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Abstract

Background: White blood cells count (WBC), platelet count (Plt) and red blood cells distribution width (RDW) are some emerging
atherosclerosis risk factors.
Objectives: The purpose of this research was to study the effects of three months running exercise on these variables in untrained
overweight middle-aged men.
Methods: Subjects were divided in groups of control (n = 10) and exercise (n = 11). In experimental group, subjects performed twelve
weeks (three times per week) running exercise (intensity was between 75% to 85% of maximum heart rate). Blood samples were
collected 24 hours before and 48 hours after exercises. Paired t-test was used for analysis of data in SPSS V. 15.
Results: Statistical analysis showed significant reduction of RDW and BMI, also significant elevation of WBC, Plt and VO2max after
three months exercise in the experimental group (P ≤ 0.05); no significant changes was observed in the control group (P > 0.05).
Conclusions: In general, three months running exercise may improve blood cells (leucocytes, erythrocytes and platelets) function
that may lead to reduction of cardiovascular events risk in middle-aged men, but certainly more research is needed for precise
conclusion.
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1. Background

Cardiovascular disease (CVD) refers to all diseases of
blood vessels and heart. Atherosclerosis is one of the car-
diovascular diseases that leads to formation of atheroscle-
rotic plaques. It is main cause of heart attack and coronary
and peripheral artery disease. Coronary artery disease
due to atherosclerosis is the leading cause of morbidity
and mortality worldwide. White blood cells count (WBC),
platelet count (Plt) and red blood cells (RBC) distribution
width (RDW) are three novel risk factors for atherosclero-
sis (1).

WBC by release of oxidant products may induce prote-
olytic and oxidative damages leading to endothelium dys-
function and atheroma formation. When WBCs are acti-
vated, induce blockage of the vasculature, hypercoagula-
bility, and infarct expansion (2, 3). In Kim et al. (3) study,
WBC count was correlated positively with age, body mass
index (BMI), blood sugar, low density lipoprotein (LDL),
triglyceride, C-reactive protein (CRP), total cholesterol and
hemoglobin A1c (HbA1c) and negatively with high density

lipoprotein (HDL) levels. Also, WBCs induce hypertension
through several mechanisms involving endothelial dys-
function due to inflammation and nitric oxide and prosta-
cyclin reduction leading to disorder of antithrombotic, va-
sodilatory and antiatherogenic processes of the vessels.
Vascular resistance due to leukocytosis and elevation of
catecholamines levels are other mechanisms of hyperten-
sion that may be due do WBC elevation (4).

Sloan et al. (5) reported that high Plt is related to un-
favorable lipid profile that is a risk factor for cardiovascu-
lar outcomes. Also, in another study elevated Plt was cor-
related with cardiovascular morbidity and mortality (6).
RDW is a marker of variability in erythrocytes size and el-
evation of RDW leads to inflammatory processes of fatty
streak formation. Low levels of vitamins B9 and B12 and
iron are causes of RDW elevation (7). RDW, an anisocyto-
sis index, is a novel risk factor of atherosclerosis. Proposed
underlying machanisms for linkage of RDW to CVD are ox-
idative stress, dyslipidemia and inflammation. RDW is an
inexpensive CVD laboratory index, therefore, lowering this
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factor is a desirable research purpose (8).
Sedentary lifestyle and low physical activity are a ma-

jor risk factor for CVD morbidity and mortality. There are
many data about mechanisms of reduction of CVD risk by
exercise, including lipid profile improvement, blood pres-
sure reduction, fat percent normalization, increased mus-
cle mass and reduced inflammation (8). But there is not
enough information about chronic effects of exercise on
RDW, Plt and WBC in untrained men.

2. Objectives

The purpose of this research was to study the effects
of three months running exercise on these variables in un-
trained overweight middle-aged men.

3. Methods

Subjects of this study were 21 healthy untrained
middle-aged men. They were overweight men, because
their body mass index (BMI) was between 25 and 30. They
randomly divided into groups of control (n = 10) and exer-
cise (n = 11) (Table 1). A questionnaire was used for determi-
nation of levels of their physical activity. Also, a physician
assessed their health status and physical activity readiness
questionnaire (PARQ) measured their fitness to start train-
ings. Inclusion criteria of subjects included: no metabolic
diseases and no usage of their drugs, no regular exercise,
ability for start exercise protocol of this study.

Study protocol included three months (three sessions
per week) running exercise. Each session included warmed
up (stretching, running and limbering up for 20 minutes),
main part (30 minutes running with intensity of 75% - 85%
of subject’s maximum heart rate) and cool down (walk-
ing and stretching exercises for 10 minutes). Polar watches
were used for measurement of subject’s heart rate. Sub-
jects were advised to avoid supplements during the exer-
cises.

VO2max and body composition of the subjects were de-
termined before and after trainings. Bruce protocol was
used for measurement of VO2max on a treadmill (Techno-
Gym, S.P.A, Class: Run Race 1400HC, Italy). A body compo-
sition analyzer (InBody 720, English) was used for determi-
nation of subject’s body composition. Blood samples were
obtained from left brachial vein in sedentary position 24h
before and 48h after exercises. Blood factors (WBC, Plt and
RDW) were determined using CBC-MAC cell counter (KX-21)
on an auto analyzer system.

SPSS V. 15 was used for statistical analysis. For evalua-
tion of data normality Kolmogorov-Smirnov test was used.

In each group paired sample t-test was used for compari-
son of differences of pre-test and post-test levels of depen-
dent variables.

4. Results

Kolmogorov-Smirnov test showed that distribution of
data in both groups were normal (P > 0.05). Significant re-
duction of RDW and BMI, also significant elevation of WBC,
Plt and VO2max were observed in experimental group after
trainings (P ≤ 0.05), no significant change of dependent
variables was observed in the control group (P > 0.05) (Ta-
bles 2 and 3).

5. Discussion

After trainings significant elevation of WBC and num-
ber of lymphocytes, monocytes and eosinophils was ob-
served in experimental group that may be beneficial for
improvement of immune function and organism defense
against infection. Lamina and Okoye (4) examined the ef-
fect of eight weeks bicycle ergometer on WBC essential hy-
pertensive males. They showed that bicycle exercise may
decrease levels of WBC these subjects. Geffken et al. (9)
showed inverse relationship of physical activity with CRP,
WBC, fibrinogen, albumin and factor VIII activity. Wan-
namethee et al. (10) reported inverse association between
physical activity and factor VIII, factor IX, D-dimer, von
Willebrand factor, tissue plasminogen activator, CRP, fib-
rinogen, blood viscosity, Plt and WBC. Church et al. (11)
showed high relationship between fatness (positive) and
fitness (negative) with uric acid, WBC count and fibrino-
gen. Abramson and Vaccarino (12) reported that physi-
cal activity has significant negative association with WBC,
CRP and fibrinogen. Johannsen et al. (13) reported that
six months aerobic trainings (intensity of 50% VO2peak)
reduces WBC and neutrophil counts in postmenopausal
women. Lamina et al. (14) showed inverse relationship
of VO2max with WBC in hypertensive men. Three months
(three sessions per week) exercise led to significant reduc-
tion of WBC in smoker men (15).

Fat percentage and socio-economic status are effec-
tive factors on WBC in response to long term aerobic ex-
ercise (9-11). Regular exercise through change in secre-
tion of interleukins 1ra (IL1ra), 6 (IL6), 10 (IL10) and tumor
necrosis factor alpha (TNFα) and affects number of leuco-
cytes in the bloodstream (14). Hormonal factors (cortisol,
catecholamines and chemotactic factors) may affect WBC
changes during and after exercise. For example, lympho-
cyte changes are related to lymphatic circulation and activ-
ity of sympathetic nervous system (16). Changes of leptin
and adiponectin are another effective factor on WBC (13).
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Table 1. Descriptive Characteristics of Subjects and Differences Between Groups Before the Trainings

Variables Exercise Group Control Group P Value (Independent t-Test)

Age 44.73 ± 4.43 41.16 ± 8.03 0.25

Height, m 1.73 ± 0.04 1.73 ± 0.07 0.84

Weight, kg 81.84 ± 9.36 78.18 ± 14.81 0.24

BMI, kg/m2 27.43 ± 2.78 27.58 ± 3.22 0.78

PBF, % 25.92 ± 4.91 28.38 ± 7.55 0.96

Table 2. Changes of VO2max And Body Composition Before and After Exercises

Variables
Exercise Group Control Group

Pre-Test Post-Test P Value Pre-Test Post-Test P Value

Weight, kg 81.84 ± 9.36 81.71 ± 9.57 0.74 78.18 ± 14.81 78.5 ± 14.95 0.11

BMI, kg/m2 27.43 ± 2.78 26.79 ± 2.73 0.007 27.58 ± 3.22 27.08 ± 3.86 0.46

PBF, % 25.92 ± 4.91 25.16 ± 3.66 0.38 28.38 ± 7.66 27.68 ± 5.96 0.41

VO2max, mL/kg.min 24.91 ± 6.74 31.73 ± 6.03 0.002 19.8 ± 1.8 20 ± 1.87 0.62

Table 3. Changes of Blood Variables Before and After Exercises

Variables Exercise Group Control Group

Pre-Test Post-Test P Value Pre-Test Post-Test P Value

WBC, Cu/mm 5790.91 ± 1182.75 6388.13 ± 1255.78 0.009 6610 ± 1934.74 6690 ± 1813.04 0.33

RDW, % 13.2 ± 0.56 13.79 ± 0.69 0.013 13.19 ± 0.99 13.04 ± 0.83 0.64

Plt, Cu/mm 240727.27 ± 34453.1 254566.59 ± 32474.7 0.01 245600 ± 54365.4 242300 ± 43571.3 0.82

Plt elevated significantly in this study that was in agree-
ment with results of Sharma et al. (17). In their study 12
weeks (three times per week) treadmill exercise led to ele-
vation of Plt in healthy young females. There was no study
examining chronic effects of exercise on Plt in middle-aged
men. Release of platelets from organs such as liver, bone
marrow, spleen and lungs is a possible mechanism related
to Plt elevation after exercise (17).

In experimental group, levels of RDW in experimental
group increased significantly in this study. Alis et al. (18)
reported elevation of RDW in healthy young males after a
treadmill test. Lippi et al. (19) reported that RDW increased
after a 21-km half marathon run in runners. Three weeks
bicycle ergometer trainings led to reduction of RDW in pa-
tients with coronary atherosclerosis (7). In a research by
Hammam et al. (8), RDW was associated negatively with
physical activity and positively with systolic blood pres-
sure in male adolescents.

In heart disease patients and healthy individuals, mor-
bidity and mortality risk increase with RDW elevation. Ele-
vation of RDW reflects RBC biology perturbation that may
lead to heart attack (19). On the other hand, transport of
oxygen in the blood is done by RBC and elevation of RDW
may increase risk of incomplete oxygen transport or ane-

mia. Also, elevated RDW may result from immature pro-
duction of RBC in bone marrow (7). Of course, despite these
probabilities, because the changes of RDW in this study
were in normal range, we can not conclude that elevation
of this variable after three months exercise in this research
is clinically harmful, but more research is needed for accu-
rate deduction.

In general, three months running exercise may im-
prove blood cells (leucocytes, erythrocytes and platelets)
function that may lead to reduction of cardiovascular
events risk in middle-aged men, but certainly more re-
search is needed for precise conclusion.
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