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Abstract

Introduction: Hemorheologic disorders are the most important causes of impaired circulation and cardiovascular events. It is
also documented that regular and continuous exercise training could improve vascular adaptation to exercise and provide
protection against major cardiovascular events. The aim of this study was to evaluate effectiveness of eight-week cardiac
rehabilitation exercise by aerobic and aerobic-resistance methods on hemorheologic variables among middle-aged men with
coronary artery disease (CAD). Materials and Methods: The present quasi-experimental study was carried out on 51 middle-
aged men with CAD aged 45-65 years. Participants were randomly divided into three groups including aerobic exercise, aerobic-
resistance exercise, and control group. The experimental groups performed sub-maximal aerobic exercises for eight weeks.
Exercise protocol consisted rehabilitation exercises for three sessions a week. In addition to aerobic exercise, acrobic-resistance
group received two sessions of resistance exercise using free weights per week for 15 minutes. Results: There was a significant
improvement in all hemorheologic variables including fibrinogen concentration (P=0.001), hematocrit concentration (P=0.002),
and erythrocyte sedimentation rate (P=0.001) in both aerobic and aerobic-resistance exercise groups compared to the control
group. There was also a significant decrease of mentioned hemorheologic variables in aerobic-resistance group compared to
aerobic group. Conclusion: Our study showed that eight-week cardiac rehabilitation exercises, especially aerobic-resistance
exercise training, could improve the blood hematologic variables in middle-aged men with CAD.
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Introduction

Coronary artery disease (CAD) is the most common etiology of
cardiovascular disease occurring in adults due to atherosclerosis
of the coronary arteries (1). Atherosclerosis is an inflammatory
response that begins with damage to vascular endothelium and,
as the disease progresses, causes blockage, narrowing of the
arteries, and reduced myocardial blood flow (1), thereby leading

to ischemia of myocardial cells and consequently myocardial
infarction. It is documented that hemorheologic disorders are
among primary etiological factors in the occurrence and spread
of cardiovascular complications. It also plays an important role
in pathogenesis of atherosclerosis and thrombotic diseases such
as ischemic heart disease (IHD) (2-5).

Although efforts to prevent cardiovascular disease and
common medical treatments such as medication and surgery (as
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primary and secondary steps) are taken into account for the
management of cardiovascular patients, cardiac rehabilitation
along with pharmacological and surgical treatments is of great
importance (6, 7). It has been documented that regular and
continuous exercises can improve vascular adaptation to exercise
and provide protection against major cardiovascular events (8).
While the effectiveness of exercise training programs in cardiac
rehabilitation is obvious, there have been fewer studies on effects
of exercise training programs on hemorheologic variables among
patients with CAD (9). Also, absence of high quality research
studies investigating the effectiveness of regular exercise training
on the rheological function of cardiovascular disease has limited
its definitive effective capacity (10).

Results of previous studies have confirmed that one of the
most important causes of circulatory damage and cardiovascular
events is impaired blood rheology (2-5). Major blood rheology
factors, including fibrinogen, hematocrit, and erythrocyte
sedimentation rate (ESR), are independent risk factors for
cardiovascular complications and mortality (11). Fibrinogen, a
positive acute phase protein is upregulated in response to
systemic inflammation, tissue damage, and certain
cardiovascular events. It has also been reported that increased
fibrinogen levels occur due to inflammation, thrombosis, and
vascular damage; therefore, increasing plasma fibrinogen levels
are associated with an increased risk of CAD and myocardial
infarction (12). Topics as to whether fibrinogen is a causative
agent or merely a marker of CAD still need further studies to
investigate the relationship between fibrinogen and CAD (13,
14). Epidemiological studies have shown that hematocrit level,
as a major determinant of blood viscosity, is an important blood
rheology indicator (11, 15, 16). Hematocrit, as an indicator of
blood erythrocyte level, plays an important role in venous return
and platelet adhesion (17). Although there is limited
information on exact mechanism of hematocrit related to
cardiovascular risk factors, its abnormal level can result in
circulatory disorders, altered capillary circulatory perfusion,
increased atherosclerosis, increased plaque rupture, and
subsequent ischemia (10). Although basically hematocrit levels
in people with cardiovascular risk factors are higher than those
without risk factors (11), after cardiac rehabilitation, CAD
patients have shown decreased level of plasma viscosity and
hematocrit level (18). It is documented that ESR plays an
important role in the inflammatory etiology of CAD, while it is
also increased in CAD patients in the long run (19). Since ESR
provides strong prognostic information in people with CAD,
increase in ESR gradient is associated with an increased risk of
mortality among patients with cardiovascular disorders (20).
Exercise training can reduce inflammatory markers by

improving endothelial function indirectly (21). Therefore, since
the beneficial effects of exercise on CAD may decrease
inflammatory markers, further relevant studies may be of
considerable help to treat cardiovascular patients.

Assuming effectiveness of cardiac rehabilitation exercises on
rheological blood function, an attempt was made in the present
study to answer the question of how cardiac rehabilitation
exercises in both aerobic and aerobic-resistance methods affect
the hemorheologic variables of patients with CAD? Therefore,
the aim of present study was to evaluate the effectiveness of
exercise training on the blood rheological variables (fibrinogen,
hematocrit, and erythrocyte sedimentation rate).

Methods and Materials:

This was a prospective quasi-experimental study with pre-and
post-test design. Inclusion criteria were male patients of 45-65
years-old with CAD (myocardial infarction and patients
undergoing coronary artery bypass graft surgery and
percutaneous coronary intervention) who referred to Sadr Heart
Clinic in Tehran and were low-risk patients. Considering
exclusion criteria of smoking, alcohol abuse, and taking drugs
affecting research variables, with the use of G-Power software
with power of 0.95 and alpha of 0.05, a total of 51 patients were
selected as the study participants under the supervision of a
nurse familiar with cardiac monitoring., Participants were
selected using purposive sampling and were randomly divided
into three groups, including two experimental groups; aerobic
exercise group (n=17), aerobic-resistance exercise group (n=17),
and a control group (n=17). After explaining the purpose of
research, subjects completed the informed consent form,
personal information questionnaire, and cardiac health history
questionnaire. Blood samples were taken as initial tests to
determine the concentration of fibrinogen, hematocrit, and ESR.
Study protocol was approved by ethics committee with number
of IRRAJAUMS.REC.1398.133.

groups practiced
exercise for eight weeks, three times a week, first with an

Experimental sub-maximal aerobic
intensity of 60-65% of the heart rate reserve according to the
Karvonen formula and under the supervision of a specialist in
rehabilitation medicine (22). Target heart rate or ratio of heart
rate reserve to exercise intensity was calculated for each subject
separately using the Karvonen equation (23). In addition to
aerobic exercise, the aerobic-resistance group performed
resistance exercise training using free weights twice a week for
15 minutes each time. The control group did not have any
regular exercise training during these eight weeks.
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Table 1. Mean (SD) of demographic and clinical characteristics of participants before cardiac rehabilitation (N=17 patients in each group)

Parameter Aerobic Group  Aerobic-Resistance Group Control Group  Sig.
Age (years) 53.41 (5.97) 56.88 (5.91) 56.88 (5.52) 0.823
Height (cm) 176.76 (5.04) 172.94 (7.45) 175.29 (5.62) 0.188
Weight (kg) 81.18 (9.00) 78.41 (9.17) 76.47 (6.01) 0.192
BMI (kg/m?)  25.93(2.04) 26.23 (1.87) 24.88 (1.29) 0.235
BSI 1.99 (0.13) 1.94 (0.15) 1.93 (1.00) 0.257
METs 7.13 (1.91) 6.58 (3.13) 5.36 (1.95) 0.011
MI (n) 2 person 1 person 2 person -
CABG (n) 4 person 4 person 6 person -
PCI (n) 11 person 12 person 9 person -

BMI=Body mass index, BSI=Body surface index, METs=Metabolic Equivalents, MI = Myocardial Infarction, CABG = Coronary Artery Bypass Grafting, PCI =
Percutaneous Coronary Intervention

Karvonen heart rate formula is as follows:

THR = RHR + [(Percentage of desired intensity)
x (MHR — RHR)]

Each exercise session included warm-up, main exercise
training, and cooling down phase in the end.
A. Warm-up: It included walking and light cycling to gradually
increase the heart rate in two 5-minute steps, and stretching
activity including stretching upper and lower body muscles. Each
stretching exercise was performed for 10 to 15 seconds.
B. Main exercise training: Main exercise training was performed
with the aim of maintaining the heart rate for 20 to 40 minutes.
Aerobic exercise consisted of working on leg ergometer, hand
ergometer, and treadmill with intensity of 50-80% of the maximum
heart rate. As the physical fitness was improved, exercise training
time was increased (one minute per session) and its intensity was
also increased approximately 4% of the maximum heart rate each
week (the duration of the first exercise session was 20 minutes).
Heart rate, blood pressure, and possible electrocardiogram changes
were monitored during each exercise training session.
C. Cool down: It included stretching exercises aimed to gradually
reduce the heart rate and return body to a resting state. Stretching
exercises of cooling down phase were completed within 10 minutes.

After completing eight weeks of cardiac rehabilitation program,
participants underwent blood tests similar to the pre-test.
Considering the nature of hemorheologic variables (fibrinogen,
hematocrit, and ESR), any reduction in these variables after cardiac
rehabilitation period was considered as an improvement.

Descriptive analysis was performed using mean and standard
deviation. Shapiro-Wilk test was used to check the normal
distribution of data. Levene's test was used to determine the
homogeneity of variance of groups. One-way ANOVA and Tukey's
test were performed for intra- and inter-group comparisons,
respectively. P-value<0.05 was considered as level of significance.
All statistical studies were performed using SPSS ver. 23.

Results

Mean and standard deviation of demographic and clinical
characteristics of patients are presented in Table 1. It is noteworthy
that none of the patients in the experimental and control groups had
arecurrent cardiac event during the study period. Shapiro-Wilk test
showed that all measured variables had a normal distribution.

Mean and standard deviation of variables, effect size of exercise
intervention, and significant level of changes in pre- and post-test
and inter-group differences are presented in Tables 2 and 3. The
results of blood rheological indices in the variables of fibrinogen,
hematocrit, and ESR showed a significant decrease between pre-test
and post-test, respectively (P<0.05). Moreover, reduction in these
three variables was significant in aerobic-resistance exercise group
compared to aerobic exercise training group (P<0.05).

The findings of the present study showed a significant
reduction in plasma fibrinogen levels after aerobic and
aerobic-resistance exercises in CAD patients (P<0.05). The
results also indicated a significant reduction in fibrinogen level
in the aerobic exercise training group (-15.765+4.657) and the
aerobic-resistance group (-20.588+6.246). These changes were
significant in both experimental groups compared to control
group (P<0.05). Results also revealed a more significant
reduction in fibrinogen levels in the aerobic-resistance exercise
group compared to the aerobic group (P<0.05), which
confirmed the superiority of aerobic-resistance exercises over
aerobic exercises as the findings of present study.

The results of the present study also indicated that both
aerobic and aerobic-resistance exercises significantly reduced
hematocrit level (P<0.05). A significant reduction in blood
hematocrit was found in aerobic exercise group (-4.484+0.534)
and aerobic-resistance exercise group (-4.782+0.666). These
changes were significant in both experimental groups compared
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Table 2. Intra- and inter-group analysis of variances regarding comparing effectiveness of acrobic and aerobic-resistance exercise on rheological
indices of patients before and after attending cardiac rehabilitation program

Selected Variable Test Groups Mean (SD) Sum of Squares mean squares F Sig.
Fibrinogen (mg/dl)  Before  Aerobic 276.12 (52.38)  4703.569 2351.784 0.682 0.510
Aerobic-Resistance  296.41 (58.82)  165450.941 3446.895
Control 278.76 (64.32) 170154.510
After Aerobic 258.35 (48.41) 4416.745 2208.373 94.904 0.001
Aerobic-Resistance  275.82 (53.30) 1115.882 23.270
Control 279.88 (62.54) 5533.686
Hematocrit (%) Before  Aerobic 44.19 (5.50) 69.391 34.695 0.895 0.415
Aerobic-Resistance  46.33 (6.83 1861.149 38.774
Control 43.62 (6.28) 1930.540
After Aerobic 39.71 (7.23) 329.777 164.888 6.992 0.002"
Aerobic-Resistance  41.55 (4.73) 1131.885 23.581
Control 44.37 (6.08) 1461.662
ESR(mm/h) Before  Aerobic 8.47 (3.34) 4.039 2.020 0.187 0.830
Aerobic-Resistance  9.00 (3.61) 518.118 10.794
Control 8.35(2.87) 522.157
After Aerobic 6.41 (2.35) 198.471 99.23 59.545 0.001
Aerobic-Resistance  5.77 (2.22) 80.118 1.66
Control 9.76 (2.03) 278.588
* Significant difference (P<0.05)
Table 3. Tukey or Games-Howell post-hoc tests for selected hemorrhagic variables
Selected Variable Post-Hoc Analysis  Test Group (I) Group (J) Mean difference (I-])  Sig.
Fibrinogen (mg/dL)  Games-Howell Pre Control Aerobic 4.647 0.971
Control Aerobic-Resistance  -17.647 0.658
Aerobic Aerobic-Resistance  -22.294 0.514
Tukey Post Control Aerobic 16.88 0.001*
Control Aerobic-Resistance  21.70 0.001*
Aerobic Aerobic-Resistance  4.82 0.015%
Hematocrit (%) Games-Howell Pre Control Aerobic -0.57647 0.961
Control Aerobic-Resistance  -2.71176 0.419
Aerobic Aerobic-Resistance  -2.13529 0.581
Tukey Post Control Aerobic 5.24 0.029*
Control Aerobic-Resistance  5.53 0.001%
Aerobic Aerobic-Resistance  0.29 0.989
ESR (mm/h) Games-Howell Pre Control Aerobic -0.11765 0.994
Control Aerobic-Resistance  -0.64706 0.834
Aerobic Aerobic-Resistance  -0.52941 0.886
Tukey Post Control Aerobic 3.47 0.001*
Control Aerobic-Resistance  4.67 0.001*
Aerobic Aerobic-Resistance  1.17 0.028%

* Significant difference (P<0.05).

to control group (P<0.05). Findings also revealed a more
significant reduction in hematocrit levels in aerobic-resistance
exercise training group compared to the aerobic group (P<0.05),
which confirmed the superiority of aerobic-resistance exercise
over aerobic exercise in the present study.

The results of the present study also indicated that both
aerobic and aerobic-resistance exercises significantly reduced
ESR level (P<0.05). A significant reduction in blood ESR was

found in the aerobic exercise group (-2.059+1.345) and the
aerobic-resistance exercise group (-3.235+1.522). These changes
were significant in both experimental groups compared to the
control group (P<0.05). Findings also revealed a more
significant reduction in ESR levels in the aerobic-resistance
exercise group compared to the aerobic group (P<0.05), which
confirmed the superiority of aerobic-resistance exercises over
aerobic exercises in the present study.
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Discussion

The aim of present study was to evaluate the effectiveness of
eight-week cardiac rehabilitation exercise including aerobic and
aerobic-resistance exercise training on rheological variables in
middle-aged male patients with CAD. Overall, the findings
demonstrated that cardiac rehabilitation exercises had a positive
effect on rheological blood variables among these patients.

Research findings indicated the effectiveness of aerobic and
aerobic-resistance exercises with significant reduction of plasma
fibrinogen levels after eight weeks of cardiac rehabilitation exercises
in patients with CAD. Increased circulating plasma fibrinogen
levels have been considered as a risk factor for cardiovascular
diseases (24). Epidemiological studies have reported a high
correlation between the plasma viscosity and the fibrinogen
concentration (25, 26). Studies have also shown that increasing
circulating plasma fibrinogen levels, thereby increasing blood
viscosity, is strongly associated with increased risk of CAD (11, 24,
27). Decreased fibrinogen level, which is due to a direct effect of
exercises on blood viscosity, can improve abnormal hemorheologic
blood parameters and also reduce risk of cardiovascular diseases.
This effect is probably due to direct effects of exercise training on
blood viscosity. Therefore, it can be said that this variable can
positively react to exercise and reduce blood viscosity (28-35). In
other studies, Pabsiak et al. (22), Lee et al. (29), and Sweetnam et al.
(30) reported a decrease in the fibrinogen concentration following
completion of cardiac rehabilitation program. They also observed
beneficial changes in the blood rheology and the blood content
following cardiac rehabilitation program. They showed that the
greatest decrease in fibrinogen level was in the aerobic exercise
group compared to the aerobic-resistance exercise group. The
results of the present study demonstrated that cardiac rehabilitation
exercises reduced the blood fibrinogen concentration of patients,
which could lead to beneficial changes in blood content and blood
rheology of patients.

These findings also indicated the effectiveness of aerobic and
aerobic-resistance exercises with significant reduction of blood
hematocrit in CAD patients after eight weeks of cardiac
rehabilitation exercise training. Hematocrit, as one of the
important factors in changing blood viscosity, has a direct and
strong relationship with occurring coronary heart diseases (11).
Normally, the blood viscosity does not affect blood flow, but since
the critical shear stress threshold for the onset of blood flow (yield
shear stress) depends on the hematocrit level, when the
hematocrit increases, it increases the blood viscosity. In this case,
the blood flow decreases (27). Instead, a decrease in hematocrit
concentration may cause an increase in the blood flow (27).

Improvement in capillary circulation and blood rheology,
decreased hematocrit, decreased blood and plasma viscosity, and
increased red blood cell transport efficiency are observed in
cardiovascular patients after cardiac rehabilitation. In addition,
these improvements may contribute to increased functional
capacity and reduced mortality and incidence rate, which depend
on participating in cardiac rehabilitation exercise programs (18,
22). In other studies, Pabsiak et al. (22), Sandor et al. (31), Adachi
et al. (24), and Sweetnam et al. (30) reported decreased blood
hematocrit levels and reduced risk of cardiovascular diseases
following patients’ participation in cardiac rehabilitation
exercises. However, the results of the present study were not
consistent with findings of some studies by Najarian et al. (27),
Brun et al. (32), Church et al. (18), and Adachi et al. (24).

The results of the present study indicated that hemorheologic
parameters such as hematocrit positively react to exercise and we
observed an improvement in the abnormal rheological blood
parameters. Besides, considering the effect of exercises on blood
hematocrit, we could observe a decrease in plasma viscosity, an
increase in the red blood cells transport efficiency, and finally an
increase in blood flow after these exercises.

Findings of the present study showed the effectiveness of
aerobic and aerobic-resistance exercises in significantly
reducing ESR after eight weeks of cardiac rehabilitation
exercises in patients with CAD. Besides, the results of previous
researches showed that erythrocyte aggregation positively
reacted to exercise that may improve abnormal hemorheologic
blood parameters (18, 29, 33, 36, 37). In sum, cardiac
rehabilitation could lead to a decrease in the erythrocyte
aggregation index and, as a result, a reduction in the risk of
thrombogenesis, which in turn led to an improvement in the
capillary circulation (22). Aerobic exercise essentially reduces
erythrocyte aggregation and increases erythrocyte filtration
capacity (10, 18). In other studies, Gwozdzinski et al. (34),
Pabisiak et al. (22), Sandor et al. (31), Church et al. (18), and
Ernest & Matray reported a reduction in ESR to the normal level
after participating in a moderate-intensity cardiac rehabilitation
program (18, 22, 34, 37, 38). Sandor et al. (31) and Narouki (38)
also reported a decrease in blood viscosity after participating in
rehabilitation exercises. Yalsin et al. (2) also claimed that,
intense anaerobic exercise,

following one session of

hemorheologic parameters such as erythrocyte aggregation and

erythrocyte

immediately after exercise, and persisted for some time.

deformability ~were significantly  impaired
Therefore, these changes should be considered in people with
cardiovascular disorders. The present study concluded that

cardiac rehabilitation program had beneficial changes in blood
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rheology and erythrocyte aggregation of heart patients. There
was also an improvement in erythrocyte aggregation index, a
decrease in ESR, a decrease in blood viscosity and, as a result, an
increase in blood flow. In addition, a reduced ESR can decrease
the risk of thrombosis.

Consistent with the present study, results of a number of
previous studies have shown that hemorheologic variables
positively reacted to exercise and these exercises improved
hemorheologic profile by reducing total viscosity of blood and
plasma, hematocrit, and fibrinogen level. Cardiac rehabilitation
exercises also increased the effective red blood cells transport in
CAD patients (18, 22, 38). Cardiac rehabilitation aims to limit
progression of atherosclerosis, improves physical fitness, helps
patients return to their normal life, relieves or reduces activity-
related symptoms, improves patients' psychosocial status,
prevents recurrent cardiac events, and reduces disability and
mortality due to cardiovascular diseases (1, 39). According to
previous studies, it seems that combined exercises (aerobic-
resistance) are more effective than only resistance or aerobic
exercises on reducing cardiovascular risk factors. In addition,
increasing intensity of exercise, while improving the blood
rheology, significantly reduced the onset of cardiovascular
disease and subsequent mortality (40, 41).

There are some limitations for our study such as the subjects’
sex studied only among male patients, small sample size, and short
period of time constraints. Therefore, it is suggested that researchers
apply the protocol used in the present study for both middle-aged
and elderly men and women suffering from various coronary artery
diseases and for longer periods of time in future studies.

Conclusion

According to results of the present study, eight weeks of cardiac

rehabilitation program (aerobic and aerobic-resistance
exercises) can be recommended for improving rheological
variables, including fibrinogen concentration, platelet
concentration, and red blood cells sedimentation, in middle-
aged men with CAD. However, the aerobic-resistance exercise

was superior to the aerobic exercise.
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