ORIGINAL PAPER

doi: 10.5455/medarh.2017.71.132-136

MED ARCH. 2017 APR; 71(2): 132-136
RECEIVED: JAN 05, 2017 | ACCEPTED: JAN 25, 2017

! Department for Biochemistry and Clinical Analysis,
Faculty of Pharmacy, University of Sarajevo, Bosnia
and Herzegovina (BH).

2 General Hospital Tesanj, Tesanj, Bosnia and
Herzegovina (BH)

3 Faculty of Engineering and Natural Sciences,
International University of Sarajevo, Sarajevo, Bosnia
and Herzegovina (BH).

* Department for Clinical Pharmacy, Faculty of
Pharmacy, University of Sarajevo, Bosnia and
Herzegovina (BH).

® Faculty of Pharmacy, University of Sarajevo, Bosnia
and Herzegovina (BH).

Corresponding author: Coresponding author: ass.
prof. Malenica Maja, PhD, Faculty of Pharmacy,
University of Sarajevo, Sarajevo, Bosnia and
Herzegovina. Phone: +387 33 586188. E-mail:
malenica_maja@yahoo.com. ORCID ID: orcid.
0rg/0000-0002-3392-9778

© 2017 Maja Malenica, Besim Prnjavorac, Tamer
Bego, Tanja Dujic, Sabina Semiz, Selma Skrbo,
Amar Gusic, Ajla Hadzic, Adlija Causevic

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

132

Effect of Cigarette Smoking on
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ABSTRACT

Objective: Tobacco cigarette smoking is one of the major leading causes of death throughout
the world. Smoking has both acute and chronic effect on haematological parameters. The aim
of the present study was to assess the extent of adverse effects of cigarette smoking on bio-
chemical characteristics in healthy smokers. Subjects and Method: One hundred and fifty six
subjects participated in this study, 56 smokers and 100 non-smokers. The smokers were reg-
ularly consuming 10-20 cigarettes per day for at least 3 years. Complete blood cell count was
analyzed by CELL-DYN 3700 fully automatic haematological analyzer. Results: The smokers
had significantly higher levels of white blood cell (p<0,001), hemoglobin (p=0,042), mean cor-
puscular volume (p=0,001) and mean corpuscular hemoglobin concentration (p<0,001). All
other measured parameters did not differ significantly. Cigarette smoking caused a significant
increase (p<0,001) in red blood cells, white blood cells (p=0,040), hemoglobin (p<0,001),
hematocrit (p=0,047) and mean corpuscular hemoglobin (p<0,001) in males in comparison
to female smokers. Conclusion: In conclusion, our study showed that continuous cigarette
smoking has severe adverse effects on haematological parameters (e.g., hemoglobin, white
blood cells count, mean corpuscular volume, mean corpuscular hemoglobin concentration,
red blood cells count, hematocrit) and these alterations might be associated with a greater
risk for developing atherosclerosis, polycythemia vera, chronic obstructive pulmonary disease

and/or cardiovascular diseases.
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1. INTRODUCTION

According to the data of the World
Health Organization, approximate-
ly 5 million people die globally each
year from the diseases caused by
smoking, and if this trend continues,
it is expected that by 2015, that num-
ber would be 10 million.

Numerous studies indicated that
smoking had adverse effects on hu-
man health and represented a pre-
disposing factor for development
of various pathological conditions
and diseases, such as the chronic
obstructive pulmonary disease (1),
cancer (2), pancreatitis (3), gastro-
intestinal disorders (4), periodontal
disease (5), metabolic syndrome (6),
and some autoimmune diseases (7).

Cigarette smoking is associated
with an increased risk of cardiovas-
cular diseases, including coronary
artery disease, peripheral vascular
disease (8), ischaemic heart disease
(9), atherosclerosis (10), myocardial
infarction (10) and stroke (11).

The exact mechanisms of occur-
rence of these disorders in smokers

are not known, but it is presumed
that these effects are caused by ab-
normalities in the blood rheology, in-
fection and inflammation, oxidative
stress, and alterations of antithrom-
botic and fibrinolysis system.

Tobacco smoke contains over 4000
compounds that have a more or a
less adverse effect on human health,
among which free radicals, the nic-
otine and the carbon monoxide are
considered the most responsible for
pharmacological effects.

The nicotine induces formation
of a clot in the coronary arteries, it
weakens the vascular activity, and
increases endothelium dysfunction.
Increase in the level of carboxy-hae-
moglobin may cause hypoxia, and it
is also responsible for sub-endothe-
liaoedema considering that it alters
the vascular permeability and accu-
mulation of lipids (12).

Free radicals and peroxides from
the tobacco smoke are clearly linked
with  physiological phenomenon
such as synthesis of prostaglandins
and thromboxane, and they are also
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involved in the pathogenesis of various diseases includ-
ing atherosclerosis, carcinoma, and inflammatory pro-
cesses.

Effects of smoking on alterations of hemostatic and
fibrinolythic system, antioxidant status and hematolo-
gy parameters were extensively studied, but the studies
presented inconsistent results. The present study was
conducted to compare the effect of cigarette smoking on
some haematological parameters between smokers and
age-matched non-smoker controls.

2. METHODS

Patients

Present study was carried out to investigate the rela-
tionship effect of cigarette smoking on haematological
parameters in a group of clinically healthy volunteers. A
total of 156 subjects were enrolled in the study, 56 smok-
ers and 100 non-smokers in the age range 40-55 years.
The subjects were recruited from the Clinical Centre
of the University in Sarajevo and the General Hospital
Tesanj. The smokers were regularly consuming 10-20
cigarettes per day for at least 3 years. Each subject gave
an informed consent and study protocol was approved
by the Ethical Review Committee. Data on smoking hab-
its and the amount of tobacco consumed were collected
by a self-administered questionnaire to be filled in by the
participants. Subjects included in this study were free of
evidence of active liver and kidney disease, chronic pan-
creatitis, gastrointestinal disease, inflammatory bowel,
history of ischaemic heart disease or and diastolic blood
pressure, endocrine disorders, infection, and hormonal
therapy.

Anthropometric and biochemical measurements

In all the subjects arterial blood pressure, blood pres-
sure and anthropometric data (height, weight and waist
circumference) were measured. Waist circumference
was measured at the midpoint between the lowest rib
and the iliac crest. BMI was calculated as body weight
(kg) divided by body height (m) squared. Blood pressure
of each subject was measured with a mercury Sphygmo-
manometer and a standard stethoscope. Blood samples
were drawn after an overnight fast. Each test procedure
was carried out between 7-10 a.m.

The subjects underwent the following tests: Blood
pressure examination to rule out hypertension, estima-
tion of the serum lipid profile, evaluation of the fasting
and post prandial blood glucose levels to rule out diabe-
tes, red blood cell count, total leukocyte count, differen-
tial leukocyte count, platelet count, packed cell volume,
hemoglobin, serum urea and creatinine levels. Complete
blood cell count was analyzed by CELL-DYN 3700 fully
automatic haematological analyzer.

Statistical analysis

Statistical analysis was performed using SPSS version
20.0 (SPSS Inc.). Before statistical analysis, normal distri-
bution and homogeneity of the variances were tested us-
ing Kolmogorov-Smirnov test respectively. Groups were
compared using Student’s unpaired t test for parameters
with normal distribution or Mann—Whitney test for pa-
rameters with non-normal distribution. Correlations be-
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tween parameters were analyzed using the Pearson R test
for variables with normal distribution and the Spearman
test for variables with non-normal distribution. Data are
expressed as mean + standard deviation or medians (in-
terquartile range). P < 0,05 was considered significant.

3. RESULTS

Table 1 shows baseline characteristics of 156 subjects.
The Mean * SD age of subjects was 50,00 + 0,477 years.
All the subjects were normotensive having mean systolic
blood pressure 122,33 + 1,093 and mean diastolic blood
pressure 79.85 £ 0.498.

Variable Mean + SD Range

Age (years) 50.00 £ 0.477  (43-54)
BMI (kg/m?) 26.35+0.389  (23.9-27.9)
Waist circumference (cm) 0.86 = 0.05 (0.79-0.92)
Systolic blood pressure (mmHg) 126.33+1.093 (75-145)
Diastolic blood pressure (mmHg) 79.85+0.498  (50-110)

Table 1. Baseline characteristics of the subjects. Data expressed as
Mean = SD

Table 2 compares the haematological parameters be-
tween smokers and non-smokers which shows a statisti-
cally significant increase in total leucocyte count, hema-
tocrit, mean corpuscular hemoglobin and hemoglobin in
smokers. The rest of the parameters were not statistically
significant.

After the analysis of the effects of cigarette smoking on
haematological parameters of all the participants in the
study, we divided a group of smokers (n= 56) by sex. The
Table 3 shows that there was no statistically significant

Haematological Smokers Non-smokers
parameters (n=56) (n=100) p
WBC (x10e%L)  7.03(6.00-8.12) 6.00(4.89-7.11)  0.001*
Lymphocyte (%) 33.20 (24.58-39.35) gg.gg)(l&l& 0.097
Monocyte (%)  4.55(1.43-6.10) 4.50(0.00-6.00)  0.643
Granulocyte (%) 56.25 (50.08-64.83) 5590 (0.00- 0.675
65.90)
RBC (x10e'?/L)  4.88 (4.56-5.24) 4.88(4.53-5.22)  0.959
147.00 (132.60- 139.00(127.15- N
Hb (g/dL) 157.00) 151.30) 0.042
HCT (%) 41.65 +1.03 40.63 +0.55 0.336
84.00 (80.00- .
MCV (fL) 88.50(81.90-92.25) 88.00) 0.001
28.70(27.05- .
MCH (pg) 29.82(28.49-30.92) 29.75) <0.001
333.90 (324.00- 337.10(329.05-
MCHC@®L 344 15) 346.00) 0.526
RDW (%CV) 14.10(13.28-14.90) 12.28)03.50- 0.598

Table 2. Comparison of haematological parameters between smokers
and non-smokers. Data are presented as means + SD or medians
(interquartile range). *Significance of difference in Mann-Whitney

test for data following non-normal distributed and t-test for normal
distributed date. WBC-White blood cells, RBC-Red blood cells, HB-
Haemoglobin, HTC-Haematocrit, MCV-Mean Corpuscular Volume, MCH-
Mean Corpuscular Haemoglobin, MCHC-Mean Corpuscular Haemoglohin
Concentration, RDW-Red Blood Cell Distribution Width
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Variable Male smokers Female-smokers

(n=26) (n=30)
Age (years) 48.60+1.31 49.65+1.45 NS
BMI (kg/m?) 26.30(24.70-28.30)  26.19(23.90-27.90) NS
Waist circumfer- ) o9, 0,05 0.80+0.12 NS
ence (cm)
Systolicblood 10 56 1 378 130.43 + 1.682 NS
pressure (mmHg)
Diastolic blood * ¢ 11 51 83.40+1.436 NS

pressure (mmHg)

Table 3. Baseline characteristics of the smoker subjects -gender
differences. Data are presented as means + SD or medians (interquartile
range), NS-Non-significance of difference in Mann-Whitney test for data
following non-normal distributed and t-test for normal distributed date.
BMI-body mass index.

difference in age, body mass index (BMI), waist circum-
ference and blood pressure between the male and female
smokers.

The analysis of gender differences in the group of
smokers showed statistically significant difference in the
number of leukocytes. The values of leukocytes were sta-
tistically higher in male subjects compared to female re-
spondents. A statistically significant difference between
other parameters of white blood cells is not found. Male
population of smokers had a statistically higher values
for the number of red blood cells and hemoglobin, he-
matocrit, mean corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH) values (Table 4).

Haematological ~ Male-smokers Female-smokers
parameters (n=26) (n=30)
WBC (x10e%L)  7.67 +0.40 6.67 +0.287 0.040*
oy 29.80(22.65-  33.90(24.00-
Lymphocyte (%) 36.65) 40.78) 0.159
Monocyte (%) 4.50(0.00-5.80) 4.45(0.00-6.20) 0.571
oy 57.50(30.00-  55.10(36.15-
Granulocyte (%) 67.65) 62.63) 0.561
RBC (x10e?/L)  5.12+0.07 4.66 £0.06 <0.001*
HB (g/dL) 155.78 + 2.03 134.65+2.44 <0.001*
HCT (%) 43.84 +1.97 39.76 £ 0.76 0.047*
MCV (fL) 88.92+1.34 85.38+1.17 0.052*
30.58(29.75-  29.43(27.62- .
MCH (pe) 31.20) 30.32) 0.001
336.00(329.00- 335.75(323.75-
MCHC (g/L) 344.50) 345.20) 0.554
o 14.20(13.20-  14.10(13.29-
RDW (%CV) 14.80) 14.95) 0.722

Table 4. Differences haematological parameters hetween male and
female smokers. Data are presented as means + SD or medians
(interquartile range). *Significance of difference in Mann-Whitney

test for data following non-normal distributed and t-test for normal
distributed date. WBC-White blood cells, RBC-Red blood cells, HB-
Haemoglobin, HTC-Haematocrit, MCV-Mean Corpuscular Volume, MCH-
Mean Corpuscular Haemoglobin, MCHC-Mean Corpuscular Haemoglobin
Concentration, RDW-Red Blood Cell Distribution Width.

4. DISCUSSION

The results of our findings showed that cigarette smok-
ing has severe adverse effects on haematological param-
eters (e.g., hemoglobin - Hb, hematocrit - HCT, white
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blood cells count - WBC, red blood cells count - RBC,
MVC, MCH).

Smokers and non-smokers had almost equal values of
the total erythrocyte count. Statistically significant larg-
er values of erythrocytes were noted in male smokers in
relation to female smokers.

In our study, the values of hemoglobin were signifi-
cantly larger in smokers than in non-smokers regardless
of the sex, while there was no significant difference in
values of hematocrit between these two groups of sub-
jects. However, male smokers had significantly larger
values of hematocrit in relation to female smokers. The
significant increase in Hb in smoker group is correlated
with previous studies (13-15).

In study made by Lakshmi et al. (16) the hematocrit
and Hb level were significantly higher in smokers and
among the smokers the RBC count was significantly
increased as the intensity of smoking increases. White
head et al. in their study observed that hemoglobin con-
centration and hematocrit was significantly increased in
those smoking more than 10 cigarettes per day (17).

Increase in hemoglobin concentration is believed to
be mediated by exposure of carbon monoxide and some
scientists suggested that increase in hemoglobin level in
blood of smokers could be a compensatory mechanism.
Carbon monoxide binds to Hb to form carboxy hemo-
globin, an inactive form of hemoglobin having no oxy-
gen carrying capacity. Carboxyhemoglobin also shifts
the Hb dissociation curve in the left side, resulting in a
reduction in ability of Hb to deliver oxygen to the tissue.
To compensate the decreased oxygen delivering capac-
ity, smokers maintain a higher hemoglobin level than
non-smokers (18).

Increased number of erythrocytes and values of hema-
tocrit in male smokers can be explained by the fact that
tissue hypoxia caused by increased creation of carboxy
hemoglobin leads to an increased secretion of erythro-
poietin, thus increasing erythropoiesis. Carbon monox-
ide from the tobacco smoke also leads to an increase in
permeability of the capillaries which decreases the vol-
ume of plasma, which finally mimics the condition of
polycythemia, characterized by an increased share of the
erythrocytes in the blood volume, which is reflected also
through increased values of hematocrit (14, 19).

MCV, MCH and MCHC are three main red blood cell
indices that help in measuring the average size and he-
moglobin composition of the red blood cells.

Our study established significantly larger values of
mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH) among smokers, while differences in
values of MCHC and RDW were not significant between
smokers and non-smokers. Larger values of MCV and
MCH in smokers, in relation to non-smokers were con-
firmed by other studies as well (20, 21). In the study of
Kung et al. (21), the values of these parameters exceeded
the values of the reference interval and were characteris-
tic for findings for some diseases such as kidney dysfunc-
tion, hyperuricaemia, hypertensio nor hypercholesterol-
emia. These results contradict the results of the study
Pankaj et al. (22) who did not find any significant changes
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in MCV and MCH between smokers and non-smokers.
They found significantly low value of MCHC (p<0,009)
among smokers.

In contrast our finding, in study made by Salamzadeh,
the amounts of MCH and MCHC in the smoker group
were significantly lower (p<0,05) compared to those of
the non-smoker group (23). No difference was observed
between the platelets count and MCV in two groups.

Asif et al. found increase in MCV and decrease in
MCH and MCHC levels in smokers (24). MCV indi-
cates the size of a red blood cell and presence of red cells
smaller or larger than normal size means the person has
anemia, elevated levels of MCV in our study indicates
that subjects might suffer from megaloblastic, haemo-
lytic, pernicious or macrocytic anemia usually caused by
iron and folic acid deficiencies.

MCH is the average weight of hemoglobin that is
present inside single red blood cell whereas MCHC de-
notes the amount of hemoglobin in a specific volume of
‘packed’ red corpuscles or cells.

Our study established a significantly larger number
of leukocytes in smokers of both sexes, in relation to
non-smokers. Also, the values of leukocyte count were
statistically significantly larger in male smokers.

The increased total leukocyte count observed in smok-
ers is similar to earlier studies (25, 26). Although the ex-
act mechanism of how smoking increases the number
of leukocytes is not fully clarified, the smoking induced
leukocytosis has several factors and can be explained in
different ways.

Some authors claim that increase in the number of
leukocytes can be the consequence of nicotine induced
release of catecholamine and steroid hormones from the
core of the adrenal gland. It is known that increase in the
level of certain endogenic hormones, such as epineph-
rine and cortisol, result in increase in the number of leu-
kocytes (27, 28). Additionally, the irritating effect of the
tobacco smoke on the respiratory tree with the resulting
inflammation can also contribute to increase in the num-
ber of leukocytes. It was established that inflammatory
stimulation of the respiratory tract induces the increase
of the inflammatory markers in circulation, especially
cytokines, which affect the number of leukocytes.

The best characterized responses of microcirculation
to inflammation include a decreased vasomotor func-
tion, reduced capillary perfusion, adhesion of leukocytes
and thrombocytes, activation of coagulation cascade and
increased thrombosis, increased vascular permeabili-
ty, and increase in the rate of proliferation of blood and
lymphatic vessels. The answer to inflammation is activa-
tion of various cells that normally circulate in the blood
(leukocytes, thrombocytes) or exist in the walls of blood
vessels (endothelial cells, pericytes) or in the perivascu-
lar space (fat cells, macrophages) (29).

Adhesion of leukocytes on vascular endothelium is a
trademark of inflammatory processes. Leukocytes are
tied to endothelium and stay inert, after which they can
migrate in the intercellular space between those very
cells. The whole process of leukocyte adhesion on en-
dothelium cells is regulated by sequential activation of
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various families of adhesion molecules, which are sit-
uated on the cell surface and facilitate cell interaction,
fixation of the cells on the wall of blood vessels, and
their movement. Lecithin-like adhesion glycoproteins,
so called selectins, mediate in movement of leukocytes,
while firm adhesion and subsequent trans-endothelium
migration of leukocytesis mediated by interaction of in-
tegrin (CD11/CD18, VLA-4) situated on leukocytes and
immunoglobulin-like adhesion molecules on endotheli-
um cells ICAM-1, VCAM-1) (30).

It is possible that increased number of leukocytes in
peripheral blood of healthy smokers is linked with the
phenomenon of cell movement from other lymphoid or-
gans in the peripheral blood or that smoking decreases
the ability of adhesion of these cells on endothelium cells
of blood vessels, which leads to general increase in the
number of blood cells (31).

Reports on differential blood work related with smok-
ing are not consistent. Aula and Qadir demonstrated sig-
nificant increase in leukocytes, neutrophils, eosinophils,
basophils, lymphocytes and monocytes in smokers in re-
lation to the control group of non-smokers (32).From the
other side, Kastelein et al. established no significant dif-
ference in values of neutrophils in middle-aged smokers
and non-smokers (33). The same results were demon-
strated by our study as well, where the values of granulo-
cytes, which include neutrophils, were not significantly
increased. However, unlike the study of Kasteleinaet al.,
which established in smokers statistically significantly
larger values of basophils, lymphocytes and monocytes,
our study did not confirm the influence of the smoking
status on the said parameters of the white blood line in
healthy volunteers.

It is assumed that atherogenic effect of cigarette smok-
ing may be partially mediated by leukocytes. The Leu-
kocyte number represents maybe the most useful and
simple biomarker of endothelium damage. Presence of
chronically increased number of leukocytes in smokers
contributes in pathogenesis of smoking related diseases,
especially ischaemic vascular disease, considering that
increase in aggregation of leukocytes predisposes mi-
crocirculatory occlusion and vascular damage. Several
studies confirmed that the number of leukocytes rep-
resents an independent predictor of atherosclerosis and
cardiovascular diseases (34, 35). High leukocyte number
in smokers, especially in males, established in our study;,
points that they have a higher risk of atherosclerosis and
cardiovascular diseases in relation to non-smokers.

5. CONCLUSION

From the present study, we can concluded that con-
tinuous cigarette smoking increases erythrocyte count,
hemoglobin concentration, hematocrit, leukocyte count,
mean corpuscular volume and mean corpuscular hemo-
globin concentration and these alterations might be as-
sociated with a greater risk for developing atherosclero-
sis, polycythaemiavera, chronic obstructive pulmonary
disease and/or cardiovascular diseases.
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