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ABSTRACT
Objective: The effects of cigarette smoking on human health are serious and in many cases, 
deadly. The aim of the present study was to assess the extent of adverse effects of cigarette 
smoking on biochemical characteristics of blood in male population of Quetta city in Pakis-
tan. 
Subjects and Method: One hundred and forty two male subjects participated in this study: 
smokers (n=71) and nonsmokers (n=71). The smokers were regularly consuming 11-20 ciga-
rettes per day for at least 3 years. Complete blood cell count were measured  by  Nihon Codon 
fully automatic Hematological analyzer.
Results: The smokers had significantly higher levels of white blood cell (p<0.027), red blood 
cell (p<0.011), hemoglobin (p<0.001) and hematocrit (p<0.006), whereas mean corpuscular 
hemoglobin concentration (p<0.009) and platelet crit (p<0.017) were significantly lower. 
Conclusion: In conclusion, our findings showed that continuous cigarette smoking has se-
vere adverse affects on hematological parameters (e.g., hemoglobin, hematocrit, WBC count, 
RBC count, and platelet crit) and these alterations might be associated with a greater risk for 
developing atherosclerosis, polycythemia vera, chronic obstructive pulmonary disease and/
or cardiovascular diseases. 
Key Words: Cigarette smoking, hematological parameters, blood cells count
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ÖZET
Amaç: Sigara kullanımının insan sağlığı üzerine olan etkisi ciddi boyutlardadır, hatta birçok 
durumda ölüme neden olmaktadır. Çalışmanın amacı Pakistan’ın Quetta şehrinde yaşayan 
erkeklerde sigara kullanımının kanın biyokimyasal özelliklerine olan yan etkilerinin araştı-
rılmasıdır. 
Yöntem: Çalışmaya yüz kırk iki erkek birey katılmıştır: Sigara kullanan bireyler (n=71) ve 
sigara kullanmayan bireyler (n=71). Sigara içen bireyler en az 3 senedir düzenli olarak günde 
11-20 sigara içen bireylerdir. Tam kan sayımı Nihon Codon tam otomatik hematolojik anali-
zör ile yapılmıştır. 
Bulgular: Sigara içen bireylerde beyaz kan hücreleri (p<0.027), kırmızı kan hücreleri 
(p<0.011), hemoglobin (p<0.001) ve hematokrit (p<0.006) düzeyleri belirgin bir şekilde yük-
sek, ortalama korpusküler hemoglobin derşimi (p<0.009) ve platelet crit (p<0.017) ise düşük 
bulunmuştur.
Sonuç: Çalışma bulguları sürekli sigara kullanımının hematolojik parametreler (hemoglobin, 
hematokrit, beyaz ve kırmızı kan hücrelerinin sayısı ve platelet crit vb.) üzerine ciddi yan 
etkilerinin olduğunu göstermektedir. Bu değişimler ateroskleroz, polisitemia vera, kronik 
obstrüktif akciğer hastalığı ve/vaya kardiyovasküler hastalıkların gelişimi ile ilişkili olabilir. 
Anahtar Kelimeler: Sigara kullanımı, hematolojik parametreler, kan sayımı
Çıkar Çatışması: Yazarlar hiçbir mali çıkar çatışması bulunmadığını beyan eder.

doi: 10.5505/tjb.2013.49369
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Introduction:
Tobacco cigarette smoking is one of the major leading 
causes of death and essential public health challenge in 
world over [1-2]. Smoking has both acute and chronic 
effect on hematological parameters. There are more 
than 4000 chemicals found in cigarette smoke [3], and 
a cigarette smoker is exposed to a number of harmful 
substances including nicotine, free radicals, carbon 
monoxide and other gaseous products [4]. It is widely 
known that smokers have higher risk for cardiovascular 
diseases, hypertension, inflammation, stroke, clotting 
disorder, and respiratory disease [5-11]. Moreover, ciga-
rette smoking accelerates pathogenesis in different type 
of cancers such as lung, pancreas, breast, liver and kid-
ney [2, 6-7]. Similarly, it also enhances pH in stomach 
that resulted in peptic ulcers and gastric diseases [1, 7-8]. 
During past decade, it was suggested that cigarette smo-
king affect the blood characteristics as well that leads 
to death. For example, relation between smoking and 
white blood cell count has been well established [5, 7-8]. 
In a number of studies, it has been found that smokers 
have higher white blood cell counts than nonsmokers [6, 
9-11]. Although in some earlier studies relationship bet-
ween smoking and red blood cell was found in smokers 
[12]. Some scientists suggested that increase in hemog-
lobin level in blood of smokers could be a compensatory 
mechanism. However, some were of view that smoking 
does not increase in hemoglobin level in all smokers and 
this relates to tolerance potential of individual to dif-
ferent kind of diseases. Moreover, episodic duration of 
smoking and age of individual might have changed the 
adverse effects of smoking on blood characteristics of 
human being. In view of these reports, a comparative 
analysis of blood hematology of male smokers and nons-
mokers from Quetta, Pakistan was carried out to assess 
the adverse effects of smoking on White Blood cells 
(WBC) counts, Red Blood cells (RBC), Hemoglobin 
(Hb), Mean Corpuscular Volume (MCV), Mean Corpus-
cular Hemoglobin (MCH), Mean Corpuscular Hemog-
lobin Concentration (MCHC), Hematocrit (HCT), Red 
Cell Distribution Width (RDW), Platelets (PLT), Platelet 
Crit (PCT), Mean Platelet Volume (MPV) and Platelet 
Distribution Width (PDW). 

Material and methods

Subjects
In present study we enrolled a total of 142 healthy adult 
male subjects including smokers (n=71) and non smo-
kers as control (n=71). The smokers were regularly con-
suming minimum of 11 cigarettes per day for at least 3 
years otherwise we consider them as non smokers. In 
our cohort, only male subjects passed the inclusion cri-
teria where as none of the female passed the inclusion 
criteria of consuming minimum of 11 cigarettes for at 
least 3 years and were excluded from study. Informed 
consent was obtained from all the participants, and the 

study was approved by ethical committee of the univer-
sity, prior to the start of study. The enrolled subjects did 
not had any serious health problem, no history of drug 
usage and none had donated or received blood in last 
6 months. The clinical data, medical history and other 
relevant information were collected from subjects by 
personal interview.  

Laboratory test
The blood samples were collected in the morning time 
9.00 to 10.00 am after an overnight fasting for at least 10 
hours. Venous blood samples were drawn in K3 EDTA 
(15%) Becton Dickinson Vacuum tubes and mixed gently. 
Complete Blood Count (CBC) was measured within 1-2 
hours of blood sampling by using Nihon Codon fully au-
tomatic Hematological analyzer (Nihon Kohden, Japan). 
The Hematological analyzer was calibrated by standar-
dized commercially available calibrators’ kit. CBC co-
unt (WBC, RBC, Hb, MCV, MCH, MCHC, HCT, RDW, 
PLT, PCT, MPV, and PDW) were measured in this study. 

Statistical analysis
Data analysis was performed using the Sigma state sta-
tistical software version 3.5. The Hematological values 
between smokers and nonsmokers were compared using 
unpaired “t” test. P value < 0.05 was considered for sta-
tistically significance.

Results
Table 1 shows general characteristics of smokers and 
non-smokers. The mean age of smokers and non-smokers 
were 33.85±7.28 and 32.19±7.17 years, respectively. We 
found that education level also play a role in smoking 
habit; for non-matriculate subjects, 29.57% were smo-
ker and 23.94% were non-smokers whereas for graduate 
subjects, 30.98% were smoker and 38.02% were non-
smokers. The smoking subjects were having weight of 
69.94±15.25 and non-smokers were having 72.85±11.19 
kg. The result of all hematological parameters between 
smokers and non-smokers are summarized in Table 2, 
and all parameters are expressed by Mean, Standard de-
viation (SEM) and P values. 
Table 2 shows the changes in hematological parameters 
of smokers and non-smokers: WBC, RBC, Hb, and HCT 
were significantly high; MCHC and PCT were signi-
ficantly low in smokers as compared to non-smokers; 
and MCV, MCH, RDW, PLT, MPV and PDW did not 
show any significant difference. Smokers had signi-
ficantly higher level of WBC count than non-smokers 
control group (7.6 x 103/ µl vs 6.9 x 103/µl). The Red 
blood cell count also showed significant increase in 
smokers than non-smokers (5.3 x 103/µl vs 5.06 x 103/µl). 
Similarly, smokers had significantly higher mean HCT 
49.67% than non-smokers 45.34% and hemoglobin va-
lues were also significantly higher in smokers 16.01 g/
dl than non-smokers 14.71 g/dl. On the other hand mean 
MCHC 32.56 g/100 ml and PCT 0.13% was significantly 
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Table 1: General characteristics of smokers and non-smokers subjects

Characteristics Smokers (n=71) Non-smokers (n=71)

Age (years)          33.85 ±7.28 32.19±7.17

15-25 6         (8.45%) 16       (22.53%)

26-35 37       (52.11%) 36       (50.70%)

36-45 28       (39.43%) 19       (26.76%)

Education              

Below 10th grade 21       (29.57%) 17	  	 (23.94%)

10th grade 10       (14.08%) 15       (21.12%)

12th grade 18       (25.35%) 12       (16.90%)

Graduation 22       (30.98%) 27       (38.02%)

Weight (kg) 69.94 ±15.25 72.85±11.19

Marital Status

Married 39       (54.92%) 33      (46.47%)

Unmarried 32       (45.07%)  38      (53.52%)

Values are expressed in Mean and SD, Number and (%) of subjects

Table 2: Hematological results showing that WBC, RBC, Hb, HCT, MCHC and PCT are significantly different in smokers as compared to 
control

Parameters# Smokers (n=71) Non Smoker (n=71)

P valueMean±SD Mean±SD

WBC (103/µl) 7.622 ±2.25 6.90 ±1.53 0.027*

RBC (103/µl) 5.38 ±0.87 5.06 ±0.59 0.011*

Hb (g/dl) 16. 01±2.45 14.71 ±1.43 0.001*

HCT 49.67 ±11.59 45.34 ±5.78 0.006*

MCV(fl) 90.26 ±14.23 88.61 ±8.62 0.404

MCH  (pg) 28.19 ±4.10 28.84 ±2.97 0.283

MCHC (g/dl) 31.50 ±2.55 32.56±2.18 0.009*

RDW (%) 13.28 ±1.73 12.83±0.11 0.102

PLT (103/µl) 252.25 ±71.53 270.28 ±60.25 0.107

PCT (%) 0.12±0.036 0.13 ±0.036 0.017*

MPV (fl) 5.26 ±1.16 5.28 ±0.95 0.905

PDW (%) 17.26 ±1.00 17.33±0.94 0.662

* Statistically significant
# Abbreviation used: White Blood cells (WBC), Red Blood cells (RBC), Hemoglobin (Hb), Hematocrit (HCT), Mean Corpuscular Volume 
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration (MCHC), Red Cell Distribution Width 
(RDW), Platelets (PLT), Platelet Crit (PCT), Mean Platelet Volume (MPV), and Platelet Distribution Width (PDW).
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low in non-smokers than smokers 31.5 g/dl and 0.12% 
respectively. 

Discussion
Tobacco smoking has been correlated to cause several 
major morphological and biochemical problems in in-
dividuals. In this study hematological parameters had 
been used for comparative analysis between smokers 
and non-smokers among local population of Quetta, Pa-
kistan. The experimental results showed significant dif-
ferences in hematological parameters of subjects; WBC, 
RBC, Hb and HCT were significantly high whereas 
MCHC and PCT were significantly low in smokers as 
compared to non-smokers. We did not find any signi-
ficant difference in MCV, MCH, RDW, PLT, MPV and 
PDW level.
Although strong epidemiological evidence links cigaret-
te smoking to cardiovascular disease, cancer and chro-
nic obstructive pulmonary disease (COPD), the exact 
mechanisms of these links remain poorly understood. 
Some of the adverse effects of smoking include: initia-
tion of endothelial injury [13], acceleration of coronary 
progression and new lesion formation [14] and overall al-
terations in lipid and hemostatic systems [15]. Detecting 
endothelial damage may be the most useful step in the 
early diagnosis of atherosclerosis. Although the endot-
helium releases many molecules into the circulation and 
arterial wall, not all of them are specific to the endothe-
lium and are therefore of limited research or diagnostic 
potential [16].
WBC count is perhaps the most useful, inexpensive and 
simple biomarker for endothelial damage. We found that 
regular smokers had significantly higher WBC count 
compared to non-smokers (P=0.027). The high WBC 
count in male smokers in this study is consistent with 
other published reports [10, 17]. Freedman et al. obser-
ved that median total leukocyte count was 36% higher 
in current smokers as compared to non-smokers [9]. The 
mechanism for smoking-induced increase in WBC co-
unt is not clear. It has been suggested that inflammatory 
stimulation of the bronchial tract induces an increase in 
inflammatory markers in the blood but it has also been 
suggested that nicotine may induce an increase in blo-
od lymphocyte counts [18-19]. While leukocytosis may 
simply be a marker of smoking-induced tissue dama-
ge, the high count can promote cardiovascular diseases 
through multiple pathologic mechanisms that mediate 
inflammation, plug the microvasculature, induce hyper-
coagulability and promote infarct expansion [2, 5, 10-19, 
20]. In fact several studies have shown that WBC count 
is an independent predictor of atherosclerosis and cardi-
ovascular disease [21-22]. The high WBC count in our 
male smoking subjects may also suggest that they might 
be at greater risk for developing atherosclerosis and car-
diovascular diseases than non-smokers. 
We observed that hemoglobin values were significantly 

high in smokers (P=0.001). Elevated levels of hemog-
lobin are correlated with increased numbers or sizes of 
RBCs. RBC values were significantly high in smokers 
than those of non-smokers (P=0.011) and are consistent 
with other investigations [1, 12, 20]. It is reported that 
high level RBC, WBC and Hematocrit are associated 
with blood viscosity and clotting in smokers [23-25]. 
High level of RBC is termed as polycythemia and very 
high RBC mass slows blood velocity and increase the 
risk of intravascular clotting, coronary vascular resis-
tance, decreased coronary blood flow, and a predisposi-
tion to thrombosis [26]. It has been established that fibri-
nogen levels are higher in smokers than in non-smokers, 
and it has been estimated that the increasing risk of 
cardiac disease in smokers may be associated with high 
fibrinogen levels through arterial wall infiltration and 
effects on blood viscosity, platelet aggregation, and fib-
rin formation [9, 27-28].
This elevation may lead to congenital heart disease, pul-
monary fibrosis and elevated erythropoietin [1, 11-12, 
20, 29]. The mechanism by which polycythemia causes 
thrombosis is still under investigation, but smoking ci-
garettes creates a unique condition of combined polyc-
ythemia to chronic hypoxia, leading to elevated red cell 
production due to an elevated carboxyhemoglobin level, 
with concomitant plasma volume reduction. Overall, 
thrombosis is a serious complication of polycythemia 
and can lead to death in up to 8.3% of patients [26, 30].
Hematocrit values were also significantly high in smo-
kers than those of non-smokers (P=0.006) and consis-
tent with previous findings [1, 11-12]. Higher levels of 
hematocrit may cause polycythemia vera (PV), a mye-
loproliferative disorder in which the RBCs are produced 
excessively by bone marrow, and also related to an inc-
reased risk of development of atherosclerosis and cardi-
ovascular disease [30].
In cigarette smoking, carbon monoxide (CO) is produ-
ced by the incomplete combustion of carbon-containing 
material. CO has a very high affinity for hemoglobin 
relative to that for oxygen (approximately 200-fold) [31]. 
Thus, CO displaces oxygen from hemoglobin in red cells 
to produce carboxyhemoglobin (COHb), which reduces 
the release of oxygen to tissues [32]. Higher levels of 
hematocrit and hemoglobin have been demonstrated in 
smokers, and these increases are likely to be compensa-
tory for exposure to CO [33]. Increased hematocrit and 
hemoglobin concentrations observed in smokers that 
may contribute to a hypercoagulable state [32, 34].
PCT were observed significantly low in smokers than 
non-smokers (P=0.017). Low PCT value indicates the 
platelet abnormality resulted by absence of a bone mar-
row response to a peripheral demand for platelets. We 
did not find any significant changes in platelets (PLT), 
mean platelet volume (MPV) or platelet distribution 
width (PDW) between smokers and non-smokers. The 
previous reports have shown that chronic smoking ca-
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is beneficial, if so to what extent smoking needs to be re-
duced for health benefits to occur and which biomarkers 
are most sensitive to measuring improved health. Re-
duction in smoking may be a good approach to engage 
subjects in treatment and may serve as a good stepping 
stone for individuals who are resistant to quitting.

Acknowledgement:
This research work was funded by Balochistan Univer-
sity of Information Technology Engineering and Mana-
gement Sciences, Quetta, Pakistan. We are thankful to 
all participants in this research work. 
MA, MR, ZU design the study and writeup the manusc-
ript. MA, TI, AM performed the laboratory work. SK, 
AC, MHA and MR analysed the data and critically revi-
sed the manuscript. 
Conflict of Interest: The autors declare that they have 
no competing financial interests.

References
[1]		  Kume A, Kume T, Masuda K, Shibuya F, Yamzaki H. Dose-de-

pendent effect of cigarette smoke on blood biomarkers in healthy 
volunteers: Observations from smoking and non-smoking. Jour-
nal of Health Sciences 2009; 55(2):259-264.

[2]		  Islam MM Amin MR, Begum S, Akther D, Rahman A. Total 
count of white blood cells in adult male smokers. J Bangladesh 
Soc Physiol 2007; 2:49-53.

[3]		  Green CR, Rodgman A. The tobacco chemists’ research confe-
rence: a half century forum for advances in analytical methodo-
logy of tobacco and its products. Recent Adv Tobacco Sci 1996; 
22:131–304.

[4]		  Gitte RN. Effect of cigarette smoking on plasma fibrinogen and 
platelet count. Asian Journal of Medical Sciences 2011; 2:181-
184.

[5]		  Abel GA, Hays JT, Decker PA, Croghan GA, Kuter DJ, et al. 
Effects of biochemically confirmed smoking cessation on white 
blood cell count. Mayo Clin Proc 2005; 80(8):1022-1028.

[6]		  Yarnell JW, Baker IA, Sweetnam PM, Bainton D, Obrien JR, 
et al. Fibrinogen, viscosity and white blood cell count are ma-
jor risk factors for ischemic heart disease. The Caerphilly and 
Speedwell collaborative heart disease studies. Circulation 1991, 
83:836-844.

[7]		  Carel RS, Eviatar J. Factors affecting leukocyte count in healthy 
adults. Preventive Medicine 1985; 14:607-619. 

[8]		  Torres de Heens GL, Kikkert R, Aarden LA, Velden Van der U, 
Loos BG. Effects of smoking on the ex vivo cytokine production. 
J Periodont Res 2009; 44:28-34. 

[9]		  Wannamethee SG, Lowe GD, Shaper AG, Rumley A, Lennon 
L, et al. Association between cigarette smoking, pipe/cigar 
smoking, and smoking cessation, haemostatic and inflam-
matory markers for cardiovascular disease. Eur Heart J 2005; 
26(17):1765-1773.

[10]		 Freedman DS, Flanders WD, Barboriak JJ, Malarcher AM, Ga-
tes L. Cigarette smoking and leukocyte sub population in men. 
Ann Epidemol 1996; 6(4):299-306.

[11]		 Tiel D, Van EL, Peeters HMP, Smit AH, Nagelderke JDN, Loon 
MVAJ, et al. Quitting smoking may restore hematological cha-
racteristics within five years. Ann Epidemiol 2002. 12:378-388.

[12]		 Tarazi IS, Sirdah MM, El Jeadi H, AlHaddad RM. Does 

uses platelet activation and smoking cessation impro-
ves platelet function [35-36]. However, Butkiewicz et 
al. studied the effect of smoking on platelet activation 
and some morphological parameters including MPV and 
they did not find any effect of smoking on MPV [37]. Si-
milarly, Arslan et al. investigated the effects of smoking 
on MPV in young healthy male population (smokers 56 
and non-smokers 46) and they found no significant dif-
ference in MPV between the smoking and non-smoking 
healthy male participant [38].
MCV, MCH and MCHC are three main red blood cell in-
dices that help in measuring the average size and hemog-
lobin composition of the red blood cells. Their values are 
derived from the Hb, HCT and RBC-count by mathema-
tical calculations; MCV = [HCT (%) x 10/RBC (million/
cmm)] fL; MCH = [Hb (g/dL)/RBC (million/cmm)] pg 
and MCHC = [Hb (g/dL)/HCT (%)] g/dL. We found inc-
rease in MCV and decrease in MCH and MCHC levels. 
MCV indicates the size of a red blood cell and presen-
ce 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 megalob-
lastic, hemolytic, pernicious or macrocytic anemia usu-
ally caused by iron and folic acid deficiencies. MCH is 
the average weight of hemoglobin that is present inside 
single red blood cell whereas MCHC denotes the amo-
unt of hemoglobin in a specific volume of ‘packed’ red 
corpuscles or cells. We found significantly low value of 
MCHC (p<0.009) among smokers indicating hypochro-
mic anemia and might be due to paucity of folic acid or 
vitamin B12 or thyroid problems. [39-40].

Conclusion
Our findings clearly show that continuous cigarette 
smoking has severe adverse affects on hematological 
parameters (e.g. hemoglobin, hematocrit, WBC count, 
RBC count and platelet crit). In our result RBC, WBC 
and HCT counts are significantly higher in smokers. 
Too many blood cells can make the smoker’s blood more 
viscous so the blood does not flow efficiently and can 
contribute to the formation of clots. This can increase 
the risk of clotting complications, such as stroke, heart 
attack, deep vein thrombosis or pulmonary embolism. 
This study suggests that these biomarkers might be asso-
ciated with a greater risk for developing atherosclerosis, 
polycythemia vera or cardiovascular diseases in smo-
kers as compared to non-smokers. The implications of 
these relationship range from helping to guide the medi-
cal work-up in a smoker with leukocytosis or erythrocy-
tosis to broadening our understanding of how smoking 
leads to atherosclerosis, polycythemia vera, chronic obs-
tructive pulmonary disease and cardiovascular disease.
Reduction in smoking does improve measures of some of 
these biomarkers, demonstrating that these biomarkers 
are sensitive to change in smoking intake. Additional 
research is clearly necessary to determine if reduction 



Turk J Biochem, 2013; 38 (1) ; 75–80. Asif et al.80

cigarette smoking affect the diagnostic reliability of hemoglobin 
a2d2 (HbA2). J Clin Lab Ana 2008; 22:119–122.

[13]		 Pittilo RM: Cigarette smoking, endothelial injury and car-
diovascular disease. Int J Exp Pathol 2000; 81:219–230.

[14]		 Waters D, Lesperance J, Gladstone P, Boccuzzi ST, Cook T, 
Hudgin R, Krip G, Higginson L. Effects of cigarette smoking 
on the angiographic evaluation of coronary atherosclerosis: a 
Canadian Coronary Atherosclerosis Intervention Trial (CCAIT) 
substudy. Circulation 1996; 94:614–621.

[15]		 Tsiara S, Elisaf M, Mikhailidis DP. Influence of smoking 
on predictors of vascular disease. Angiology 2003; 54:507–530.

[16]		 Blann AD, Lip GY. The endothelium in atherothrombotic 
disease: assessment of function, mechanisms and clinical impli-
cations. Blood Coagul Fibrinolysis. 1998; 9:297–306.

[17]		 Kawada T: Smoking-induced leukocytosis can persist af-
ter cessation of smoking. Arch Med Res 2004; 35:246–250.

[18]		 Calapai G, Caputi AP, Mannucci C, Russo AG, Gregg E, Pun-
toni R, Lowe F, McEwan M, Bassi A, Morandi S, and Nunziata 
A. Cardiovascular biomarkers in groups of established smokers 
after a decade of smoking. Basic & Clinical Pharmacology & 
Toxicology 2009; 104:322–328.

[19]		 Geffken D, Cushman M, Burke GL, Polak JF, Sakkinen 
PA, Tracy RP. Association between physical activity and mar-
kers of inflammation in a healthy elderly population. Am J Epi-
demiol 2001; 153:242–250.

[20]	 Bain BJ, Rothwell M, Feher MD, Robinson R, Brown J, et al. 
Acute changes in haematological parameters on cessation of 
smoking. J Royal Soci Med 1992; 85:80-82.

[21]		 Madjid M, Awan I, Willerson JT, Casscells SW. Leukocyte co-
unt and coronary heart disease: implications for risk assessment. 
J Am Coll Cardiol 2004; 44:1945–1956.

[22]	 Loimaala A, Rontu R, Vuori I, Mercuri M, Lehtimaki T, Ne-
nonem A, Bond MG. Blood leukocyte count is a risk factor for 
intimamedia thickening and subclinical carotid atherosclerosis 
in middle-aged men. Atherosclerosis 2006; 188:363–369.

[23]	 Ho CH. White blood cell and platelet counts could affect whole 
blood viscosity. J Chin Med Assoc 2004; 67(8):394-397.

[24]	 Simpson AJ, Gray RS, Moore NR, Booth NA. The effects of 
smoking on the fibrinolytic potential of plasma and platelets. Br 
J Haematol 1997; 97:208-213.

[25]	 Levenson AC, Simon FA, Cambien and C Beretti. Cigarette 
smoking and hypertension. Factors independently associated 
with blood hyperviscosity and arterial rigidity. Arterioscler 
Thromb Vasc Biol. 1987; 7:572-577.

[26]	 Ravala M and Paula A. Cerebral venous thrombosis and venous 
infarction: Case report of a rare initial presentation of smoker’s 
polycythemia case rep. Neurol 2010; 2:150–156.

[27]	 Hunter KA, Garlick PJ, Broom I, Anderson SE, McNurlan MA. 
Effects of smoking and abstention from smoking on fibrinogen 
synthesis in humans. Clin Sci 2001; 100:459 -465. 

[28]	 Danesh J, Collins R, Peto R, Lowe GD. Haematocrit, viscosity, 
erythrocyte sedimentation rate; meta-analysis of prospective 
studies of coronary heart disease. Eur Heart J 2000; 21:512-520.

[29]	 Milman N, Pedersen NA. Blood hemoglobin concentrations are 
higher in smokers and heavy alcohol consumers than in non-
smokers and abstainers should we adjust the reference range. 
Ann Hematol 2009; 88(7):687-694.

[30]	 Ferro JM, Canhao P, Stam J, Bousser MG, Barinagarremente-
ria F, ISCVT Investigators: Prognosis of cerebral vein and dural 
sinus thrombosis: results of the international study on cerebral 
vein and dural sinus thrombosis (ISCVT). Stroke 2004; 35:664–
670.

[31]		 Carallo C, Pujia A, Irace C, De Franceschi MS, Motti C, Gnasso 

A. Whole blood viscosity and haematocrit are associated with 
internal carotid atherosclerosis in men. Coron Artery Dis 1998; 
9:113–117.

[32]		 Cronenberger C, Mould RD, Roethig1 HJ, Sarkar M. Po-
pulation pharmacokinetic analysis of carboxyhaemoglobin con-
centrations in adult cigarette smokers Br J Clin Pharmacol 2007, 
65(1):30–39.

[33]		 Roethig HJ, Koval T, Muhammad-Kah R, Jin Y, Mendes 
P, Unverdorben M. Short term effects of reduced exposure to 
cigarette smoke on white blood cells, platelets and red blood 
cells in adult cigarette smokers. Regul Toxicol Pharmacol 2010; 
57:333–337.

[34]	 Leroy MC, Jarus-Dziedzic K, Ancerewicz J, Lindner D, Kulesza 
A, Magnette J. Reduced exposure evaluation of an Electrically 
Heated Cigarette Smoking System. Part 7: A one-month, rando-
mized, ambulatory, controlled clinical study in Poland. Regula-
tory Toxicology and Pharmacology 2012; 64: 74-84.

[35]	 Varol E, Icli A, Kocyigit S, Erdogan D, Ozaydin M, Dogan A. 
Effect of smoking cessation on mean platelet volume. Clin Appl 
Thromb Hemost 2012; (Epub ahead of print).

[36]	 Caponnetto P, Russo C, Di Maria A, et al. Circulating endothe-
lial coagulative activation markers after smoking cessation: a 
12-month observational study. Eur J Clin Invest 2011;41(6):616-
626.

[37]	 Butkiewicz AM, Kemona-Chetnik I, Dymicka-Piekarska V, 
Matowicka-Karna J, Kemona H, Radziwon P. Does smoking 
affect thrombocytopoiesis and platelet activation in women and 
men? Adv Med Sci 2006; 51:123-126.

[38]	 Arslan E, Yakar T, Yavasoglu I. The effect of smoking on mean 
platelet volume and lipid profile in young male subjects. Anado-
lu Kardiyol Derg 2008; 8(6):422-425.

[39]	Ghosh A, Chowdhury SD, Ghosh T. Undernutrition in Nepalese 
children: a biochemical and haematological study. Acta Paediatr 
2012; 101(6):671-676. 

[40]	 Ceylan C, Miskioğlu M, Colak H, Kiliççioğlu B, Ozdemir E. 
Evaluation of reticulocyte parameters in iron deficiency, vita-
min B(12) deficiency and beta-thalassemia minor patients. Int J 
Lab Hematol 2007; 29(5):327-334.


