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Abstract

Background: Research on the effects of moderate-intensity endurance training on inflammatory indices and cardiovascular risk
factors is limited.
Objectives: The aim of this study was to determine the effects of six weeks of endurance training on liver enzymes, body composi-
tion, lipid profile, interleukin-6, and C-reactive protein responses in people with a family history of coronary artery disease (CAD).
Methods: Thirty men (30 - 45years) participated in this study who were divided into two groups, including the control group (n =
10) and training group (n = 20) systematically. The training group program consisted of running on a treadmill for 30 minutes with
an intensity of 55 to 60% of maximum heart rate. These training programs were continued three times a week for six weeks. The
control group did not perform any exercise program. ELISA technique was used to measure lipid profile, liver enzymes, interlukin-6
(IL-6), and high-sensitivity C-reactive protein (hs-CRP), respectively.
Results: The results showed that the variables of weight, liver enzymes, lipid profile, IL-6, and hs-CRP were significantly different
from the pre-test (P < 0.05). Also, in between-group comparison, the results showed that except for the variables of fat percentage
and BMI in the other variables of the study, a significant difference was observed (P < 0.05).
Conclusions: The results of this study suggest that moderate-intensity endurance training could be used as a useful way to reduce
weight, levels of inflammatory markers, liver enzymes and cardiovascular risk factors in people with a family history of CAD.
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1. Background

Coronary heart disease is a part of cardiovascular dis-
ease that is caused by narrowing of the coronary arteries
or blockage of these arteries. The main cause of this dis-
ease is atherosclerosis, which leads to the appearance of
hard plaques in the inner walls of the coronary arteries.
These diseases have several causes, including known risk
factors such as hyperlipidemia, hypertension, diabetes,
obesity, smoking, and family history (1-3). Acute coronary
syndrome usually occurs in people over the age of 45, but
the prevalence of factors such as obesity, hypertension, di-
abetes, and metabolic syndromes will increase the risk of
developing premature cardiovascular disease in people (2-
4). The results of many studies show that among the risk
factors for atherosclerosis and other cardiovascular dis-
eases, some inflammatory factors such as interleukin-6 (IL-
6) and C-reactive protein (CRP) are involved (5-7). There
is ample evidence that pro-inflammatory cytokines are

highly sensitive in predicting cardiovascular diseases and
play important roles in the pathogenesis of atherosclero-
sis. It should be noted that people with high levels of IL-
6 and CRP are more likely to die from cardiovascular dis-
eases, regardless of age or history of disease (5-7).

Interleukin-6 is the first cytokine that is increased in re-
sponse to physical activity in the blood, and CRP has been
identified as a sensitive inflammatory indicator and an im-
portant predictor in the diagnosis of cardiovascular dis-
ease and can be used to identify susceptible individuals (8-
10). Moreover, IL-6 is secreted by exercise more than any
cytokine. It is mainly produced by adipose tissue, and its
amount of circulation in the blood is related to body mass
index (BMI) as well as insulin sensitivity and glucose toler-
ance. Interleukin-6 has pro-inflammatory properties and
promotes insulin resistance in both fat cells and the liver.
Bijeh and Hejazi (2017) examined the effect of six months of
aerobic exercise on resting levels of CRP, insulin resistance,
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and serum lipid profile of inactive middle-aged women
(10). The results showed that serum levels of TG, C-HDL, glu-
cose, and insulin did not change significantly in the exper-
imental group. Although mean levels of CRP and insulin
resistance also decreased, this decrease was not significant
(10). Tarantino et al. (2014), in a study examined the indica-
tors associated with coronary artery disease (CAD) in obese
people and showed that the levels of liver enzymes in these
people were higher than normal levels (11). The results
of this study also showed that at baseline, CRP was pos-
itively associated with IL-6 and inversely associated with
aerobic fitness (11). These studies suggest that regular exer-
cise boosts the immune system, while strenuous exercise
has the opposite effect on the immune response. Accord-
ing to existing research, few studies have been performed
on cardiovascular risk factors and inflammatory indices in
people with a family history of CAD.

2. Objectives

Therefore, in this study, the researcher intends to in-
vestigate the effects of six weeks of moderate-intensity en-
durance training on serum levels of liver enzymes, lipid
profile, and inflammatory indices (CRP and IL-6) in people
with a family history of CAD to determine the role of en-
durance training on some of the effective factors in this dis-
ease.

3. Methods

The statistical population of this study was thirty men
(30 - 45years) with a positive family history of CAD (CAD un-
der the age of 55 in men in the family and under the age of
65 in women in the family) who complain of chest pain and
referred to a heart clinic and were not diagnosed with CAD
by physical examination, ECG, echo, and a non-invasive test
(exercise Bruce test, heart scan, or angiography) by a car-
diologist (12). People were randomly selected and partic-
ipated in this study and divided into two groups, includ-
ing the control group (n = 10) and the training group (n =
20) systematically. Inclusion criteria were a positive fam-
ily history of CAD and negative tests for cardiovascular dis-
eases, and non-use of cardiovascular drugs. Exclusion cri-
teria were also a history of smoking, obesity (BMI > 30), a
history of hypertension, diabetes, kidney disease, history
of liver disease, regular exercise (at least twice a week). Ob-
viously, subjects, who did not meet these conditions or did
not participate in the training program or measure vari-
ables during the research process, or were harmed, were
excluded from the research process (8). Serum levels of ALT,
AST, TG, TC, LDL, and HDL were analyzed using special kits

(Pars Azmon Company, i24 model, made in Iran) (6). Serum
levels of IL-6 and CRP were also measured using ELISA kit
(IL-6: Ratz Fatz kit made in Germany and hs-CRP: monobind
kit made in USA). This article was approved by the Ethics
Committee of Razi University and complied with the ethi-
cal principles of the Helsinki Declaration.

3.1. Training Protocol

Exercise testing is a standard diagnostic, predictive,
and assessment method for evaluating patients with sus-
pected or coronary heart disease. The exercise test, or
Bruce protocol, has seven steps of three minutes, which is
a total of 21 minutes, starting with a speed of 1.7 mph and a
slope of 10% in the first stage. In order to increase the inten-
sity of activity, the speed and slope increased in each stage.
In the later stages, the speed increased by 0.7 mph and the
slope by 2%. The intensity of activity was considered to be
55 to 65% of the maximum heart rate (MHR) for the sub-
jects. It is obvious that the increase or decrease in heart
rate during activity was controlled by the researcher, and
based on the target heart rate range, the speed of desire
movement increased or decreased. The exercise program
consisted of three sessions per week for 30 minutes, includ-
ing five minutes of warming-up, 20 minutes of main train-
ing, and five minutes of cooling-down, and was performed
for six weeks. The control group did not participate in any
training program (12).

3.2. Statistical Analysis

Descriptive statistical variables, such as mean and stan-
dard deviation, were used to analyze data. Two-way ANOVA
with repeated measures was used to compare within-
group and between-group differences. It should be noted
that the difference between pre-test and post-test became
the unit number of delta (∆). P-value < 0.05 was consid-
ered statistically significant.

4. Results

The results showed that in the within-group compar-
ison (difference between pre-test and post-test) and in
weight, BMI, body fat percentage, no significant difference
was observed in the control group (P > 0.05), but in the
training group, there was a significant difference (P < 0.05)
only in the weight variable (Table 1). Also, comparing delta
changes (pre-test and post-test changes) using indepen-
dent t-test, the results showed that there was no signifi-
cant difference between BMI and body fat percentage be-
tween control and exercise groups, but in the weight vari-
able, these differences were significant (P < 0.05) (Table 1).
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Table 1. Changes in Body Composition and Lipid Profile in Studied Groups

Variables Control; Pre-test, Post-test Training; Pre-test, Post-test

Weight (kg) 77.6 ± 6.5, 78 ± 6.7 77.3 ± 12.3, 76 ± 12 a , b

BMI (kg.m-2) 25 ± 1.4, 25.1 ± 1.3 24.4 ± 2.6, 24.5 ± 2.7

HDL (mg.dL-1) 41.7 ± 7.6, 42 ± 8.7 42.8 ± 8, 45.6 ± 7 b

LDL (mg.dL-1) 112 ± 30, 115 ± 30 117 ± 37, 95 ± 35 a , b

TC (mg.dL-1) 198 ± 36, 199 ± 37 200 ± 50, 165 ± 36 a , b

TG (mg.dL-1) 162 ± 16, 163 ± 16 144 ± 69,130 ± 57 a , b

Glucose (mg.dL-1) 96 ± 12, 98 ± 13 95 ± 14, 92 ± 11 a , b

AST (U.L-1) 18.9 ± 5, 19.7 ± 5.5 a 20.2 ± 4.7, 17.5 ± 4.3 a , b

ALT (U.L-1) 16.2 ± 2, 17.2 ± 2 a 18.1 ± 5, 15.7 ± 4.5 a , b

IL-6 (pg.mL-1) 13.6 ± 2.7, 14 ± 2.8 14.1 ± 2.5, 7.3 ± 3 a , b

Hs-CRP(mg.L-1) 3 ± 0.9 , 3.06 ± 0.9 4.1 ± 2.8,1.6 ± 1.2 a , b

a Significant difference with pre-test.
b Significant differences with changes (∆) in the control group.

The results showed that all lipid profile variables ex-
cept HDL in within-group comparison were significant in
the training groups (P < 0.05). Also, comparing delta
changes using an independent T-test, the results showed
that a significant difference was observed between the con-
trol and training groups in HDL, LDL, TG, and TC variables
(P < 0.05) (Table 1).

In addition, the results showed that in the within-
group comparison and in ALT and AST variables, a signifi-
cant difference was observed in both control and training
groups (P < 0.05) (Figures 1 and 2). Also, comparing delta
changes using independent t-test, the results showed that
there was a significant difference between ALT and AST vari-
ables between control and training groups (P < 0.05) (Fig-
ures 1 and 2).

Also, the results showed that in within-group compar-
ison and in CRP and IL-6 variables, there was no significant
difference in the control group (P > 0.05), but this differ-
ence was significant in the training group (P < 0.05) (Ta-
ble 1). Also, comparing delta changes using independent
t-test, the results showed that a significant difference was
observed between CRP and IL-6 variables between control
and training groups (P < 0.05) (Figures 3 and 4). Changes
in body composition, lipid profile, inflammatory indices
of the two groups are shown in Table 1.

5. Discussion

The results of this study showed that six weeks of
endurance training significantly reduced the amount of
weight in the training group compared to the control
group. However, in the training group, no significant dif-
ference was observed in the body composition after the

post-test. Also, the results of the present study show that
despite the body composition reduction in the training
group, this difference was not significant with the control
group. The results of the study are in line with the re-
sults of Pedersen et al. (2016) that evaluated the effect of
12 weeks of aerobic training with 80 - 90% of maximum
heart rate on body composition and lipid profile in peo-
ple with a history of CAD. The researchers reported that
despite weight loss, no difference was observed in fat per-
centage and BMI between the two groups (13). On the other
hand, Behboudi and Eizadi (2017), who studied the effect of
endurance training on obese postmenopausal women, re-
ported different results. They reported that 12 weeks of en-
durance training with an intensity of 75 - 60% of maximum
heart rate resulted in significant weight loss, body compo-
sition, and fat percentage in individuals (14). These results
indicate that sex, age, intensity, volume, and duration of
training are important factors that can affect the oxidation
of fats and activation of mitochondrial enzymes; however,
other factors such as feeding the subjects should not be ig-
nored.

Also, in the within-group comparison, the research re-
sults showed that except for the HDL variable, all other
lipid profile variables had a significant change compared
to the pre-test in the training group, but in between-group
comparison, all lipid profile variables (HDL, LDL, VLDL, TC,
and TG) were significant with the control group. The re-
sults of this study are in line with the results of Pedersen
et al. (2016), who evaluated the effect of aerobic exercise
on the lipid profile of people with a history of CAD (13).
They reported that blood LDL levels decreased and blood
HDL levels increased after aerobic exercise. The researchers
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Figure 1. Serum changes in liver aspartate transaminase of the studied groups. * Significant difference with pre-test (P < 0.05); # Significant differences with (∆) the control
group (P < 0.05).

attributed the mechanisms responsible for the change in
lipid profile to weight loss and increased physical activity
in the subjects. On the other hand, Currie et al. (2015) in-
vestigated the effects of 12 weeks of endurance and resis-
tance training on the lipid profile of coronary artery pa-
tients. The results of their research showed that only en-
durance training increased HDL, and serum LDL levels did
not change. The researchers concluded that endurance
training plays an important role in improving the lipid
profile compared to other training methods by increasing
the oxidation of fatty acids and increasing the content of
oxidative enzymes, glucose transporter content, as well as
increasing energy costs (15).

In addition, the results showed that a significant dif-
ference was observed between the training and control
groups in both ALT and AST variables. In support of the
findings of the present study, we can refer to the research
of Taniguchi et al. (2016), which examined the effect of five
weeks of endurance training with an intensity of 60 - 75%
VO2max on fat content and liver enzyme levels in elderly
men. They found that endurance training significantly re-
duced liver enzyme levels (16). But Devries et al. (2008) re-
ported conflicting results after 12 weeks of endurance cy-
cling training with 60 - 75% VO2max in obese individuals (17).
The researchers reported that endurance training could

not alter the subjects’ liver fat content without weight loss.
The researchers also reported that there is a very high cor-
relation between ALT enzyme levels and body fat percent-
age, and liver fat content.

On the other hand, in between-group comparison, the
results showed that there was a significant difference be-
tween the control and training groups in hs-CRP and IL-6
variables. The results of the present study are in line with
the results of Goldhammer et al. (2005), who evaluated
the effect of 12 weeks of endurance training on inflamma-
tory indices in patients with CAD. They stated that hs-CRP
and IL-6 decreased significantly after endurance training
(2). In contrast, Pedersen et l. (2016) and Oliveira et al.
(2015) achieved different results. They reported no signif-
icant change in hs-CRP and IL-6 after performing 12 and
eight weeks of endurance training on inflammatory fac-
tors in CAD patients, respectively. The researchers stated
that the beneficial effects of endurance training did not ap-
pear to be associated with lower hs-CRP and IL-6 levels. A
longer training period, which leads to a reduction in vis-
ceral fat, is probably needed to reduce systemic inflamma-
tion (13, 18). These results indicate that the intensity and
duration of training courses should be moderate and high
in order to be a determining factor in reducing adipose tis-
sue and subsequently reducing inflammatory factors.
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Figure 2. Serum changes in liver alanine transaminase of the studied groups. * Significant difference with pre-test (P < 0.05); # Significant differences with (∆) the control
group (P < 0.05).
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Figure 3. Serum changes in IL-6 of the studied groups. * Significant difference with pre-test (P < 0.05); # Significant differences with (∆) the control group (P < 0.05).
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Figure 4. Serum changes in high-sensitivity CRP of the studied groups. * Significant difference with pre-test (P < 0.05); # Significant differences with (∆) the control group
(P < 0.05).

5.1. Conclusion

Overall, the results of this study indicate that six weeks
of endurance training with an intensity of 55 - 65% of max-
imum heart rate causes significant weight loss, cardiovas-
cular risk factors, inflammation, and liver enzymes in peo-
ple with a family history of coronary artery disease. There-
fore, this type of training can be considered a useful and
suitable method for these people.
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