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ORIGINAL ARTICLE

Effects of Exercise on Hemorheological Parameters of
Young Nigerian Smokers

Aim: Regular physical exercise is associated with reduced risk of cardiovascular diseases. In this study, the
hypothesis that acute submaximal exercise has similar effects on rheological parameters of smokers and non-
smokers was tested. 

Materials and Methods: Thirty-three male university undergraduates comprised of 18 smokers and 15 non-
smokers were studied. All the subjects underwent submaximal exercise on cycloergometer for 30 minutes.
Blood for hemorheological parameters was collected 30 minutes before and after exercise. Samples were
analyzed by standard methods. 

Results: A total of 33 undergraduates were studied. The hematocrit, plasma viscosity and plasma fibrinogen
were significantly higher in smokers than non-smokers (P < 0.01). Post- exercise plasma viscosity was
significantly higher than pre-exercise value in non-smokers (P < 0.0001). Hematocrit, plasma viscosity and
plasma fibrinogen were also significantly higher post-exercise in smokers (P < 0.01, P < 0.01 and P < 0.05,
respectively). The white cell count and whole blood viscosity were 17.8% and 9% higher, respectively, than
pre-exercise values in smokers. 

Conclusions: The study confirmed an acute rise in rheological parameters in smokers and non-smokers
following submaximal exercise; however, smokers are more liable to cardiovascular effects of acute intense
exercise, especially those with sedentary lifestyle. 
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Nijeryal› Genç Sigara Tiryakilerinde Hafif Egzersizin Kan Parametreleri
Üzerine Etkisi

Amaç: Düzenli fizik aktivitesi kalp damar hastal›klar› riskini azalt›r. Bu çal›flmada, normalin alt›ndaki akut
egzersizin de ayn› etkilere sahip oldu¤u hipotezi sigara içen ve içmeyenlerde test edilmifltir.

Yöntem ve Gereç: 18 sigara içen ve 15 sigara içmeyen 33 erkek üniversite ö¤rencisi çal›flmaya dahil edildi.
Ö¤rencilerin tümüne 30 dk süreyle sikloergometrede düflük düzeyde egzersiz yapt›r›ld›. Egzersizden 30
dakika önce ve sonra hemorolojik parametreleri ölçmek için kan örnekleri al›nd›, standart yöntemlerle analiz
edildi.

Bulgular: 33 ö¤renci çal›flmaya al›nd›. Hemotokrit, plazma vizkositesi ve plazma fibrinojen düzeyleri sigara
içenlerde anlaml› ölçüde daha yüksekti. Sigara içmeyenlerde egzersiz sonras› plazma vizkositesi egzersiz
öncesinden daha yüksekti. Sigara içenlerde de egzersiz sonras› hemotokrit, plazma viskozitesi ve plazma
fibrinojen düzeyleri daha yüksekti. Sigara içenlerde kan, beyaz küre ve vizkosite de¤erleri de egzersiz öncesi
de¤erlere oranla s›ras›yla % 17.8 ve % 9 daha yüksekti.

Sonuç: Bu çal›flma hafif egzersizi takiben kan de¤erlerinde her iki grupta da akut bir yükselme oldu¤unu
gösterdi. Ancak, sigara içenler ve özellikle de sedanter bir yaflam› olanlar hafif egzersizin kardiyovasküler
etkilerine daha dayan›ks›zd›.

Anahtar Sözcükler: Egzersiz, kan de¤erleri, sigara içimi
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Introduction

Regular physical exercise is associated with reduced
risk of cardiovascular diseases (CVD), although the
mechanism is still unclear. Protective effects of exercise
have been demonstrated for both coronary heart disease
(1,2) and peripheral artery diseases (3,4). Protection is
associated with metabolic improvements, a development
which suggests that the beneficial effects of exercise may
be mediated at least in part by reversal of the increase in
conventional risk factors that are commonly associated
with sedentary lifestyle (5). Lack of physical fitness is an
independent risk factor for cardiovascular mortality (6); a
dose-dependent relationship has been demonstrated
between regular physical exercise and reduced risk of
CVD (1). Alteration in plasma fibrinogen concentration
has been suggested to be a likely mechanism through
which the effects of exercise on cardiovascular risk may
be partly mediated (7). Chronic exercise has been
demonstrated to lower plasma fibrinogen levels;
furthermore, an intense exercise generates an acute
phase rise in plasma fibrinogen, a response that has been
suggested to be influenced by G/A polymorphism of the β
fibrinogen gene (8-10). Plasma fibrinogen has been
reported to be higher in smokers than non-smokers
(11,12). Intervention studies in the field of exercise
rheology are few and the conclusions are not consistent
(13). In this study, we tested the hypothesis that
moderate physical exercise exerts the same effects on
rheological parameters of smokers and non-smokers. 

Materials and Methods

Subjects: Thirty-three male university
undergraduates comprised of 18 smokers and 15 non-
smokers who gave informed consent to participate
actively in the study were included. Smokers were defined
as people who regularly smoked at least one cigarette per
day for at least five years. None of the subjects had
clinical evidence of disease(s). Data on age, smoking
habits and medical history were obtained by interviewer-
administered questionnaire. Weight of participants was
measured on a balanced scale with shoes off. Heavy outer
garments were removed to minimize error. None of the
subjects had been involved in any regular physical exercise
for more than a year before the study.

All subjects underwent a standardized submaximal
exercise session on cycloergometer for 30 minutes. It

consisted of a 30-minute cycling session with the first 10
minutes being a warm–up period followed by a 20-
minute plateau at 85% of the theoretical maximal heart
rate. Pedal speed was maintained at 60 rpm by the
subjects. Blood samples were collected at 9 a.m. before
exercise and 30 minutes after the exercise. 

Blood Samples: Five milliliters of blood was collected
from the cubital vein using a plastic syringe while applying
tourniquet lightly over the arm until blood flow was
established. Stasis was avoided during blood collection to
prevent activation of clotting factors. 4.5 ml of blood was
transferred into a plastic tube containing 0.5 ml of 3.8%
sodium citrate. Blood and anticoagulant were mixed
gently but thoroughly. Plasma was separated by
centrifugation at 2,500 g for 15 minutes to obtain
platelet poor plasma. The plasma fibrinogen was
estimated using the clot weight method of Ingram (14).
Blood for hematocrit, white cell count, plasma viscosity
and whole blood viscosity determination was collected in
2 ml of 0.77 mol/L ethylenediamine-tetraacetic acid.
Plasma viscosity was measured by the method of Reid
and Ugwu (15). The white cell count and hematocrit were
determined by standard methods (16). 

Statistical Analysis: Instat graph pagTm was used for all
statistical analyses. Alternate T-test was used to assess
differences between the two groups (smokers and non-
smokers) at baseline and after exercise. Two-tailed t test
was used to test for differences before and after exercise.
Hemorheological parameters before and after exercise in
smokers and non-smokers were expressed as mean ±
standard deviation. Significance was established as P <
0.05.

Results

A total of 33 undergraduates of the University of
Benin were studied. They were grouped into non-
smokers (n = 15) (mean age 23.8 ± 1.3 years, height
180.9 ± 1.2 cm, weight 77.9 ± 1.5 kg and body mass
index 23.7 ± 0.3 kg/m2) and smokers (n = 18) (mean age
20.7 ± 1.5, height 184.7 ± 2.2 cm, weight 80.9 ± 2.2
kg and body mass index 23.2 ± 0.5 kg/m2). 

Table 1 shows the clinical and rheological parameters
of both smokers and non-smokers. The hematocrit,
plasma viscosity and plasma fibrinogen concentration
were significantly higher in smokers than non-smokers.
Table 2 compares the rheological parameters pre- and
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post-exercise in non-smokers. Post-exercise plasma
viscosity was significantly higher than pre-exercise value
(P < 0.0001). Whole blood viscosity, hematocrit and
plasma fibrinogen were also higher, but the differences
between pre- and post-exercise values were not
significant. The effect of exercise on blood rheology in
smokers is shown in Table 3. The hematocrit, plasma
viscosity, and plasma fibrinogen concentration were all
significantly higher immediately post-exercise (P < 0.01,
P < 0.01 and P < 0.05, respectively). The white cell
count and whole blood viscosity were also higher than
pre-exercise values (17.8% and 9%, respectively), but
the differences were not significant. Comparison of the
hemorheological parameters of non-smokers and
smokers post-exercise (Table 4) revealed that the
hematocrit and fibrinogen were still significantly higher in

smokers than non-smokers after exercise (P < 0.001).
The white cell count and plasma viscosity were also higher
(P < 0.01 and P < 0.05, respectively). 

Discussion

There is a body of literature on blood rheology and
exercise (1-5,17), but the conclusions have not been
univocal (13). In this study, we examined the hypothesis
that exercise has the same effect on rheological
parameters of smokers and non-smokers. We found that
submaximal exercise is associated with alterations in
blood rheology in both smokers and non-smokers.
Triphasic rheological changes had been described
following exercise (18). In this study, we found a 7.2%
increase in hematocrit above basal level after exercise in
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Table 1. Clinical and rheological data of smokers and non-smokers.

BMI: Body mass index. WBC: White blood count. WBV: Whole blood viscosity. N/s: Not significant.

Parameter

Age (years)

Weight (kg)

Height (cm)

BMI (kg/m2)

Hematocrit (%)

Total WBC (x109/L)

WBV (mPa.s) 

Plasma viscosity (mPa.s)

Plasma fibrinogen (g/L)

Non-smokers
(n = 15)

23.9 ± 1.3

77.9 ± 1.5

180.9 ± 1.2

23.7 ± 0.3

40.2 ± 4.65

3.4 ± 0.74

3.52 ± 0.27

1.25 ± 0.05

1.66 ± 0.42

Smokers
(n = 18)

20.7 ± 1.5

80.9 ± 2.2

184.7 ± 2.2

23.2 ± 0.5

43.25 ± 3.01

3.7 ± 1.4

3.79 ± 0.58

1.37 ± 0.16

2.21 ± 0.62

P-value

N/s

N/s

N/s

N/s

<0.05

>0.05

>0.05

<0.01

<0.01

Table 2. Effect of exercise on blood rheology in non-smokers.

N/s: Not significant. **** P < 0.0001.

Parameter

Packed cell volume (%)

White blood count (x 109/L)

Whole blood viscosity (mPa.s)

Plasma viscosity (mPa.s)

Plasma fibrinogen (g/L) 

Pre-exercise
(n = 15)

40.20 ± 4.65

3.24 ± 0.88

3.52 ± 0.27

1.25 ± 0.05

1.56 ± 0.68

Post-exercise
(n = 15)

40.60 ± 3.36

3.4 ± 0.74

3.92 ± 0.68

1.42 ± 0.01

1.66 ± 0.42

% Increase

1N/s

4.9N/s

11.4N/s

13.6****

6.4N/s



smokers, and this agrees with previous studies where
both maximal and submaximal exercise sessions have
been reported to increase hematocrit (19). These changes
have been described as hemoconcentration - a complex
mechanism resulting from redistribution of red cells in
the vascular bed, and entrapment of water into muscles
among others (20,21). The increase in plasma viscosity
found in this study is in agreement with the findings of
Peyreigne et al. (22), which attributed the rise in plasma
viscosity to water loss from sweating as a result of the
increase in growth hormone secretion during exercise.

The 9% increase in whole blood viscosity in smokers
and 11.4% increase in non-smokers could be explained
by the corresponding rise in hematocrit, plasma
fibrinogen and plasma viscosity. 

The increase in white blood cell count observed in
both smokers and non-smokers following exercise is in
line with existing literature where both white cell
activation and oxidant stress were implicated in the
hemorheological effects of exercise (23,24). The increase
in the number of leukocytes after exercise may be
explained by the increase in blood flow which recruits
leukocytes from the marginal pool and/or hormonal
changes, which are likely to be mediated by β adrenergic
receptors. In addition, a decrease in leukocyte filterability,
an indication of leukocyte activation during exercise, has
also been reported as a likely mechanism for the rise in
white cell count (23,25).

Fibrinogen is an acute phase protein that is
synthesized by the liver in response to cytokines (26).
Whereas regular exercise may reduce fibrinogen levels,
severe exercise might paradoxically cause an acute-phase
rise, simulating a procoagulant effect. Thus, the beneficial
effects of regular exercise may be lost if the exercise is
very intense (27,28), and this may acutely elevate the risk
of myocardial infarction, especially in those with a
sedentary lifestyle (29). The rise in plasma fibrinogen in
non-smokers (6.4%) and smokers (18.6%), however,
differs from the earlier study of Montgomery et al. (10),
in which an acute rise in plasma fibrinogen was found on
days 1 (22.7%) and 2 (37.1%) of a 10-week training
exercise. This acute phase increase in levels was
suggested to be influenced by the G/A polymorphism of
the β gene. It is possible that our post-exercise samples
were taken at the point when fibrinogen was just
beginning to increase. 
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Table 3. Effect of exercise on blood rheology in smokers.

Pre-exercise Post-exercise Increase
(n = 18) (n = 18) (%)b

aHct (%) 43.25 ± 3.01 46.38 ± 3.61 7.2**

WCC (x 109/L) 3.7 ± 1.4 4.36 ± 1.3 7.8N/s

WBV (mPa.s) 3.79 ± 0.58 4.13 ± 0.71 9N/s

PV (mPa.s) 1.37 ± 0.16 1.56 ± 0.21 13.9**

PFC (g/L) 2.21 ± 0.62 2.62 ± 0.50 18.6* 

a Hct: Hematocrit. WCC: White cell count. WBV: Whole blood viscosity. PV: Plasma
viscosity. PFC: Plasma fibrinogen concentration.
b ** P < 0.01. * P < 0.05. N/s: Not significant. 

Table 4. Effect of exercise on hemorheological parameters of smokers
and non-smokers.

Post-exercise Post-exercise 
Non-smokers Smokers

(n = 15) (n = 18) 

aHct (%) 40.60 ± 3.36 b46.38 ± 3.61****

WCC (x 109) 3.24 ± 0.88 4.36 ± 1.3**

WBV (mPa.s) 3.92 ± 0.68 4.13 ± 0.71N/s 

PV (mPa.s) 1.42 ± 0.10 1.56 ± 0.21*

PFC (g/L) 1.66 ± 0.42 2.62 ± 0.5****

a Hct: Hematocrit. WCC: White cell count. WBV: Whole blood viscosity.
PV: Plasma viscosity. PFC: Plasma fibrinogen concentration.
b N/s: Not significant. * P < 0.05. ** P < 0.01. **** P < 0.0001.



While all the rheological parameters were acutely
increased following exercise in smokers, the effects
seemed to be greater on plasma viscosity (13.9%), white
cell count (17.8%), and fibrinogen (18.6%). In non-
smokers, the effects were more pronounced in whole
blood viscosity (11.4%), plasma viscosity (13.6%) and
fibrinogen (6.4%). This observation indicates that blood
rheology is altered following exercise in both smokers
and non-smokers. However, fibrinogen is more adversely
affected in smokers than non-smokers. This may not be
totally unexpected, as fibrinogen has been reported to be
higher in smokers (11,12). It could therefore be argued
that smokers are more likely to suffer from the
cardiovascular effects of acute intense exercise than non-
smokers. 

Furthermore, the significant change in hematocrit
immediately after exercise in smokers is noteworthy, as a
negative correlation between hematocrit and physical
fitness had been reported (30). This again portends an
adverse immediate post-exercise effect in smokers. 

In conclusion, although the theory of acute rise in
rheological parameters following submaximal or maximal
exercise has been debated, this study, despite its small
sample size, has confirmed an acute rise in
hemorheological parameters following a moderate
exercise in smokers and non-smokers. The higher rise in
hematocrit (7.2%) and fibrinogen (18.6%) in smokers
compared to non-smokers may indicate that smokers are
more liable to cardiovascular effects of acute intense
exercise, especially in those with a sedentary lifestyle.
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