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ABSTRACT

Background and objectives: Evidence has shown that
inflammatory mediators play an important role in the
pathogenesis of atherosclerosis. The aim of this study was to
evaluate effects of eight weeks of continuous and intermittent
aerobic exercise on some inflammatory indices in men with
heart failure.

Methods: The effects of continuous aerobic exercise (at 45-70%
maximum heart rate) and intermittent aerobic exercise (at 45-
80% of maximum heart rate) on the level of interleukin 6 (IL-6)
and high-sensitivity C-reactive protein (hs-CRP) and tumor
necrosis factor alpha (TNFa ) were evaluated in 42 men with
heart failure using commercial ELISA kits. Blood samples were
taken after 12 hours of fasting one hour before the first session
and 48 hours after the last exercise session. The subjects
performed exercises three sessions a week, for eight weeks. Data
were analyzed by one-way ANOVA at significance of 0.05.

Results: After the exercise program, serum hs-CRP (P=0.023),
IL-6 (P=0.018) and TNF-a (P=0.048) differed significantly
between the exercise groups and the control group. In addition,
serum levels of IL-6 and hs-CRP decreased slightly in the
intermittent aerobic group, but there was no significant
difference between the two exercise groups. Intermittent aerobic
exercise significantly reduced serum TNF- o level compared to
the control group.

Conclusion: Probably aerobic exercise can have positive effects
on the level of hs-CRP, IL-6 and TNT- o in patients with heart
failure.

Keywords: 1L-6, hs-CRP, TNF- o, Aerobic Exercise, Heart

Failure.
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INTRODUCTION

Chronic inflammation plays a main role in
the development and progression  of
atherosclerosis (1, 2) through endothelial
activation and expression of adhesion
molecules on the surface of activated
endothelial cells (3). Excessive and chronic
production of inflammatory cytokines disrupts
cardiac  contraction and may induce
hypertrophy and apoptosis of cardiomyocytes.
Therefore, these inflammatory cytokines can
be considered as important markers of severity
and progression of cardiovascular disease and
heart failure.
Tumor necrosis factor (TNF) is a cytokine
produced by macrophages and neutrophils that
has several potent pro-inflammatory effects. It
mediates host responses in chronic/acute
inflammatory  conditions and plays an
important role in the pathogenesis and
progression of atherosclerosis and heart failure
(4, 5). Interleukin-6 (IL-6) is produced and
released by mononuclear phagocytes, vascular
endothelial cells, fibroblasts and some other
cells in response to microbes and certain
cytokines, especially 1L-1 and TNF-o, which
are mainly present in monocytes and
macrophages. It is considered one of the most
important mediators in development of
inflammation symptoms in the human body
(6). Reports suggest that the activation of
inflammatory markers such as IL-6, TNF-a
and high sensitivity C-reactive protein
(hsCRP) during cardiovascular disease play a
role in the migration of inflammatory cells to
the sub-endothelial layer of vessels through
activation of cellular factors produced by
cytokines (7). In this regard, Tsimikas et al.
introduced IL-6 and some pro-inflammatory
indices as risk factors of heart failure (8). In
addition, hsCRP can predict the risk of
coronary events and cardiovascular disease
among healthy people (9). This protein is
secreted in response to IL-6 and IL-1B
inflammatory cytokines and contributes to the
progression of arteriosclerosis through ICAM-
1 and monocyte chemotactic protein-1. In this
context, Signorelli et al. studied the changes in
cytokines of patients with peripheral arterial
disease. The results showed that the levels of
anti-inflammatory markers increased
significantly in patients and the control group
after treadmill running (10). Michowitz et al.
reported that hs-CRP is raised in patients with
heart failure and may predict severity of the
disease (11).
The program was set up individually and
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Most findings from studies suggested that after
regular  aerobic exercise, inflammatory
responses are restrained due to a decrease in
the predictive indicators of cardiovascular
disease (12,13). According to studies, aerobic
exercise has evident positive effects on the
level of inflammatory markers including
VCAM-1, IL-6, CRP and TNF-o in patients
with heart failure (14). It has also been
reported that the risk of cardiovascular disease
is significantly lower in people who get more
weekly exercise (15). Moreover, a number of
studies suggested that most people rather
participate in intermittent exercise, which can
significantly reduce inflammatory markers
(16, 17).
The aim of this study was to investigate effects
of eight weeks of continuous and intermittent
aerobic exercise on some inflammatory indices
in men with heart failure.
MATERIALS AND METHODS

This was a semi-experimental research
with a pretest posttest design. Study
population included 42 men aged 50-60 years
old with confirmed heart failure (grade 1 to 3)
and ejection fraction of less than 45%
(inclusion criteria) who were enrolled via
purposeful sampling. The subjects were
randomly and equally divided into three
groups of continuous aerobic exercise,
intermittent aerobic exercise and control. This
study was approved by the Iranian Center for
Clinical Trials (IRCT20180721040545N1) and
the Ethics Committee of the Research Institute
of Sport Sciences (IR.SSRI.REC.1397.214).
Exclusion criteria included having a history of
heart disease for less than 5 years and regular
exercise in the past six months. In the first
session, age, height, weight and body mass
index (BMI) of the subjects were recorded.
Weight was measured using a Seca scale with
minimal clothing. The height of subjects was
measured with no shoe using a Seca altimeter
with a precision of 0.1 cm. The subjects
exercised under supervision of a cardiologist,
three sessions a week, for eight weeks, and
their vitals were monitored by a nurse.Level of
IL-6 and TNF-o was determined using a
commercial ELISA kit (Bender Med System,
Austria). Serum level of IL-6 (sensitivity: 0.92
pa/ml, inter-assay coefficient of variation:
5.2% and intra-assay coefficient of variation:
3.4%), serum level of TNF-a
(sensitivity:0.5pg/ml, inter- assay coefficient
of variation: 8.1% and intra-assay coefficient



of variation: 7.7%) and serum level of hs-CRP
was measured using an ELISA Reader
(TECAN IBL International, Germany), with a
sensitivity of <lmg/ml, inter-assay of 4.3%
and intra-assay coefficient of variation of
5.2%. To measure biochemical parameters,
blood samples were taken after 12 hours of
fasting one hour before the first the exercise
session and 48 hours after the last exercise
session. The subjects were advised not to
perform intense physical activity within 24
hours of sampling. An experiment was
performed 48 hours after the last exercise
session with the same pre-test conditions in
order to reduce fatigue interference. After
centrifugation, serum of each subject was
stored at -80 ° C until analysis.

The exercise program was performed using
treadmill with ergometer to determine the
heart rate and training intensity. Based on the
primary ability of each subject, the exercise
program was performed after the stress test.
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purposefully to increase functional capacity
based on the principles of practice design and
according to the recommendations of the
American College of Sports Medicine (ACSM).
The exercise program was also designed under
the supervision of a medical specialist. The
subjects performed continuous exercise (at 45-
70% maximum heart rate) and intermittent
exercise (at 45-80% of maximum heart rate),
with 10-minutes warm up, 5-10 minutes rest
between each set and cool down by stretching
exercises (Table 1) (18). After confirming
normal distribution of data by the Shapiro-Wilk
test and ensuring the homogeneity of variances
by the Levene’s test, inter-group differences
were analyzed using one-way analysis of
variance (ANOVA) and Tukey’s post hoc test.
All statistical analyses were performed in SPSS
software (version 16) at significance of 0.05.

Table 1. Details of the exercise protocol

Exercise Vehicle Variable Week Week Week Week Week Week Week  Wee

1 2 3 4 5 6 7 k8

Continuous  Treadmill Intensity ~ 45-50 50-55 55-60 55-60 60-65 60-65 65-70 65-70
aerobic running (%
MHR)

Duration 30 30-35 30-35 35-40 35-40 40-45 4045 45-50
(min)

Intermitten  Treadmill Intensity ~ 45-50 50-55 55-60 60-65 65-70 70-75 75-80 75-80
t aerobics running (%MHR)

Duration 10-12  10-12 12-15 12-15  15-18  15-18 18-20  18-20
(min)

Fixed Intensity 15 15 20 20 25 25 30 30

Bicycle (Watt)
Duration 10-13  10-13

(min)

13-15  13-15  15-17  15-17 17-20 17-20
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RESULTS

The demographic characteristics of the
participants are shown in table 2.
Intermittent and continuous aerobic exercise
decreased the serum levels of hs-CRP and IL-6
and TNF-a. in the exercise groups (Table 3).

The level of TNF-a differed significantly
between the exercise groups (P=0.040), but
there was no significant difference between
serum level of TNF-o between the continuous
aerobic exercise group and the control group.

Table 2. Demographic features of the participants

Group Continuous aerobic Intermittent aerobic Control
Variable exercise exercise
Age (years) 57.07+3.31 57.21+3.37 57.85+2.79
Height (cm) 172.92+3.97 171.85+3.67 171.6443.41
Weight (kg) 83.42+4.76 83.78+4.79 84.50+6.04
BMI (kg/m?) 28.01+1.37 28.38+1.61 28.68+1.94
Table 3. Inter-group differences of means between the study groups
Variable  Group Continuous aerobic Intermittent Control F P-value
mean =+ ) exercise aerobic exercise (mean + SD) Inter-
(SD (mean £ SD) group
hsCRP Pretest 2.46+1.01 245+0.97 2.44+1.076 2.4.138 0.023
(mg/1) post-test 1.88+0.92 1.85+0.85 2.42+0.68
IL-6 Pretest 3.32£1.06 3.31+1.32 3.07+£0.94 4.489 0.018
(pg/ml) post-test 2.84+1.08 2.81+1.17 2.90+0.86
TNF-a Pretest 9.10+0.71 9.09+0.96 8.92+0.99 3.294 0.048
(pg/ml) post-test 8.78+0.75 8.63+0.89 8.85+0.92
DISCUSSION weeks of aerobic training significantly

Our results showed that aerobic exercises
decreased the level of all three parameters. In
2016, Hammond et al. stated that increased
physical activity and exercise can reduce hs-
CRP even in adults with heart disease (19). In
2017, Tenorio et al. investigated the effects of
low to high intensity aerobic exercise on
inflammatory biomarkers and endothelial
dysfunction. The study reported that
intermittent exercise can significantly decrease
TNF-a level. Although both trainings could
partially improve some inflammatory factors,
the effects of intermittent exercise were more
profound compared to the effects of low-
intensity aerobic exercise, which is in line our
findings (20). However, Kim etal. did not
observe any significant change in IL-6 levels
after six weeks of training, which is
inconsistent with our findings (21). This
difference in the results could be due to
differences in the number of participants and
duration of exercise program. In line with our
findings, Haghir etal. reported that eight
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decreases CRP levels in heart failure patients
(22).In a study by Bijeh and Hejazi, six
months of aerobic training slightly decreased
CRP levels (23). Recent studies have reported
that intense intermittent workouts will have
more significant effects on BMI compared to
moderate-intensity training. Given that CRP is
associated with BMI and fat mass, intermittent
exercise and the increased catecholamine
concentration can further stimulate lipolysis
(24). A common concept regarding the
pathophysiological mechanism of
atherosclerosis is the  production  of
inflammatory cytokines in response to
oxidized low-density lipoprotein (LDL) and
macrophages associated with atherosclerotic
plaques. . It is thought that regular or long-
term exercise can decrease oxidized LDL as
well as the levels of IL-6 and TNF-a (25, 26).

This effect may be exerted directly by
reduction of cytokine production in fat, muscle
and mononuclear cells, and indirectly by



increasing insulin sensitivity, which improves
endothelial function and results in weight loss
(27). One of the most important interleukins
responsible for lowering CRP levels after
exercise is IL-6, which is secreted from
adipose cells. Continuous exercise can
decrease adipose tissues, thus reducing serum
levels of IL-6 and CRP (28). Moreover, IL-6
has pro-inflammatory properties in fat and
liver cells and causes insulin resistance. The
effect of exercise on IL-6 production is
strongly dependent on exercise duration and
muscle mass (29). The positive effects of
exercise on IL-6 expression may also be
related to the increase in lipolysis, lipid
oxidation, glycogen homeostasis and anti-
inflammatory activity. It has been also
suggested that aerobic exercise may increase
lipolysis by stimulating production of
hormones that are sensitive to lipase activity,
which may be related to the decrease in TNF-a
(30).
CONCLUSION

The results of this study indicate that eight
weeks of continuous and intermittent aerobic
exercise can significantly decrease some
inflammatory indices in men with heart
failure, while the effects of intermittent
aerobic exercise was slightly stronger than the
effects of continuous aerobic exercise. It is
recommended to investigate effects of aerobic
exercise with a controlled diet and at various
exercise intensities on inflammatory indices of
heart failure patients.
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