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Abstract

Objectives: This study aimed at determining the effects of
cigarette smoking based on gender, on several hematologi-
cal parameters and von Willebrand factor protein in the
asymptomatic Arab population of Kuwait. Subjects and
Methods: Ninety-two subjects participated in this study: 55
males (31 smokers and 24 nonsmokers) and 37 females (18
smokers and 19 nonsmokers). Complete blood count results
were obtained using Beckman Coulter Hematology Analyz-
er.Von Willebrand factor functional activity was determined
using an enzyme-linked immunoassay-based test in which
anti-von Willebrand factor IgG monoclonal antibody was
used that recognizes a functional epitope of the protein. The
coagulation profile was obtained using ACL® 9000 coagula-
tion analyzer. Results: Male smokers had significantly higher
levels of white blood cell count (p =0.03) and von Willebrand
factor protein levels (p = 0.029), and a significantly shorter
thrombin time (p = 0.019) than nonsmokers. Smoking did
not appear to affect any of the parameters analyzed in fe-
males as no significant difference was found between smok-
ers and nonsmokers (p > 0.05). Conclusion: Our results

showed that smoking affected white blood cell count and
von Willebrand factor levels in males and not in females, and
as such could be potential markers for smoking-induced en-
dothelial damage in asymptomatic Arab male smokers.
Copyright © 2008 S. Karger AG, Basel

Introduction

A strong correlation has been found between cigarette
smoking and atherosclerosis and cardiovascular disease
(1, 2]. Several studies have considered endothelial injury
to be a key initiating event in the pathogenesis of cardio-
vascular disorders [3-5]. However, the precise patho-
physiology of the adverse effects of smoking on endothe-
lium is not very clear. Potential mechanisms for smoking-
induced damage include increased platelet reactivity and
aggregability [6], change in lipids and lipoprotein levels
[7, 8], alteration in hemostasis system [9], and increased
counts and activation of neutrophils [10, 11].

Smoking has also been shown to influence levels of
von Willebrand factor protein (vWF). vWE, synthesized
and stored in endothelial cells and megakaryocytes, has
been reported to be a useful marker for endothelial cell
damage [11-13]. This protein, which acts as a carrier and
stabilizer for factor VIIL, was reported to facilitate platelet
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aggregation and adhesion to the subendothelium of an
injured vessel wall [12].

As smoking has been reported to cause morphological
and biochemical disturbances to the endothelium [5],
this effect is associated with increased levels of vWF due
to endothelial injury by smoke components including
nicotine, carbon monoxide and free radicals [10, 14, 15].
However, there are conflicting reports regarding the ef-
fects of smoking on vVWF levels in the two sexes [16], and
amongst smokers of different consumption levels [17].
Also, very few published studies have examined vVWF in
the Arab population [18] and, to our knowledge, none in
Arab female smokers.

In this study, a comparative analysis was done between
smokers and nonsmokers of both sexes in the Arab popu-
lation of Kuwait. We investigated the effects of smoking
on white blood cell (WBC) counts, platelet counts, pro-
thrombin time, activated partial thromboplastin time,
thrombin time and vWTF levels.

Materials and Methods

Subjects, Blood Counts and Coagulation Analysis

The subjects included 55 males (31 smokers and 24 nonsmok-
ers) and 37 females (18 smokers and 19 nonsmokers). Average age
and range for male smokers and nonsmokers were 36.5 (20-75)
years and 26 (19-57) years, respectively. Those of female smokers
and nonsmokers were 38.5 (23-64) years and 22 (19-57) years,
respectively. Cigarette consumption was classified according to
the criteria of Rastogi et al. [19]: mild, 1-10 cigarettes/day; moder-
ate, 11-20 cigarettes/day; heavy consumption, >20 cigarettes/day.
The subgroup of male smokers consisted of 8 mild smokers, 14
moderate smokers and 9 heavy smokers, whereas in the female
subgroup there were 9 mild smokers, 7 moderate smokers and 2
heavy smokers. Informed consent was obtained from the sub-
jects.

Two tubes of venous blood were collected early in the morning
from each subjectin a fasting state of atleast 12 h. K3-EDTA (15%)
Becton Dickinson vacuum collection tubes were used for com-
plete blood count determination and sodium citrate (3.8%) Bec-
ton Dickinson vacuum collection tubes for the analysis of coagu-
lation profiles and vWF. Complete blood count was determined
using GenS™ Haematology Analyzer (Beckman Coulter Co.,
USA). The coagulation profile for 60 subjects, including pro-
thrombin time, activated partial thromboplastin time and throm-
bin time, was obtained using ACL® 9000 Coagulation Analyzer
(Beckman Coulter Co., USA).

Determination of vVWF Functional Activity Levels

Within 2 h of blood collection, plasma was separated by cen-
trifugation at 1,500 g for 15 min. vWF levels were measured using
enzyme-linked immunoassay (Shields Diagnostics Ltd., Dundee,
UK). The assay utilizes a monoclonal antibody RFF-VIIL:R/1 that
specifically recognizes the GP1ba binding domain on vWF (an
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epitope that reflects vVWF function [20]). The assay was performed
in duplicate for each sample according to the manufacturer’s di-
rections. In brief, plasma was added to wells of microtiter plates
coated with a preparation of purified murine anti-vWF IgG
monoclonal antibody. After 1-hour incubation, successive washes
were done and a secondary antibody (a conjugate of horseradish-
peroxidase-labeled mouse anti-human monoclonal anti-vWF
conjugate) was added. After a final wash, the specifically bound
antibody was traced by the addition of a substrate solution. The
optical density at 450 nm was determined using a microwell read-
er system (Organon Teknika, The Netherlands). Test samples
were compared with a calibration curve prepared using reference
plasma calibrated against the 4th international standard for factor
VIII and vWF in plasma (code: 97/586).

Statistical Analysis

Data were analyzed using the statistical package for social sci-
ences (SPSS, PC version 14.0; SPSS Inc., Chicago, Ill., USA). The
quantitative variables were examined for normality with Kolmogo-
rov-Smirnov test. The descriptive statistics are presented as medi-
ans with interquartile and range. Any association between gender
and smoking status was ascertained with y?-test. Hematological
values between smokers and nonsmokers were compared using
nonparametric Mann-Whitney test. A general linear model uni-
variate procedure was also applied to see any individual or interac-
tion effect of smoking on hematological values in the two sexes. A
two-tailed p value <0.05 was considered statistically significant.

Results

Analysis of hematological findings between smokers
and nonsmokers, for males and females, is shown in ta-
ble 1. A significant increase in the median WBC count
(8.5 vs. 7.1 X 10%/1; p = 0.03) and vWF levels (114 vs. 60
1U/d]; p = 0.029) was observed between male smokers and
nonsmokers. Male smokers presented with significantly
lower thrombin time values (18.0 s) compared to non-
smokers (19.5 s; p = 0.019). No statistically significant dif-
ference was observed between female smokers and non-
smoker in any of the parameters analyzed (p > 0.05).
Also, there was no statistically significant association be-
tween cigarette consumption rate in both sexes and the
hematological parameters studied (p > 0.05).

Despite significant differences in age between smokers
and nonsmokers in both sexes (p = 0.019 for male,
p = 0.000 for female), general linear model univariate
analysis showed that age was not a significant contributor
to any of the differences seen between the parameters an-
alyzed (p > 0.05); only smoking had a significant effect on
the differences observed in WBC counts and vWF levels
(p = 0.042 and 0.043, respectively). This finding was also
confirmed using regression analysis (results not shown).
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Table 1. Hematological findings by gender between smokers and nonsmokers

Parameter Male p value Female p value
smokers nonsmokers smokers nonsmokers

WBC count (4.8-11.2 X 10%1)  8.5(5.1-23.7)  7.1(5.1-9.3) 0.03* 7.7 (4.6-11) 7.5(4.7-10.5)  0.533
Plt count (150-400 X 10°%/1) 243 (91-324) 248 (172-364) 0.285 262 (167-417) 275 (157-366)  0.796
vWF functional activity levels

(50180 TU/dl)! 114 (10-256) 60 (18-145) 0.029* 110 (14-214) 100 (14-238) 0.543
PT (10-13 s) 10.9 (10.2-12.5)  11.1(10.3-12.8)  0.901 10.8 (10.3-11.7) 11.5(10-13.7) 0.056
APTT (30-40s) 33 (18.4-46.5) 33 (27.6-45.6) 0.633 30.8 (24-36) 31 (28.5-50.4) 0.161
TT (15-19 s) 18 (16.5-22)  19.5(17.5-20.1)  0.019* 17.1 (16.5-23.5) 18.9 (16-19.8) 0.171

Pt = Platelet; PT = prothrombin time; APTT = activated partial thromboplastin time; T'T = thrombin time. p value representing

significant difference: * p < 0.05.

! Eighty percent of subjects fall within the normal range. The percentage of subjects <50 and >80 1U/dI correlates with the percent-

age reported by the manufacturer for asymptomatic subjects.

Discussion

Although strong epidemiological evidencelinks smok-
ing to cardiovascular disease, the exact mechanisms of
this link remain poorly understood. Some of the adverse
effects of smoking include: initiation of endothelial in-
jury [3-5], acceleration of coronary progression and new
lesion formation [21], and overall alterations in lipid and
hemostatic systems [7-10]. Detecting endothelial damage
may be the most useful step in the early diagnosis of ath-
erosclerosis. Although the endothelium releases many
molecules into the circulation and arterial wall, not all of
them are specific to the endothelium and are therefore of
limited research or diagnostic potential [11]. VWF is per-
haps the most useful marker for endothelial damage as it
is specific to endothelial cells, stable and may be relevant
to the disease process [11].

WBC count is another inexpensive and simple marker.
In this study, the high WBC count in male smokers is
consistent with other published reports [10, 22-24]. While
leukocytosis may simply be a marker of smoking-induced
tissue damage, the high count can promote cardiovascu-
lar diseases through multiple pathologic mechanisms
that mediate inflammation, plug the microvasculature,
induce hypercoagulability and promote infarct expan-
sion [25, 26]. In fact several studies have shown that WBC
count is an independent predictor of atherosclerosis and
cardiovascular disease [25, 26]. The high WBC count in
our male smoking subjects may suggest that they might
be at greater risk for developing cardiovascular diseases
than nonsmokers.

Smoking and vWF in Arab Smokers

Another inflammatory marker (fibrinogen) was also
reported to be elevated in smokers compared to non-
smokers in several published studies [24, 27, 28]. Al-
though fibrinogen levels were not measured in our sub-
jects, the short thrombin time value (the time required
for thrombin to convert fibrinogen to an insoluble fibrin
clot) reported in our study is a strong indicator of elevat-
ed levels of fibrinogen in smokers. This test has been re-
ported to be directly affected by abnormal/high levels of
fibrinogen [29, 30]. The higher levels of fibrinogen in
male smokers may promote cardiovascular disease by af-
fecting blood viscosity, platelet aggregation and general
fibrin formation [24]. This finding was not seen in female
smokers in our study (as previously reported [27]).

The vWF was significantly higher in male smokers
compared to nonsmokers (p = 0.029) as previously re-
ported [17]. Measuring vVWF using an assay that measures
functional activity of the protein was reported to corre-
late strongly with vWF antigen levels in normal subjects
(r=0.90), and to differentiate between functionally active
VvWF from degraded antigen [31]. The high levels ob-
served in male subjects imply injury to the endothelium.
Although the mechanism by which smoking influences
the release of vVWF remains unclear, it has been proposed
that this increase may be due to cytotoxic effects of lipid
peroxidase formed by oxygen free radicals, and the ef-
fects of nicotine and carbon monoxide among others [10,
14, 15].

Smoking did not appear to affect any of the parame-
ters analyzed in female smokers (p > 0.05). This finding
is not consistent with previously published work regard-
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ing the adverse effects of smoking in females, where
smoking was reported to increase WBC count [22], and
VWF levels in female subjects [16] as reported in Western,
non-Arab populations. The reason for the lack of an effect
in our sample population is unclear, but may be related to
low cigarette consumption rate in female compared to
male subjects. Fifty percent of female smokers in our
study were classified as mild smokers (<10 cigarettes/
day), compared to 25% of male smokers. A positive cor-
relation between adverse effects of smoking and daily us-
age of cigarettes has been reported [3, 16], with males dis-
playing earlier and more intensive use of cigarettes [2].

The small number of female smokers in this study may
also contribute to the lack of effect observed here. It is
worth mentioning that it was extremely difficult to re-
cruit female smokers in this study as social constraints in
Middle Eastern societies make it difficult for women to
openly discuss their smoking behavior.

There is some controversy in the literature regarding
gender differences and the effects of smoking. Prisco et
al. [16] reported that smoking increased vVWF in both sex-
es. Kumari et al. [17], on the other hand, reported an in-
crease in VWF levels in male smokers but a lack of such
an effect in females as in our study. The differences in
findings may be explained by diverse ethnic composition
and the amount of cigarettes smoked in these studies.

It has been reported that there is a strong association
between race and vWF [18, 32]; therefore, the influence

References

of racial origin should always be considered in the labora-
tory evaluation of vWE. Although the effects of smoking
on VWF had been investigated previously [9, 10, 16, 17],
the contribution of our work lies in the ethnicity of the
subject group as studies focusing on Arab subjects are
limited. Results of this work will allow better understand-
ing of smoking-related hematological alterations in this
part of the world.

Conclusion

Our results showed that cigarette smoking affected
WBC counts and vWF levels in male but not in female
subjects and as such could be potential markers for smok-
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