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abstract

Introduction  Exposure to tobacco smoke is an extremely important risk factor determining the de‑
velopment of respiratory diseases, cardiovascular diseases and cancer. Passive exposure is common 
and often not realized by the exposed subjects. Markers of tobacco smoke exposure are nicotine 
metabolites, i.e. cotinine and trans‑3’-hydroxycotinine.
Objectives  The objective of the study was to assess the level of passive exposure to tobacco smoke 
among students and the exposure impact on the blood hemoglobin level, peak expiratory flow (PEF), 
lipid peroxidation level and antioxidant enzyme activity.
Patients and methods  A total of 104 subjects were enrolled in the study. The subjects were cate‑
gorized in 3 subgroups depending on nicotine metabolite levels in blood (subgroup I with metabolite 
level >100 ng/ml (high exposure); subgroup II with the metabolite level of 10–100 ng/ml; subgroup 
III with metabolite level <10 ng/ml). The blood hemoglobin level, PEF, levels of  lipid peroxidation 
metabolites – malondialdehyde and 4‑hydroxynonenal (MDA + 4‑HNE) and catalase (CAT) activity 
were determined in all the subjects.
Results  The study showed statistically significant differences in levels of lipid peroxidation meta
bolites and CAT activity. Levels of MDA + 4‑HNE were higher in subgroup I than in subgroup II or III 
(I: 3.84 ±1.64 mmol/l; II: 2.25 ±0.94 mmol/l; III: 1.90 ±0.82 mmol/l; pI‑II <0.01; pI‑III <0.001). CAT 
activity was statistically significantly lower in subgroup I than in subgroup III (I: 0.38 ±0.01 × 106 
IU/g hemoglobin [Hb]; II: 0.38 ±0.03 × 106 IU/g Hb; III: 0.41 ±0.04 × 106 IU/g Hb; pI‑III <0.05).
Conclusions  Passive exposure to tobacco smoke in the study population of students is common. 
The observed effects of passive exposure to tobacco smoke are similar to those of active smoking. 
It is postulated to undertake actions aiming at limiting passive exposure to tobacco smoke.
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Medical University, using nicotine metabolites as 
specific markers, and to evaluate the exposure im‑
pact on the blood hemoglobin level, peak expira‑
tory flow (PEF) rate, lipid peroxidation level and 
antioxidant enzyme activity expressed as cata‑
lase (CAT) activity in erythrocytes.

PATIENTS AND METHODS  We studied 104 males, 
second‑year students of the Faculty of Medicine, 
Wrocław Medical University, who declared only 
passive exposure to tobacco smoke. Students were 
enrolled into the study at random. The mean age 
of the study subjects was 22.0 ±1.4 years, height 
176.88 ±6.94 cm, weight 74.70 ±9.32 kg, and 
body mass index 23.86 ±2.51 kg/m2. Subjects 
with a history of chronic systemic or metabolic 
diseases were ineligible in this study.

Biochemical determination of particular sub‑
stances in blood was performed in the study 
group. Each subject had an approximately 5‑ml 
blood sample taken and ethylenediaminetetraa‑
cetic acid was used as an anticoagulant. Then 
the blood was centrifuged and the level of main 
nicotine metabolites, i.e. cotinine and trans‑3’-
hydroxycotinine and levels of lipid peroxidation 
markers, i.e. malondialdehyde and 4‑hydroxynon‑
enal (MDA + 4‑HNE) were determined in the col‑
lected supernatant using the immunoenzymat‑
ic assay. Determination of the nicotine meta
bolites was based on an original method. Tests 
consisted in immunochemical determination us‑
ing polyclonal antibodies to cotinine and trans‑3’

‑hydroxycotinine. The upper limit of the measure‑
ment range expressed as the ED 90 value was 3 
ng/ml. The remaining blood cells were rinsed out 
3 times with a normal saline solution, and then 
CAT activity was evaluated. Moreover, each sub‑
ject had the PEF rate, hemoglobin level and red 
blood cells count in peripheral blood determined. 
The PEF was measured using the hand‑held Per‑
sonal Best peak flow meter, according to the man‑
ufacturer’s instructions. It was used as a respi‑
ratory function indicator because of simplici‑
ty of determination, better availability as com‑
pared to spirometry and published data indicating 
changes in the PEF rate as the most immediately 
detectable disorder of respiratory function in sub‑
jects exposed to tobacco smoke.

Based on  the  nicotine metabolite levels, 
the study group was divided in the following 3 
subgroups:
1   subgroup I with nicotine metabolite levels 
>100 ng/ml, a group of distinct exposure to to‑
bacco smoke including 38 subjects
2   subgroup II with levels 10–100 ng/ml, 32 
subjects
3   subgroup III with metabolite levels <10 ng/ml, 
a group of low (threshold) exposure to tobacco 
smoke, 34 subjects.

Cut off scores used to categorize the groups 
were taken from available literature. Due 
to  the  possibility of  slight exposure to  nico‑
tine from the diet, it was assumed that values 
<10  ng/ml should be considered as negative. 

INTRODUCTION  In Poland, smoking is estimated 
to cause every second death in males aged 30–70.1 
Exposure to tobacco smoke is an extremely im‑
portant risk factor determining the development 
of respiratory diseases, cardiovascular diseases 
and cancer. Cigarette smoking is the main cause 
of chronic obstructive pulmonary disease (COPD), 
which trebles the risk of myocardial infarction 
and a stroke.2 Smokers are reported to have high 
blood cholesterol, higher prevalence of atheroscle‑
rosis and peripheral vascular diseases.3 Smoking 
is one of causes of impotence in males and female 
fertility disorders, and increases the risk associat‑
ed with use of contraceptives.4 Smokers are also 
more prone to osteoporosis and Crohn’s disease, 
and they more commonly develop resistant hy‑
pertension.1 Respiratory tract, bladder, pancre‑
as, kidney and stomach cancer is also more com‑
mon in smokers.5

Passive exposure is widespread and often not 
realized by the exposed subjects.6-9 The impact 
of passive smoking on the human body has not 
been fully understood and seems to require inves‑
tigation to determine its mechanisms.10

In order to have smoking‑induced health haz‑
ards appropriately estimated, the  level of ex‑
posure to  tobacco smoke should be correct‑
ly determined. The assessment could be done 
by a questionnaire or based on determination 
of the so‑called exposure markers. Admittedly, 
a questionnaire is the simplest and an inexpen‑
sive approach to obtain information on smok‑
ing, however, it does not represent real exposure 
to tobacco smoke, especially when non‑smokers 
with passive exposure to environmental tobac‑
co smoke (ETS) are concerned.11 Currently, it is 
thought that the most useful markers of expo‑
sure to tobacco smoke are nicotine metabolites, 
i.e. cotinine and trans‑3’‑hydroxycotinine. Coti‑
nine is the main product of nicotine transforma‑
tion with long half‑life (17–32 h) in the body. Sen‑
sitivity of methods measuring the cotinine level 
in body fluids ranges from 96% to 98%, and spec‑
ificity from 97% to 100%.12

The objective of the study was to assess the lev‑
el of passive exposure to tobacco smoke among 
the students of the Faculty of Medicine of Wrocław 

TABLE 1  Characteristics of study subgroups established based on nicotine 
metabolite level in blood

Subgroup I Subgroup II Subgroup III p

Enrolmentb 38 32 34 NS

Agea (years) 21.6 ±1.2 22.2 ±1.6 22.2 ±1.5 NS

Heighta (cm) 175.5 ±8.1 176.5 ±7.5 178.8 ±4.2 NS

Weighta (kg) 75.5 ±9.2 73.7 ±11.2 74.7 ±7.5 NS

BMIa (kg/m2) 24.5 ±2.3 23.6 ±3.0 23.6 ±2.1 NS

Sexb (M/F) 38/0 32/0 34/0 NS

a  mean values ±standard deviation 
b  absolute values

Abbreviations: BMI – body mass index, NS – not significant
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pI–II <0.01; pI–III <0.001). CAT activity was sta‑
tistically significantly lower in subgroup I than 
in subgroup III (I: 0.38 ±0.01 × 106 IU/g Hb; II: 
0.38 ±0.03 × 106 IU/g Hb; III: 0.41 ±0.04 × 106 IU/g 
Hb; pI–III <0.05) (Table 2).

The whole study group demonstrated nega‑
tive linear correlations between blood nicotine 
metabolite levels and erythrocyte CAT activity 
(r = −0.49; p <0.05) (FIGURE 1) and between the nic‑
otine metabolite level and the PEF rate (r = –0.25; 
p <0.05) (FIGURE 2). Moreover, blood nicotine meta
bolite levelsin the whole study group positive‑
ly correlated with blood MDA + 4‑HNE levels 
(r = 0.67; p <0.05) (FIGURE 3). Furthermore, sub‑
group I demonstrated a negative linear correlation 
between levels of main nicotine metabolites and 
hemoglobin levels in peripheral blood (r = –0.73; 
p <0.05) (FIGURE 4).

The  multivariate stepwise reverse regres‑
sion analysis showed that the independent fac‑
tor of the oxidative stress increase (expressed 
by the increased level of lipid peroxidation meta
bolites) in the study group was the nicotine meta
bolite level in blood – oxidative stress increases 
with the increase in cotinine and trans‑3’-hydroxy‑
cotinine levels, whereas the factor of the oxidative 
stress decrease (expressed by the decreased lev‑
el of lipid peroxidation metabolites) in the study 
group is the CAT – oxidative stress decreases with 
the increase in the CAT activity level. The asso‑
ciation is presented below as a model resulting 
from regression analysis:

MDA + 4‑HNE = 3.35 + 0.02 × cotinine/trans
‑3’‑hydroxycotinine – 4.17 × CAT ±1.12

SEMintercept = 1.48 
SEMB cotinine/trans-3'-hydroxycotinine = 0.002 
SEMB CAT = 3.55

SEM – standard error of measurement

All parameters of the model are statistically sig‑
nificant at the level of p <0.05. Statistical power 
of the model is confirmed by the statistical sig‑
nificance level of the model (p = 0.001), the mod‑
el coefficient of determination (R2 = 0.6437) and 
the proportion of variance explained by the mod‑
el (61.63%).

Therefore, subgroup III could be treated as a con‑
trol subgroup of subjects not exposed to tobacco 
smoke. Characteristics of subgroups established 
based on the nicotine metabolite level in blood 
are presented in TABLE 1.

Statictical analysis  Statistical analysis was 
performed based on the STATISTICA 6.0 soft‑
ware (StatSoft Polska, Kraków). The results were 
presented as mean values and standard devia‑
tions. Distribution of variables was checked us‑
ing the Shapiro‑Wilk test. In case of non‑nor‑
mal distribution of variables parameters, the dif‑
ferences between the mean values were test‑
ed with the non‑parametric equivalent of uni‑
variate analysis of variance (ANOVA), i.e. with 
the Kruskal‑Wallis one‑way ANOVA. Statisti‑
cally significant differences were assessed using 
post‑hoc tests. The analysis of correlation and re‑
gression was performed to determine the associ‑
ation between the tested variables. A p <0.05 was 
considered statistically significant.

RESULTS  The mean level of main nicotine meta
bolites, i.e. cotinine and trans‑3’-hydroxycoti‑
nine in blood supernatant of the subjects was 
61.36 ±55.91 ng/ml. The subjects were divid‑
ed in 3 groups of high, moderate and low ex‑
posure to tobacco smoke (36.54%, 30.77% and 
32.69%, respectively). Mean hemoglobin lev‑
els and erythrocyte counts in peripheral blood 
in the whole study group were 15.01 ±0.96 g/dl 
and 5.31 ±0.35 × 106, respectively. The mean PEF 
rate was 595.81 ±106.03 l/min. The mean total 
level of lipid peroxidation markers, i.e. MDA + 
4-HNE, was 2.72 ±1.49 mmol/l, and erythrocyte 
CAT activity was 0.39 ±0.04.

In the subgroups singled out based on a crite‑
rion of nicotine metabolite levels in blood, hemo
globin levels and erythrocyte counts in peripheral 
blood were similar. The subgroups were not statis‑
tically different in the mean PEF rate (TABLE 2).

The analysis of oxidative stress parameters 
in  the  subgroups showed statistically high‑
er levels of MDA + 4‑HNE in subgroup I than 
in subgroups II or III (I: 3.84  ±1.64 mmol/l; 
II: 2.25 ±0.94 mmol/l; III: 1.90 ±0.82 mmol/l; 

TABLE 2  Biochemical determinations and peak expiratory flow in the study subgroups established based on nicotine metabolite level in blood

Subgroup I Subgroup II Subgroup III p

Enrolmentb   34   32   38 NS

Hba (g/dl)   14.81 ±1.32   14.95 ±0.47   15.27 ±0.78 NS

RBCa (x106)     5.28 ±0.26     5.33 ±0.36     5.31 ±0.42 NS

PEFa (l/min) 592.22 ±145.46 596.15 ±95.94 599.48 ±51.87 NS

MDA + 4‑HNEa (mmol/l)     3.84 ±1.64     2.25 ±0.94     1.90 ±0.82 I–II: p <0.01
I–III: p <0.001

CATa (×106 IU/g Hb)     0.38 ±0.01     0.38 ±0.03     0.41 ±0.04 I–III: p <0.05

a  mean values ±standard deviation 
b  absolute values

Abbreviations: CAT – catalase activity in erythrocytes, Hb – hemoglobin level in peripheral blood, MDA + 4‑HNE – level of lipid peroxidation 
markers in blood, PEF – peak expiratory flow, RBC – peripheral blood erythrocyte count, others – see Table 1
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immediately detectable change in the spiromet‑
ric test in smokers is a decrease in the PEF rate. 
In a study conducted in 2000 on a group of 3004 
healthy young males aged 18–23, the PEF rate 
in smokers was statistically significantly lower 
than in the non‑smoker group (96.6% of a nor‑
mal value in smokers vs. 103% in non‑smokers, 
p <0.05).16 Although the current study did not 
demonstrate a  statistically significant differ‑
ence in the PEF rate between the study groups, 
it should be noted that the lowest PEF rate was 
characteristic of subjects with the highest ex‑
posure to ETS. Furthermore, the study showed 
a statistically significant adverse linear correla‑
tion between the PEF rate and the nicotine meta
bolite level in blood. This may indicate that pas‑
sive exposure to tobacco smoke also leads to to‑
bacco smoke‑related lesions in the human respi‑
ratory tract.

The smoker’s body is also subject to quantita‑
tive and qualitative changes in blood composition. 
It is assumed that active smokers demonstrate 
a significantly higher number of leukocytes in pe‑
ripheral blood.17,18 A number of neutrophils is par‑
ticularly increased.19 Moreover, the peripheral 
blood erythrocyte count and the hemoglobin lev‑
el are increased, and erythropoiesis is enhanced. 
This provides adaptation to chronic hypoxemia re‑
sulting from prolonged exposure to carbon oxide 
contained in tobacco smoke.20 Published data con‑
cerning altered complete blood counts in subjects 
with passive exposure to tobacco smoke are limit‑
ed, apart from being incomplete and contradicto‑
ry. Lack of statistically significant differences be‑
tween mean values of the erythrocyte count and 
the hemoglobin level in blood in the compared 
subgroups, with the simultaneous strong adverse 
linear correlation between nicotine metabolite 
levels and hemoglobin levels in blood in the sub‑
group with high exposure to ETS, seems to ex‑
clude the chance of identical mechanisms under‑
lying the impact of active and passive smoking 
on hematological parameters. The negative linear 
correlation between blood levels of hemoglobin 
and nicotine metabolite in subgroup I may even 
show no more options in adaptation of the body 
to changes occurring during clearly enhancedin‑
tensified exposure to ETS. For existing discrep‑
ancies, the impact of ETS on the erythrocytic sys‑
tem seems to require continuation and expand‑
ing research.

Most study findings seem to show that numer‑
ous oxidants in tobacco smoke induce oxidative 
damage and lead to enhanced oxidative modifica‑
tion of macromolecules.21 Smokers demonstrate 
increased amounts of generated reactive oxygen 
species resulting in lipid peroxidation products 
having documented cytotoxic effect.22 In a study 
conducted in 1994, Biagci et al. confirmed that 
oral administration of aqueous extracts of tobac‑
co to rats, in the amounts corresponding both 
to active and passive exposure in humans, in‑
duced peroxidation of microsomal and mitochon‑
drial lipids expressed by an increase in excretion 

DISCUSSION  According to NHANES III (Third 
National Health and Nutrition Examination 
Survey 1988–1991), passive exposure to tobac‑
co smoke assessed based on serum cotinine in‑
volves 87.9% of the USA population and is signif‑
icantly more common than it would appear from 
the results based on a questionnaire survey (43% 
of the subjects exposed to ETS).13 The proportion 
achieved in this study, i.e. almost 70% of subjects 
with the cotinine level in blood supernatant ex‑
ceeding 10 ng/ml, seems to demonstrate that ex‑
posure to ETS in Poland is also common. This re‑
sult exceeds the ones obtained in previous stud‑
ies made for selected populations in Poland based 
on questionnaire surveys, both multicenter and 
conducted by individual researchers.6,7,9

One of the most immediately revealed effects 
of cigarette smoking is airflow impairment, ex‑
pressed by abnormal spirometry results.14 Com‑
ponents of tobacco smoke contribute to activation 
of pulmonary macrophages. Release of several in‑
flammatory mediators and lytic enzymes (met‑
alloproteinases, elastase, cathepsin) by granulo‑
cytes, stimulated by cytokines secreted by mac‑
rophages, migrating to interstitial pulmonary 
tissue, favors the remodeling of the bronchial 
tree and in consequence leads to development 
of COPD.15 According to Lubiński et al., the most 
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level in this group. Scheffer et al., Marangon et al. 
or Mezetii et al. found lower vitamin E levels 
in the tested biological materials.25-27 However, 
according to Marangon et al., smoking results 
in an increase in the vitamin E level.28 Few pa‑
pers concerning vitamin C administration in sub‑
jects exposed to ETS indicated a decrease in ascor‑
bic acid levels in the body as a result of exposure 
to tobacco smoke. Significantly lower vitamin C 
levels in plasma of both active and passive smok‑
ers were found by Princen et al.29 and Howard 
et al.30 A similar result, but only for active smok‑
ers, was achieved by Riemersma et al.31 Accord‑
ing to the current state of knowledge, the im‑
pact of tobacco smoke on the activity of antioxi‑
dant enzymes is considered to depend on the size 
of the exposure dose and the duration of expo‑
sure. Exposure to small doses of tobacco smoke, 
corresponding to passive exposure to ETS, causes 
a transient increase in the activity of those en‑
zymes. On the other hand, exposure to high 
amounts of tobacco smoke compounds, of values 
typical of active smoking, results in exhausting 
the body’s adaptability and a decrease in the ac‑
tivity of antioxidant enzymes.32-34 This view is, 
however, a generalization, because there are re‑
ports on a different impact of smoking on the ac‑
tivity of antioxidative defense enzymes. Serwin 
and Chodynicka did not found statistically sig‑
nificant differences in activity of glutathione per‑
oxidase between smokers and non‑smokers.35 
Tabacova et al. observed increased CAT activi‑
ty in pregnant smokers, even in those, who had 
the smoking index (a product of smoking dura‑
tion in years and a number of cigarettes per day) 
>300.36 The adverse linear correlation between 
the cotinine level and CAT activity in erythro‑
cytes and statistically significantly lower CAT ac‑
tivity in subgroup I in comparison with subgroup 
III found in the current study also seem to ques‑
tion the above generalization. Probably even low 
passive exposure to tobacco smoke may result 
in exhaustion of adaptive antioxidative mecha‑
nisms. This in comparison with the study by Ta‑
bacova, may indicate the impact of other, except 
for exposure intensity only, factors on the direc‑
tion of changes in the antioxidant enzyme activi‑
ty in a body exposed to tobacco smoke. The pres‑
ence of individual tendency to faster collapse 
of mechanisms “removing” free radicals among 
part of the population exposed to ETS seems 
probable.

Oxidative stress is multifactorial. Considering 
numerous factors at the same time while deter‑
mining its level seems to be important. Available 
data do not provide consistent opinions concern‑
ing the determination of independent risk factors 
of oxidative stress. Based on the regression analy‑
sis, it was found that the high nicotine metabolite 
level and decreased antioxidant enzyme activity 
in blood could be used as such risk factors. The re‑
sulting model may serve as a prototype for fur‑
ther studies aiming at its confirmation, supple‑
mentation or verification. As for today, it seems 

of MDA, formaldehyde, acetaldehyde and acetone 
in urine.23 Likewise, Morrow et al. pointed out 
enhanced lipid peroxidation as a result of smok‑
ing in their study in 1995, when they used free 
and esterified F2‑isoprostanes as a lipid perox‑
idation marker.24 The current study might not 
only confirm the current concept that also pas‑
sive exposure to tobacco smoke induces lipid per‑
oxidation (statistically significantly higher levels 
of lipid peroxidation metabolites in the group 
of subjects of cotinine level >100 ng/ml in com‑
parison with the groups of moderate and low ex‑
posure to ETS), but shows a simple positive lin‑
ear association between the nicotine metabolite 
level in blood and the level of lipid peroxidation 
markers. This could lead to the conclusion that 
the influence of tobacco smoke on the body does 
not depend on the exposure mode (active or pas‑
sive), but on its intensity.

On the other hand, the impact of smoking 
on the body’s antioxidative defense, i.e. on the lev‑
els of nonenzymatic “scavengers” of free radicals 

– vitamins E and C, and enzymes (superoxide dis‑
mutase, glutathione peroxidase and CAT) is still 
not thoroughly examined. Published data assess‑
ing vitamin E management in subjects exposed 
to tobacco smoke yielded conflicting results. Most 
of the studies showed a decrease in the tocoferol 
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Figure 4  Association 
between blood levels 
of hemoglobin and 
nicotine metabolites 
(p <0.05) 
in the subgroup of males 
with high exposure 
to tobacco smoke 
(n = 38)
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educational interventions that focus on restrict‑
ing the widespread smoking habit and having 
been conducted in Poland for several years, ac‑
tions aiming at prevention of passive exposure 
to tobacco smoke, as a factor equally harmful 
to health, should be initiated. This suggestion 
is based on the fact that experience in the field 
of active smoking has unquestionably showed 
that in comparison with future costs of poten‑
tial treatment, modern prophylaxis is far more 
effective and cost‑effective.
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to provide some possibility of predictive determi‑
nation of oxidative stress intensity based on giv‑
en 2 independent risk factors.

The present study is not free from limitations 
and imperfections. The low enrolment of the study 
group, and in particular the subgroups established 
based on a criterion of nicotine metabolite levels 
in blood, could be recognized as one of its main 
limitations. Although the requirements of statisti‑
cal reliability of the study were met, i.e. the results 
were obtained in possibly homogenous groups 
consisting of more than 30 subjects, the enrol‑
ment was too low to provide direct generaliza‑
tions about the population. The equally important 
limitation is lack of the comparison between sub‑
jects exposed to tobacco smoke and active smok‑
ers coming from the same population. Studies 
with the same group selection are planned soon. 
In the present paper, the authors tried to concen‑
trate first of all on the interesting, in their opin‑
ion, comparison of the determined parameters be‑
tween non‑smokers (subgroup III could be recog‑
nized as such) and non‑smokers with passive ex‑
posure. Another limitation of the present study 
could be the assessment of respiratory function 
only based on PEF, instead of spirometry. The rea‑
sons for selection of such methodology were al‑
ready mentioned above.

Despite the described imperfections, the cur‑
rent study seems, in the authors’ opinion, to be 
the basis for further more accurate studies defin‑
ing the impact of passive smoking on the body’s 
condition. As mentioned above, the impact of pas‑
sive smoking on the human body has not been suf‑
ficiently explained and seems to require studies 
aiming at the determination of its mechanisms. 
Furthermore, the study can increase the level 
of social awareness with regard to toxicity of pas‑
sive exposure to tobacco smoke. Despite the fact 
that such exposure is common, the exposed per‑
sons often do not realize it. In the future, the re‑
sults of the studies may help assess changes 
in the exposure to tobacco smoke in the follow‑
ing years, and the obtained regression model, af‑
ter its previous confirmation, supplementation 
or positive verification, may be used for the pre‑
diction of oxidative stress intensity in the body, 
based on given 2 independent risk factors.

In  conclusion, passive exposure to  tobac‑
co smoke in the study population of students 
was found to be common. The observed effects 
of passive exposure to tobacco smoke are sim‑
ilar to the effects of active smoking. The same 
mechanisms as those indicated for active expo‑
sure are probably the basis of lesions developing 
in the body during passive exposure to tobacco 
smoke. The level of pulmonary macrophage acti‑
vation, oxidative stress intensification and dys‑
function of antioxidative defense mechanisms 
of the body during passive exposure to ETS does 
not differ significantly from the intensity of anal‑
ogous lesions developing in the body of an ac‑
tive smoker. Therefore, the authors suggest that 
apart from the continuation of integrated modern 



ORIGINAL ARTICLE  Levels of hemoglobin and lipid peroxidation metabolites in blood… 711

24  Morrow JD, Frei B, Longmire AW, et al. Increase in circulating prod‑
ucts of lipid peroxidation (F2‑isoprostanes) in smokers. Smoking as a cause 
of oxidative damage. N Engl J Med. 1995; 332: 1198‑1203.

25  Scheffler E, Wiest E, Woehrle J, et al. Smoking influences the athero‑
genic potential of low‑density lipoprotein. Clin Investig. 1992; 70: 263‑268.

26  Marangon K, Herbeth B, Lecomte E, et al. Diet, antioxidant status, and 
smoking habits in French men. Am J Clin Nutr. 1998; 67: 231‑239.

27  Mezzetti A, Lapenna D, Pierdomenico SD, et al. Vitamins E, C and lip‑
id peroxidation in plasma and arterial tissue of smokers and non‑smokers. 
Atherosclerosis. 1995; 112: 91‑99.

28  Marangon K, Herbeth B, Artur Y, et al. Low and very low density lipo‑
protein composition and resistance to copper‑induced oxidation are not no‑
tably modified in smokers. Clin Chim Acta. 1997; 265: 1‑12.

29  Princen HM, van Poppel G, Vogelezang C, et  al. Supplementation 
with vitamin E but not beta‑carotene in vivo protects low density lipopro‑
tein from lipid peroxidation in vitro. Effect of cigarette smoking. Arterio‑
scler Thromb. 1992; 12: 554‑562.

30  Howard DJ, Ota RB, Briggs LA, et al. Oxidative stress induced by envi‑
ronmental tobacco smoke in the workplace is mitigated by antioxidant sup‑
plementation. Cancer Epidemiol Biomarkers Prev. 1998; 7: 981‑988.

31  Riemersma RA, Wood DA, Macintyre CC, et al. Risk of angina pecto‑
ris and plasma concentrations of vitamins A, C, and E and carotene. Lancet. 
1991; 337: 1‑5.

32  Bolzán AD, Bianchi MS, Bianchi NO. Superoxide dismutase, catalase 
and glutathione peroxidase activities in human blood: influence of sex, age 
and cigarette smoking. Clin Biochem. 1997; 30: 449‑454.

33  Brown KM, Morrice PC, Arthur JR, et al. Effects of vitamin E supple‑
mentation on erythrocyte antioxidant defence mechanisms of smoking and 
non‑smoking men. Clin Sci. 1996; 91: 107‑111.

34  Kocyigit A, Erel O, Gur S. Effects of tobacco smoking on plasma seleni‑
um, zinc, copper and iron concentrations and related antioxidative enzyme 
activities. Clin Biochem. 2001; 34: 629‑633.

35  Serwin AB, Chodynicka B. [Smoking and glutathione peroxidase activ‑
ity in psoriasis patients]. Żyw Czł Metabol. 1999; 26: 57‑63. Polish.

36  Tabacova S, Little RE, Balabaeva L, et al. Complications of pregnancy 
in relation to maternal lipid peroxides, glutathione, and exposure to metals. 
Reprod Toxicol. 1994; 8: 217‑224.


