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INTRODUCTION

 

Total and subtypes of white blood cell counts have been as-
sociated with cardiovascular disease, respiratory function
and symptoms, and cancer (1–8). Several mechanisms un-
derlying these associations have been proposed (1–3, 7, 9).
It is unclear, however, whether this is a direct effect or just
a reflection of other underlying risk factors.

The strongest known correlate of the leukocyte count is

 

cigarette smoking, with smokers having higher mean counts

 

than never smokers (1–6, 10–15). Some studies reported
an increase in leukocyte count with number of cigarettes
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PURPOSE:

 

To describe the cross-sectional association of counts of total and subtypes of leukocytes,
platelets, and selected characteristics of red blood cells with intensity of cigarette smoking and smoking
cessation.

 

METHODS:

 

The study population consisted of 16,254 men and women 20–70 years of age who partici-
pated in the Dutch European Prospective Investigation into Cancer and nutrition (EPIC) subcohort,
1995–1997. Linear regression analysis was performed, for both sexes separately, to study the relation be-
tween various measurements of smoking habits and hematologic characteristics.

 

RESULTS:

 

Among current smokers, in both genders, packyears and daily number of cigarettes were asso-
ciated with increased leukocytes (6–19%), lymphocytes (4–14%), monocytes (3–9%), neutrophils (7–
24%), platelets (1–5%), mean corpuscular volume (0.4–2%), hematocrit (0.3–4%), hemoglobin (0.3–
4%), and mean corpuscular hemoglobin (0.8–2%). In subjects who had quitted smoking within two years
before blood measurement, hematological characteristics in most cells were similar as in never smokers,
whereas normal counts of lymphocytes and monocytes were observed only 2–5 years after quitting.

 

CONCLUSIONS:

 

Our findings suggest a marked influence of current smoking habits on leukocyte
counts and, to a lesser extent, on counts of erythrocytes and platelets. Following smoking cessation, at
least five years have to pass before changes in all hematological parameters may return to normal values.
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smoked daily and a decrease after cessation of smoking (9–
11, 13, 14). Unlike total leukocyte count, the associations
between leukocyte subpopulations and smoking habits, in-
cluding the effect of quitting, have not been explored ex-
tensively. The studies, mostly conducted in men, which
did, reported positive associations between smoking and
counts of the leukocyte subpopulations, neutrophils, eosi-
nophils, monocytes, and lymphocytes (2, 9, 10, 16).

Cigarette smoking is also reported to be related to the
red blood cell population and thrombocytes. Helman and
coworkers reported a lower erythrocyte count in male
smokers than in never smokers, while no relation was found
in women (17). In both genders, in comparison to never
smokers, smokers have higher values of mean corpuscular
volume, hematocrit, hemoglobin, mean corpuscular hemo-
globin, and platelet count (11, 17–21). Green and cowork-
ers, however, showed a lower platelet count in female
smokers than in never smokers (19).

The purpose of this cross-sectional study is to further ex-
plore and quantify the association of total counts and sub-
populations of leukocytes, counts of platelets, and selected
characteristics of red blood cells to various measures of in-
tensity of cigarette smoking and smoking cessation in men
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and women. The study was conducted in 16,254 subjects,
20 to 70 years of age, who participated in the Dutch EPIC
cohort (European Prospective Investigation into Cancer
and nutrition), 1995–1997.

 

MATERIALS AND METHODS

Study Population

 

The population of the present study was derived from the
MORGEN-EPIC and the PROSPECT-EPIC studies, con-
ducted from 1993 up to 1997, which represent the Dutch
part of the EPIC study, a large international cohort study
investigating the relation of lifestyle factors with the devel-
opment of chronic diseases (22).

The population sample of the MORGEN-EPIC study
consisted of men and women 20–65 years of age residing in
three Dutch towns, Maastricht, Amsterdam, and Doet-
inchem. During the study period, in Amsterdam and Maas-
tricht each year new age- and sex-stratified random samples
were drawn. In Doetinchem, subjects, who first had been
examined in the previous monitoring project during 1987–
1992, were re-examined in 1993–1997, whereas for moni-
toring purposes small samples of subjects 20–25 years of age
were added each year.

The PROSPECT-EPIC cohort consisted of women, 49
to 70 years of age, recruited from among participants of the
national breast cancer screening program in Utrecht. Par-
ticipants of both studies received two questionnaires to
complete at home, viz. a general and a dietary question-
naire, and were invited to attend a medical examination at
the Municipal Health Service of each town and at the
breast cancer-screening center, respectively. The mean re-
sponse rate of the MORGEN-EPIC study in 1995, 1996,
and 1997 was 43%, whereas the PROSPECT-EPIC study
had a mean response rate in 1995 and 1996 of 38%. In
1993, the MORGEN-EPIC and PROSPECT-EPIC studies
were approved by the medical ethical committees of TNO
and of the Academic Hospital Utrecht, respectively.

 

Blood Collection and Assay

 

Since June 1995, with the exception of the participants of
the mobile breast cancer screening program, at the medical
examination at entry into the cohort, a blood sample was
drawn of all subjects in an EDTA monovette for measure-
ment of the complete differential five-population cell
count, and the red blood cell and platelet counts.

In the MORGEN-EPIC study, in the peripheral study
centers, the samples were kept at room temperature for
thirty minutes to three hours, allowing slight swelling of
cells and stabilization of size, after which they were stored
at 

 

�

 

5 

 

�

 

C and transported overnight in a coolbox to the
central Cryolaboratory of RIVM.

In the PROSPECT-EPIC study, the samples were stored
at room temperature until the arrival at the central Cry-
olaboratory at the end of the day. During the night, the
samples were stored at 

 

�

 

5 

 

�

 

C. The next day the samples of
both studies were again kept at room temperature for at
least thirty minutes and measured in a Coulter counter
MAXM.

The short-term stability of the hematologic characteris-
tics during the interval between collection until measure-
ment next day has been tested (Vijfvinkel KI, Stability of
blood parameters, 1996). It was concluded that an interval
up to 24 hours had only little influence (Spearman correla-
tion: 0.84–0.99) on all parameters, with the exception of ba-
sophils, and mean corpuscular haemoglobin concentration.

During January 1996 up to December 1997, we partici-
pated in the Interlaboratory Quality Assurance Program by
Coulter Corporation, Miami, Florida. According to this
program, only our mean platelet volume measurements
were not reliable. Consequently, total white and red blood
cell count, percentages of subpopulations of white blood
cells (except basophils), mean corpuscular volume, hemo-
globin, and platelet count, which were all directly mea-
sured, were available for analysis. The computed hematologic
characteristics, which were available, were absolute counts
of lymphocytes, monocytes, neutrophils, and eosinophils
and hematocrit, and mean corpuscular hemoglobin.

 

Questionnaires

 

At entry into the cohort smoking history was assessed by a
general questionnaire. First, subjects were asked whether
they smoked cigarettes at the time of study entry. If so, they
were asked how many cigarettes per day they currently
smoke and whether they usually smoke filter or non-filter
cigarettes. Former smokers were asked for the age at quit-
ting. Among ever smokers, information was elicited on age
at start of smoking, whether they had stopped for a while,
and if so, how many years they had stopped and the amount
of cigarettes per day in the past.

The MORGEN questionnaire contains a single question
on the usual number of cigarettes smoked in the past,
whereas the PROSPECT questionnaire assessed past inten-
sity of smoking by asking how many cigarettes were smoked
at ages 20, 30, 40, and 50 years. Therefore, in the latter
study, the usual daily number of cigarettes smoked in the
past was estimated by the daily number of cigarettes at the
particular age multiplied by the years smoked in the follow-
ing ten years. In both studies, packyears, representing life-
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time consumption, was defined to be the product of years of
smoking with the mean of the daily number of cigarettes
smoked currently and in the past, divided by 20 (the aver-
age number in a packet of cigarettes). During the medical
examination, the subjects were asked whether they had
smoked cigarettes during 24 hours prior to drawing the
blood sample (yes; no).

Alcohol intake (g/day) was assessed by the dietary ques-
tionnaire, which included questions on the usual drinking of
different types of alcoholic beverages (23). Body mass index

 

was defined as weight/body height

 

2

 

 (kg/m

 

2

 

) and diastolic blood
pressure (mmHg) as the mean of two measurements. Women,
who did not menstruate the preceding 12 months and were
not pregnant, were classified as post-menopausal. Selfreported
surgical removal of the uterus or both ovaries was treated as
missing regarding menopausal status.

From June 1995 up to December 1997, at baseline
20,797 subjects were examined in both cohorts. During this
period, blood cell counts were not available either because
the blood was not collected for women examined in mobile
screening program (

 

n

 

 

 

�

 

 4375) or the blood was collected
but the sample was too small or the blood had clotted (

 

n

 

 

 

�

 

10). Two subjects were excluded because their blood sam-
ples were considered to be abnormal by the lab technician.
Valid smoking data were missing for 156 subjects. There-
fore, the final study population amounts to 16,254 subjects,
i.e., 4668 men and 5609 women from MORGEN-EPIC and
5977 women from PROSPECT.

 

Data Analysis

 

The SAS version 6.12 package was used for statistical anal-
yses. In all analyses, 

 

p

 

-values below 0.05 were considered to
be statistically significant. Since true underlying increases
in absolute cell counts of specific cell types (computed by
multiplying directly measured proportions with the inde-
pendently measured white blood cell count) may show up
as apparent stable or even decreases in directly measured
proportions, computed absolute counts were used in the
analyses. Freedman and coworkers suggested to control for
differential counts in the analyses, because of interrelation-
ships between these counts (9). Clearly, however, correc-
tion for other subtypes would imply correction for smoking,
and therefore, no such correction was performed in the re-
gression analyses.

Linear regression analysis was performed, using proce-
dure GLM, for both sexes separately, to study the cross-sec-
tional relation between various measurements of smoking
intensity and the hematologic characteristics measured
only once at entry into the cohort. For comparability with
published literature, the analysis was stratified by sex. The
dependent variable in all regression analyses was the blood
parameter of interest, and the independent variables in-
cluded the smoking variables of interest and age. Age, as a

 

continuous variable, was included in all models. In order to
obtain comparable regression coefficients, the daily num-
bers of filter and non-filter cigarettes were both included as
independent variables in the regression model. The distri-
butions of most hematologic values were approximately
log-normal; therefore, natural log-transformation was ap-
plied for all dependent variables. Consequently, regression
coefficients indicate the change in percentage of the blood
parameter of interest. Values for percentage differences
were obtained by exponentiating and multiplication by 100
of regression coefficients.

Sex, age, alcohol intake, body mass index, and diastolic
blood pressure tend to be correlates of smoking habits (20,
24) and could potentially be correlates of peripheral blood
counts (10, 13–14, 20, 25, 26). Menopausal status has been
related to a lower leukocyte and neutrophil count and a
higher MCV and could potentially be related to smoking
habits (27, 28). The potential confounding effect of drink-
ing alcohol, body mass index, mean diastolic blood pres-
sure, and menopausal status was assessed simultaneously by
comparing the regression coefficients of the smoking vari-
ables of models with and without these potential confound-
ers. As these potential confounders did not essentially
change these regression coefficients, they were not included
in the final regression models.

Therefore, all regression models included the log-trans-
formed blood parameter of interest as dependent variable,
and smoking variables of interest and age as explanatory
variables. Because some data on smoking were missing, the
exact number of subjects on which the linear regression
analyses were based may differ (maximum missing: 6.7%).

 

RESULTS

 

The sample of 16,254 subjects in our analyses included
4668 men and 11,586 women. Among men, mean age was
42.7 years (SD 

 

�

 

 11.0) (Table 1). Male smokers, who did
not smoke 24 hours prior to drawing the blood sample
(9.6%), had a relatively low mean current dose of 3.4 (SD 

 

�

 

7.2) cigarettes per day. Among women, mean age was 49.1
years (SD 

 

�

 

 11.5). The mean current dose of the female
smokers, who did not smoke 24 hours prior to drawing the
blood specimen (9.8%), was low too and amounted to 2.5
(SD 

 

�

 

 4.8) cigarettes per day. For both genders, geometric
means of all hematologic values were higher among current
smokers than among never smokers and former smokers,
except for the red blood cell count, which was slightly
lower in smokers (Tables 2 and 3).

In both sexes, counts of leukocytes, leukocyte subpopu-
lations, and platelets were higher among current smokers
than among those who never smoked with the largest pro-
portional increase for eosinophils (

 

�

 

 50%) (Table 4). Eosi-
nophils, however, were not related to smoking intensity.
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An increase with usual daily number of cigarettes was seen
for lymphocytes, monocytes, neutrophils, and platelets,
with the largest increase for neutrophils (21–25% per 20
cigarettes/day). No difference was seen between the effect
of daily number of filter and non-filter cigarettes on the
white blood cells and platelets (data not shown). With the
exception of eosinophil count, among current smokers all
counts increased with lifetime number of cigarettes smoked,
but these increases were lower than 10% per packyear.

In contrast to elevated levels seen in current smokers,
former smokers, even those who had quit in the previous
year, clearly had smaller positive differences with never
smokers in leukocyte subtypes and platelets (Figure 1). For
reasons of scale, findings on eosinophils were not graphed.
The neutrophil count showed no difference between former
smokers and never smokers already one year after quitting.
Values of lymphocyte and monocyte counts equal to those
in never smokers were seen only several years after quitting,
e.g., only among those who had quit five years or longer the
lymphocyte count was not anymore different from the
count in never smokers. Not only a long-term effect of quit-
ting was seen. Compared to smokers who did smoke within
24 hours of the measurement, even not smoking in the 24
hours prior to drawing the blood sample was associated with
lower levels in neutrophils of 7–15%, in lymphocytes of
6–9%, whereas a lower count of monocytes was seen in
women only (Table 4).

Overall, relations of smoking habits with characteristics
of red blood cells were considerably weaker than with white
blood cells. In both genders, mean corpuscular volume
(MCV) and mean corpuscular hemoglobin (MCH) were
higher in current smokers than in never smokers (2–4%),

whereas the red blood cell count was lower in current
smokers (1–2%) (Table 5). In men and women, higher lev-
els of MCV, hematocrit, hemoglobin, and MCH were
shown with increasing daily number of cigarettes (1–4%
per 20 cigarettes). Despite the depressed levels of erythro-
cyte counts in current smokers in both genders, only in
women, a small unexpected increase in erythrocyte count
was seen the more cigarettes were smoked each day. No
difference was seen in the effect of daily number of filter
and non-filter cigarettes on the red blood cells (data not
shown). A small increase of MCV, hematocrit, and hemo-
globin was shown with lifetime number of cigarettes
smoked.

In both genders, the longer ago subjects had quit the
smaller the difference in red blood cell counts with never
smokers (Figure 2). In men, two years after quitting no dif-
ference in red blood cell count, MCV, and MCH could be
seen anymore between former and never smokers; in
women, the difference between former and never smokers
seems to continue longer than five years after quitting. In
women only, where current smokers had higher hematocrit
and hemoglobin values than never smokers, already among
those who stopped smoking within the previous year, he-
matocrit and hemoglobin values were the same as in never
smokers. Compared to male smokers who did smoke within
the prior 24 hours, in men not smoking for 24 hours prior to
measurement lower counts of MCV and MCH were seen
(Table 5).

 

DISCUSSION

 

The results of this large-scale study demonstrate that, in
both genders, cigarette smoking is positively associated
with total leukocyte and differential counts, and to a lesser
extent, platelets, and characteristics of the red blood cell
population. In contrast, smoking is inversely associated
with the number of red blood cells. These results are consis-
tent with previous studies (2, 9–11, 16–21, 29). Impor-
tantly, we found that in those who had quit within the last
two years most hematological characteristics were similar to
levels in never smokers, however, for lymphocytes and
monocytes this was the case five years after quitting only.
Finally, compared to those who continued to smoke, sev-
eral hematological characteristics in subjects not smoking
within the 24 hours preceding the measurement were con-
siderably closer to levels in never smokers.

Certain limitations of our analysis need to be pointed
out. First, since in our cross-sectional analyses relations can
only be examined between questionnaire and laboratory
measures in different individuals made at one point in time,
despite the fact that an effect of hematological characteris-
tics on smoking habits is not biologically plausible, a pos-
sible temporal relationship between changes in smoking

 

TABLE 1.

 

Selected characteristics of the study population, 
Dutch EPIC cohort, 1995–1997

 

Men
(

 

n 

 

�

 

 

 

4,668)
Mean (SD) or %

Women 
(

 

n 

 

� 

 

11,586) 
Mean (SD) or %

Age 42.7 (11.0) 49.1 (11.5)
Alcohol intake (g/day)

 

a

 

17.9 (21.0) 9.1 (12.5)
Mean diastolic blood pressure 

(mmHg)

 

a

 

79.3 (10.6) 76.8 (10.7)
Smoking status

 

a

 

Never smokers 30.7 40.3
Former smokers 33.2 31.0
Current smokers 36.1 28.7

Within current smokers
Cigarettes/day 14.9 (9.9) 13.2 (8.8)
Packyear

 

a

 

18.7 (15.6) 16.8 (12.4)
Filter use

 

a

 

45.4 74.9
Not smoked last 24 hours

 

a

 

9.6 9.8
Within former smokers

Years since quitting

 

a

 

13.0 (9.1) 14.9 (10.0)

 

a

 

For some variables number of valid observations were slightly less than
total.
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habits on changes in hematologic characteristics can only
be assumed but not definitely proven. Next, selective inclu-
sion, or exclusion of subjects with specific hematological
characteristics due to the moderate mean response rates in
both substudies, i.e., 38 and 43%, cannot be excluded.
However, it is difficult to envisage how selection bias could
have influenced the observed associations between smok-
ing and hematological characteristics.

A non-response study comparing nonrespondents and re-
spondents of the MORGEN-study indicated a selective loss at
baseline of currently smoking subjects and nonconsumers of
alcohol. Yet, in a further follow-up study of the MORGEN

respondents, associations between smoking status and socio-
economic status or perceived health were not different be-
tween respondents and nonrespondents (van Loon et al.,
submitted for publication). Further, characteristics of platelets
and white and red blood cells were measured approximately
24 hours after drawing blood. Although this may have intro-
duced measurement error, the relatively high correlation co-
efficients, obtained in the stability study, indicate that even
after 24 hours ranking is largely preserved. Finally, adjustment
for a variety of potential confounders did not materially
change our findings. Yet, residual confounding can not be ex-
cluded as for example in the inconsistency found in the effect

 

TABLE 2.

 

Men: geometric mean (esd

 

a

 

) values of the hematologic characteristics by smoking status, Dutch EPIC cohort, 1995–1997

 

Men (

 

n

 

 

 

�

 

 4665)

Smoking status

Never smokers
(

 

n

 

 

 

�

 

 1434)

Current smokers

 

b

 

Former smokers
(

 

n

 

 

 

�

 

 1547)
1

 

st

 

 tertile
(

 

n

 

 

 

�

 

 559)
2

 

nd

 

 tertile
(

 

n

 

 

 

�

 

 557)
3

 

rd

 

 tertile
(

 

n

 

 

 

�

 

 568)

WBC count (10

 

9

 

/L) 5.8 (1.3) 6.1 (1.3) 6.5 (1.3) 7.4 (2.1) 8.2 (1.3)
Lymphocyte (10

 

9

 

/L) 1.7 (1.3) 1.8 (1.4) 2.0 (1.3) 2.2 (1.4) 2.3 (1.4)
Monocyte (10

 

9

 

/L) 0.5 (1.8) 0.5 (1.6) 0.5 (1.4) 0.6 (2.0) 0.6 (2.4)
Neutrophil (10

 

9

 

/L) 3.3 (1.4) 3.4 (1.4) 3.6 (1.4) 4.5 (1.4) 4.8 (1.5)
Eosinophil (10

 

9

 

/L) 0.1 (12.7) 0.1 (8.9) 0.2 (5.6) 0.2 (6.4) 0.2 (5.2)
Platelet count (10

 

9

 

/L) 225.2 (1.3) 230.5 (1.2) 227.3 (1.3) 235.2 (1.3) 239.9 (1.3)
RBC count (10

 

12

 

/L) 5.1 (1.1) 5.0 (1.1) 5.0 (1.1) 4.9 (1.1) 5.0 (1.1)
MCV (fl) 90.0 (1.0) 90.8 (1.0) 91.3 (1.0) 92.7 (1.0) 92.8 (1.0)
Hematocrit (L/L) 0.46 (1.07) 0.46 (1.06) 0.46 (1.06) 0.46 (1.07) 0.46 (1.06)
Hemoglobin (mmol/L) 9.6 (1.1) 9.5 (1.1) 9.5 (1.1) 9.6 (1.1) 9.6 (1.1)
MCH (fmol) 1.9 (1.0) 1.9 (1.1) 1.9 (1.1) 1.9 (1.1) 1.9 (1.1)

Missing: 3.

 

a

 

esd, exponent (sd

 

ln

 

); approximate 25% and 75% percentiles can be computed by dividing and multiplying the geometric mean by esd 

 

0.675

 

.

 

b

 

Cut off: 

 

� 

 

10 cigarettes per day and 

 

� 

 

19 cigarettes per day.

 

TABLE 3.

 

Women: geometric mean (esd

 

a

 

) values of the hematologic characteristics by smoking status, Dutch EPIC cohort, 1995–1997

 

Women (

 

n

 

 

 

�

 

 11,578)

Smoking status

Never smokers
(

 

n

 

 

 

�

 

 4671)
Former smokers

(

 

n

 

 

 

�

 

 3586)

Current smokers

 

b

 

1

 

st

 

 tertile
(

 

n

 

 

 

�

 

 1168)
2

 

nd

 

 tertile
(

 

n

 

 

 

�

 

 1127)
3

 

rd

 

 tertile
(

 

n

 

 

 

�

 

 936)

WBC count (10

 

9

 

/L) 6.1 (1.3) 6.0 (1.6) 6.6 (1.3) 7.6 (1.7) 8.2 (1.3)
Lymphocyte (10

 

9

 

/L) 1.7 (1.4) 1.7 (1.5) 1.9 (1.4) 2.1 (1.4) 2.3 (1.3)
Monocyte (10

 

9

 

/L) 0.4 (1.8) 0.4 (1.8) 0.4 (2.1) 0.4 (1.7) 0.5 (1.8)
Neutrophil (10

 

9

 

/L) 3.6 (1.5) 3.6 (1.4) 3.9 (1.4) 4.7 (1.4) 5.0 (1.5)
Eosinophil (10

 

9

 

/L) 0.1 (26.9) 0.1 (25.2) 0.1 (15.5) 0.1 (14.4)  0.1 (15.1)
Platelet count (10

 

9

 

/L)  251.3 (1.3)  252.9 (1.3) 251.4 (1.3) 257.1 (1.3) 262.0 (1.3)
RBC count (10

 

12

 

/L) 4.5 (1.1) 4.4 (1.1) 4.4 (1.1) 4.4 (1.1) 4.5 (1.1)
MCV (fl) 89.5 (1.1) 90.4 (1.1) 91.4 (1.0) 92.8 (1.1) 93.4 (1.1)
Hematocrit (L/L) 0.40 (1.08) 0.40 (1.08) 0.40 (1.09) 0.41 (1.09) 0.42 (1.08)
Haemoglobin (mmol/L) 8.3 (1.1) 8.3 (1.1) 8.4 (1.1) 8.6 (1.1) 8.7 (1.1)
MCH (fmol) 1.9 (1.1) 1.9 (1.1) 1.9 (1.1) 1.9 (1.1) 2.0 (1.1)

Missing: 8.
aesd, exponent (sdln); approximate 25% and 75% percentiles can be computed by dividing and multiplying the geometric mean by esd 0.675.
bCut off: � 9 cigarettes per day and � 15 cigarettes per day.
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of the number of cigarettes smoked on erythrocyte count
across gender, i.e. depressed levels in smoking men were seen
with a negative effect of dose, whereas women had depressed
levels in current smokers with a positive effect of dose.

Lymphocytes and neutrophils were the cell types most
strongly associated with number of cigarettes per day and
packyears, which is consistent with findings in previous
studies (9, 16). Despite the fact that filter tips reduce tar
and nicotine (30), we could not demonstrate a difference
between the effects of daily number of filter and non-filter
cigarettes on the white blood cells and platelets. Therefore,
the substances present in the filter are possibly not respon-
sible for the changes in the hematologic characteristics.
The mechanism by which cigarette smoking induces
changes in leukocyte and platelet counts is unclear. A per-
sistent positive association between smoking and white
blood cell and platelet counts may well reflect an acute or
chronic inflammatory response induced by particulates of
cigarette smoke (6, 11, 13, 17). Also glycoprotein from to-

bacco leaf may stimulate lymphocyte proliferation and dif-
ferentiation, possibly by interacting with a specific membrane
component (25).

Counts of leukocyte subtypes have been associated with
several diseases and even some quantitative relations be-
tween white blood cells and diseases have been reported. A
decrease in leukocyte count of 1000/mm3 (9–25% increase)
has been related to a decrease of 14% in the risk for cardio-
vascular heart disease death (1). And an increase of the leu-
kocyte count of 10% has been related to 6.3% increase in
chronic cough, 6.6% increase in wheezing and 8.9% in-
crease in chronic bronchitis (8). Furthermore, each in-
crease in monocytes of 100/mm3 (13–50% increase) has
been associated with an increase of 15% in the risk for car-
diovascular heart disease (29). These changes were of a
magnitude similar to the associations we found with smok-
ing. Substances, released by leukocytes and platelets, could
be pathogenic in cancer, cardiovascular and pulmonary dis-
eases (1–3, 7, 9–10, 29, 31–34).

TABLE 4. Percentage differences in hematological characteristics of white blood cells and platelets between various (ex)smoking 
categories and non-smoking (reference) by gender, Dutch EPIC cohort, 1995–1997

WBC Lymphocyte Monocyte Neutrophil Eosinophil Platelet 

�a (SEb) �a (SE)  �a (SE) �a (SE) �a (SE) �a (SE)

Men
Smoking statuse

Never smokers Reference
Former smokers
� 1 year since quitting 7.4d (2.7) 12.9d (2.4) 13.0d (4.7) 2.9 (2.7) 17.8 (17.3) 1.6 (1.9)
1–2 years since quitting 5.0 (4.1) 11.4d (3.6) 6.4 (7.1) 1.5 (4.1) 3.6 (26.1) 7.4d (2.8)
2–5 years since quitting 6.0d (2.7) 9.7d (2.4) 9.8d (4.7) 4.1 (2.7) 42.5d (17.2) 3.6d (1.9)
	 5 years since quitting 
0.6 (1.4) 0.5 (1.3) 2.3 (2.5) 
1.3 (1.4) 16.1 (9.1) 1.4 (1.0)
Current smokers 23.1d (1.2) 21.4d (1.1) 17.9d (2.1) 25.6d (1.2) 50.4d (7.8) 3.8d (0.8)

Within current smokers
Cigarettes/daye 17.4d (2.3) 11.7d (1.5) 7.6d (3.3) 21.3d (1.8) 3.0 (8.7) 5.7d (1.2)
Not smoked last 24 hrsf 
9.8d (4.1) 
5.6d (2.7) 
4.0 (6.0) 
14.7d (3.2) 
2.0 (15.6) 1.3 (2.2)
Packyearsg 6.3d (0.9) 4.3d (0.6) 3.8d (1.3) 7.7d (0.7) 
2.8 (3.4) 1.7d (0.5)

Women
Smoking statusc

Never smokers Reference
Former smokers
� 1 year since quitting 4.1d (2.0) 9.0d (2.0) 8.1d (3.4) 1.7 (2.1) 39.3d (17.2) 2.2 (1.3)
1–2 years since quitting 0.3 (3.2) 4.6 (3.1) 4.3 (5.3) 
2.8 (3.3) 2.3 (27.3) 0.7 (2.1)
2–5 years since quitting 3.6 (2.0) 6.3d (1.9) 
4.2 (3.3) 2.8 (2.1) 
5.3 (17.1) 1.1 (1.3)
	 5 years since quitting 
1.1 (0.9) 
1.0 (0.9) 3.1d (1.5) 0.6 (0.9) 1.3 (7.5) 0.6 (0.6)
Current smokers 19.2d (0.8) 18.5d (0.8) 12.2d (1.4) 21.5d (0.9) 43.1d (7.1) 1.7d (0.5)

Within current smokers
Cigarettes/daye 20.9d (1.5) 15.6d (1.2) 10.0d (2.6) 25.4d (1.4) 
1.9 (10.7) 3.6d (1.0)
Not smoked last 24 hrsf 
7.1d (2.4) 
8.5d (2.0) 
9.8d (4.2) 
7.2d (2.3) 
20.5 (17.4) 
1.1 (1.6)
Packyearsg 7.6d (0.6) 5.6d (0.5) 4.8d (1.0) 8.5d (0.6) 0.8 (4.1) 1.4d (0.4)

aAge-adjusted regression coefficients (�10
2), indicating change in percentage.
bSE: standard error.
cModel includes smoking status and age.
dp-value � 0.05.
eModel includes daily number of cigarettes and age; regression coefficients indicate change per 20 cigarettes/day.
fModel includes smoking 24 hours prior to drawing the bloodsample (yes; no), daily number of cigarettes and age.
gModel includes packyears and age; regression coefficients indicate change per 10 packyears.
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FIGURE 1. A. Levels of leukocytes and thrombocytes after smoking cessation in men: MORGEN-EPIC, 1995–1997. B. Levels of leuko-
cytes and thrombocytes after smoking cessation in women: MORGEN-EPIC, 1995–1997 and PROSPECT-EPIC, 1995–1996. �, WBC; �
lymphocytes; �, monocytes; *, neutrophils; •, thrombocytes.
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The overall effects of smoking on characteristics of the
red blood cell population were less than on the white blood
cell population. The results showed increases in MCV, he-
matocrit, hemoglobin, and MCH with daily number of cig-
arettes and packyears. An increased hematocrit may reduce
the coronary blood flow and increase adhesion of platelets
to the aortic subendothelium, which may contribute to the
early formation of atherosclerosis (35) and thromboembolic
disease (17). Some possible mechanisms are reported by
which cigarette smoking could cause such changes in the
red blood cells. Carbon monoxide, one of the chemicals
identified in tobacco smoke, may induce hypoxia (17).

The elevated hemoglobin and hematocrit could be a
compensatory response to this chronic carbon monoxide-
induced hypoxia (17, 21, 26). However, usually the body
responds to hypoxia by increasing the number of erythro-
cytes too. Cyanide, another chemical in cigarette smoke,

which is an antagonist in the process of nucleoprotein syn-
thesis, may prevent this. However, there is no impairment
of hemoglobin synthesis. Therefore, the overall effect would
be little change in erythrocyte count and an increase in
MCV, hematocrit, hemoglobin, and MCH. The fact that
only in women the red blood cell count is increased with
smoking intensity may be explained by a possible difference
in sensitivity to carbon monoxide and cyanide between
men and women.

From previous studies a decrease of leukocytes after
smoking cessation has been reported (9–11, 14, 16). Al-
though the effect of years since quitting is biased by dura-
tion of smoking (r � 
0.4), in view of public health, it is
informative to know how long the effects of past smoking
endures. The cross-sectional relations we observed suggest,
that longitudinally favourable changes in levels in neutro-
phils may take place within the first year and in eosinophils

TABLE 5. Percentage differences in hematological characteristics of red blood cells between various (ex)smoking categories and non-
smoking (reference) by gender: Dutch EPIC cohort, 1995–1997

RBC MCV Hematocrit Hemoglobin MCH

�a (SEb) �a (SE) �a (SE) �a (SE) �a (SE)

Men
Smoking statusc

Never smokers Reference
Former smokers
� 1 year since quitting 
2.2d (0.6) 0.9d (0.3) 
1.3d (0.5) 
1.1d (0.5) 1.0d (0.5)
1–2 years since quitting 
0.1 (0.9) 
0.2 (0.5) 
0.3 (0.7) 
0.4 (0.7) 
0.3 (0.7)
2–5 years since quitting 
1.2d (0.6) 0.4 (0.3) 
0.8 (0.5) 
0.4 (0.5) 0.7 (0.5)
	 5 years since quitting 
0.3 (0.3) 0.2 (0.2) 
0.1 (0.3) 
0.1 (0.2) 0.1 (0.3)
Current smokers 
2.3d (0.3) 2.4d (0.2) 0.1 (0.2) 0.3 (0.2) 2.8d (0.2)

Within current smokers
Cigarettes/daye 
0.4 (0.4) 1.3d (0.2) 0.9d (0.3) 1.1d (0.3) 1.3d (0.4)
Not smoked last 24 hrsf 1.1 (0.6) 
1.4d (0.4) 
0.4 (0.6) 
0.6 (0.5) 
2.0d (0.7)
Packyearsg 
0.1 (0.1) 0.4d (0.1) 0.3d (0.1) 0.4d (0.1) 0.3 (0.2)

Women
Smoking statusc

Never smokers Reference
Former smokers
� 1 year since quitting 
2.4d (0.5) 2.2d (0.3) 
0.1 (0.4) 0.0 (0.4) 2.5d (0.3)
1–2 years since quitting 
1.6d (0.7) 1.4d (0.5) 
0.1 (0.7) 0.0 (0.7) 1.5d (0.5)
2–5 years since quitting 
1.6d (0.5) 1.9d (0.3) 0.4 (0.4) 0.6 (0.4) 2.1d (0.3)
	 5 years since quitting 
1.1d (0.2) 0.8d (0.1) 
0.3 (0.2) 
0.2 (0.2) 0.9d (0.2)
Current smokers 
1.2d (0.2) 3.4d (0.1) 2.3d (0.2) 2.7d (0.2) 3.9d (0.1)

Within current smokers
Cigarettes/daye 1.1d (0.3) 2.4d (0.2) 3.6d (0.3) 3.7d (0.3) 2.6d (0.2)
Not smoked last 24 hrsf 
0.4 (0.6) 
0.5 (0.3) 
0.9 (0.5) 
0.9 (0.5) 
0.4 (0.4)
Packyearsg 0.6d (0.1) 0.8d (0.1) 1.4d (0.1) 1.4d (0.1) 0.9d (0.1)

aAge-adjusted regression coefficients (�10
2), indicating change in percentage.
b SE: standard error.
c Model includes smoking status and age.
dp-value � 0.05.
eModel includes daily number of cigarettes, and age; regression coefficients indicate change per 20 cigarettes/day.
fModel includes smoking 24 hours prior to drawing the bloodsample (yes; no), daily number of cigarettes and age.
gModel includes packyears and age; regression coefficients indicate change per 10 packyears.
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FIGURE 2.  A. Levels of erythrocytes after smoking cessation in men: MORGEN-EPIC, 1995–1997. B. Levels in erythrocytes after smoking cessation
in women: MORGEN-EPIC, 1995–1997 and PROSPECT-EPIC, 1995–1996. �, RBC; �, MCV; �, hematocrit; •, hemoglobin; *, MCH.
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within two years following quitting, but that the decline to
normal levels of lymphocytes and monocytes may be more
gradual and may take up to five years.

Our findings suggest that in women, the disappearance
of abnormalities in hematocrit and hemoglobin levels may
also occur within one year after smoking cessation, whereas
the erythrocyte count, MCV, and MCH may take at least
five years to return to normal values. On the other hand,
our results point to the possibility that in men, all charac-
teristics of the red blood cell population may return to nor-
mal levels within two years. Overall, our results suggest that
the return to about normal counts of leukocytes, platelets
and erythrocytes may occur within two years after smoking
cessation. Our results may also be consistent with a clear
improvement in most hematologic characteristics following
a period of not smoking for as short as 24 hours. A biologi-
cal plausible explanation may be related to the same factors
that induce normal diurnal variations in hematologic char-
acteristics (36).

The results of our study are consistent with profound ef-
fects of smoking on most hematological characteristics in
both men and women. Findings suggest that, despite the
possibility of a relatively fast recovery during the first two
years after quitting, some long-term abnormalities may last
up to five years following smoking cessation.
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