of oxidized guanosines 
[22]. 

In addition, oxidation of LDL by cigarette smoke may 
contribute to the link between cigarette smoking and 
atherogenesis. Cigarette smoke extract alters LDL into a 
form recognized and incorporated by macrophages; this 
could explain the increased incidence of atherosclerosis 
and coronary heart disease observed in smokers [23], as 
confirmed by the formation of lipid hydroperoxides after 
plasma exposure to the gas phase of cigarette smoke 
[24]. 

Other evidences support the view that smokers un-
dergo oxidative stress. For example, the risk of severe 
hypovitaminosis C is increased in smokers with respect 
to non-smokers [25], and smokers' risk of coronary artery 
disease correlates inversely with their intake of the anti-
oxidants vitamin E and beta carotene [26,27]. Cigarette 
smoke is replete with a number of oxidants [24] and con-
sistent with this, smokers have increased F2-isoprostane 
levels in both plasma and urine. However, F2-isoprostane 
levels do seem to depend on the age and sex of smokers 
or on the number of pack-year or cigarettes per day 
smoked [28]. In animal models, it has been shown that a 
brief exposure to cigarette smoke is able to promote 
atherosclerotic plaque development [29], and the combi-
nation of second hand smoke and hypercholesterolemia 
resulted, to a greater extent, in mtDNA (mitochondrial 
DNA) damage and atherosclerosis [30]. In addition, it 
has been documented that benzo[a]pyrene, a polycyclic 
aromatic hydrocarbon present in tobacco smoke, can 
modulate VSMCs from a quiescent to a proliferative 
phenotype both in vitro and in vivo [31,32]. 

The present work aimed to assess whether or not 
markers of oxidative stress and vascular inflammation  
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**p < 0.01 dROMs (patients group with 1 - 2 and 3 - 4 affected vessels), **p < 0.01 IL-6 (patients group 
with 3 - 4 affected vessels). 

Figure 1. MANOVA analysis of the study population indicated that serum dROMs and 
IL-6 levels significantly increased with increasing number of vessels affected. The other 
markers of inflammation showed, in general, minor or no correlation. 

 

 
***p < 0.001. 

Figure 2. Among non smokers, patients suffering from CAD showed mean levels of free 
radicals and inflammation significantly higher than those of non CAD and controls. 
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can provide a reliable estimate of the risk for cardiovas-
cular diseases in a general population, especially in the 
case of smokers [16,33]. The results of our study demon-
strated that dROMs, IL-6, CRP and TNF serum concen-
trations markedly increased in cigarette smokers and, 
except for TNF and CRP, correlated with the number of 
cigarettes smoked. In addition, we showed that the pres-
ence of CAD was able to influence the levels of free 
radicals, where the concentration was directly associated 
with the severity of the disease (i.e. the number of vessel 
affected). We also found that CRP resulted influenced by 
glycemia and that both CRP and IL-6 values increased 
with increasing the age of the subjects. When the analy-
sis were performed in the group of smokers no difference 
for both oxidative stress and inflammation markers 
among the groups were observed, while in the case of 
non smokers the group affected by CAD showed a high 
significant increase of the levels of each markers. Thus, 
our findings suggest that smoking habit represent the 
major risk factor for cardiovascular disease and its effect 
on vascular inflammation and oxidative stress is so 
strong to not discriminate controls from patient affected 
by CAD in the group of smokers. 

In conclusion, the present study reinforce the hypothe-
sis that oxidative stress and inflammatory serum levels 
might be considered as useful markers to predict the 
biological damage caused by cigarette smoking and to 
identify subjects characterised by a higher risk of car-
diovascular event, but cannot evaluate the presence of 
disease in subjects with smoking habit. 
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