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Abstract

Objectives: Oxidative stress indices are one of the factors that cause and exacerbate cardiovascular diseases in postpartum women,
which can be changed with interval training. Therefore, the current study aimed at investigating the effect of interval training on
oxidative stress indices among women in preterm labor undergoing the coronary artery bypass graft (CABG).
Materials and Methods: This randomized clinical trial was conducted on 21 participants (the sample size was determined based on a
similar study) from December 2018 to May 2019 at Shahid Madani hospital of Tabriz, Iran. After the random allocation of subjects to
the training (n=11) and control (n=10) groups, demographic information was collected and their physical activity level was assessed
using the Kaiser physical activity survey before and after the intervention. In addition, the levels of oxidative stress indices were
measured 24 hours before and after the intervention using the blood sample. The participants completed an eight-week invention
including 24 one-hour sessions according to the available protocol. Finally, data were analyzed by means of statistical tests such as
the Shapiro-Wilk, Leven, and Student’s t-test at a significant level of <0.05.
Results: The effect of the aerobic exercise program on body weight loss, as well as body mass index (BMI) and body fat percentage
changes was significant in the training group (P=0.011, P=0.004, and P=0.001, respectively). Based on the results, the serum and
urine levels of 8-hydroxy-2-deoxyguanosine reduced significantly after the completion of the intervention (P=0.002 and P=0.001,
respectively) in the training group.
Conclusions: In general, aerobic exercise after CABG decreased the fat percentile, BMI, and oxidative stress indices in the subjects.
Thus, these trainings could reduce oxidative stress indices by increasing tissue metabolism and oxygen consumption.
Keywords: Oxidative Stress, Labor, CABG

Introduction
Numerous studies showed that oxidative stress can be
considered as a leading factor in the pathogenesis of some
chronic non-communicable diseases such as diabetes,
cancer, chronic kidney disease, and cardiovascular
disease, as well as the incidence of some processes
including aging (1,2). Oxidative stress is a condition in
which the balance between the production of free radicals
and their neutralization by antioxidants is disturbed,
namely, the condition that leads to the accumulation of
free radicals and their production inside the cells (3),
consequently exacerbating the severity of the disease
and its complications (4). In addition, oxidative stress
is recognized as a pathogen in most diseases (5,6),
and important sources of oxidative stress in the body
are environmental contaminants, rays, and chemical
compounds such as anticancer drugs, tobacco, and
alcohol (7).
It is shown that oxidative stress can cause premature
labor in women. In other words, women in premature

labor have high levels of oxidative stress (8). On the other
hand, oxidative stress leads to postpartum complications
in women (9).
According to previous research, there is a close
relationship between the production of reactive oxygen
species (ROS) and the antioxidant system analysis (10).
ROS is one of the factors affecting preterm labor which,
according to (11), can cause preterm labor by affecting the
antioxidant system. Likewise, structural changes in DNA
as a result of exposure to ROS have attracted the attention
of some researchers, and such changes play an important
role in the development of aging, atherosclerosis, and
diabetes (12).
Today, many interventions relying on medication,
improvement of dietary habits, dietary supplements, and
regular exercise are used to control oxidative conditions
in the heart and prevent cardiovascular diseases (13), and
their impact on oxidative stress indices is also confirmed
in some studies while rejected in some other (14-16).
The increase in age worsens the condition of
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Key messages

►► Oxidative stress indices are one of the factors that cause
cardiovascular diseases in postpartum women
►► Aerobic exercise affects oxidative stress indices.
►► Aerobic exercise leads to positive effects on oxidative
stress indices in women with preterm delivery.

cardiovascular disease (17), and women who have had
premature delivery also higher levels of oxidative stress
as well. On the other hand, coronary artery bypass graft
(CABG) is the treatment of choice for narrowed or blocked
coronary arteries, and it is expected that the health status
dramatically improves after CABG in the affected patients
while many of such patients continue to experience
significant problems after CABG. Therefore, prevention
from post-CABG complications in the affected patients is
part of the treatment process. Given that very few studies
are conducted on the effects of interval training on the
reduction of oxidative stress after premature delivery (one
of the causing and exacerbating factors for heart disease),
and no study thus far has investigated the effects of interval
training on post-CABG oxidative stress in women with
preterm delivery, the present study aimed at evaluating
the effect of interval training on oxidative stress indices in
women with preterm delivery undergoing CABG surgery.
Materials and Methods
The current parallel-group randomized, controlled
trial was conducted from 22 December 2018 to 22 May
2019 at Shahid Madani Hospital in Tabriz, Iran. The
inclusion criteria were female gender, an experience of
preterm delivery, permission for exercise (confirmed by
the relevant physician), the age range of 30 to 40 years, a
body mass index (BMI) ≥19 and ≤30 kg/m2, and 6 months
elapse of CABG surgery. On the other hand, the exclusion
criteria included smoking and having regular training in
the past three months and irregular training during the
intervention.
The sample size was determined 21 (n=11 and
n=10 in the training and control groups, respectively).
Participants were entered into the study using convenient
and purposive sampling methods and were randomly
divided into two groups using a random numbers table. In
addition, random assignment to groups was performed by
a statistical advisor.
After providing eligible participants with explanations
about the study by the researcher’s assistant, the
participants were asked to complete the forms at the
hospital. The forms had two parts. The first section
included demographic information (i.e., age, height,
weight, body fat mass, BMI, and the serum and urine
levels of 8-hydroxy-2-deoxyguanosine) and the second
one was the Kaiser physical activity survey the validity of
which was 0.87 based on Cronbach’s alpha (18).

Further, the body composition was analyzed as the
height (measured to the nearest 5 mm using a statiometer,
Seca, Germany), the hips and waist circumferences
(measured to the nearest 5 mm using a tape), weight (by
a digital weight scale to the nearest 100 g), and body fat
percentage (using a bioelectrical impedance device, inbody-720, South Korea).
Waist-to-hip ratio and BMI were measured. BMI was
calculated by dividing weight in kilograms by height
in meters squared. To measure the waist-to-hip ratio,
the researcher first measured the waist circumference
and then the hip circumference using a tape. Then, the
waist-to-hip ratio was obtained by dividing the waist
measurement by the hip measurement. All measurements
were taken while the participants were prohibited from
eating and drinking for four hours before the test, and
their bladders, stomachs, and intestines were evacuated as
far as possible.
In the current study, blood samples were collected 24
hours before and after the training session. Furthermore,
sampling was performed in the laboratory from 8:00 to
10:00 am, from the left ventricle of each subject in a sitting
position and at rest by a skilled nurse who was blind to
grouping. Moreover, the serum level of 8-hydroxy-2deoxyguanosine was measured by the enzyme-linked
immunosorbent assay using Casa Bio kits (Japan).
The training program was an eight-week intervention
including three 60-minute sessions per week. Additionally,
morning exercises (9:30 to 11:00 am) included general
warm-ups for 10 minutes (i.e., walking, soft running,
stretching exercises, and jugging) and aerobic exercises
for 45-60 minutes with an intensity of 50%-70% of the
maximum heart rate. In addition, the sessions began from
30 minutes and then gradually increased to 45 minutes at
the end of the intervention. Further, the intensity of the
exercise was controlled by Pulsers™ (POLAR, Finland).
At the end of each session, 10 minutes was dedicated to
turning the body to its normal state and cooling-down (i.e.,
slow running, walking, and stretching exercises). After
the completion of the intervention, body composition
parameters were measured in a manner similar to those
of pre-intervention measurements, and the data were
collected accordingly. Furthermore, the intensity of
exercise in addition to the heart rate was controlled by the
Borg rating of perceived exertion scale (19). On the other
hand, the control group had no activity during the study
period and was inactive (had a normal lifestyle). Among
the safety issues considered during the exercise, covering
the gym floor with tatami mats to prevent damage to
subjects seems noteworthy. The subjects were requested
to have the right clothing and wear sports shoes at
training sessions. Moreover, trainings were performed in
the university gymnasium and supervised by the faculty
members of the Physical Education Department, Tabriz
University of Medical Sciences.
The study was carried out after obtaining approvals
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from the Ethics Committee of Tabriz University of Medical
Sciences and the registration of the study in the Iranian
Registry of Clinical Trials (No: IRCT20190325043107N2).
After obtaining the required permissions and coordination
with the officials of the Shahid Madani hospital, the
researcher attempted sampling. After explaining the
research objectives to the subjects, they were asked to
sign the informed consent form. Additionally, permission
for exercise was obtained from the cardiologist in order
to ensure that patients are at ease with exercise. All the
rendered services to the subjects were free, and the
patients’ information was maintained confidential (2029).
At the end of the executive phase of the research, the
collected data were analyzed with SPSS software, version
19. After verifying the normal distribution of the data,
using the Shapiro-Wilk exploratory test and homogeneity
of variances by means of the Leven test, for intra- and
inter-group comparisons, the Student’s t-test was used in
dependent and independent groups (The application of
each test is given in the Result Section). A P <0.05 was
considered as the level of significance.
Results
During the mentioned period, 31 patients were identified
of who, 10 cases were excluded due to the lack of eligibility.
Twenty-one patients were enrolled in the study, and 11
patients completed the exercise intervention after random

allocation. The participants regularly participated in the
designated exercise program and the sample dropouts
were 0 (Figure 1).
The mean age ± standard deviation (SD) of the
participants in the training and control groups was 31.29
± 12.10 and 30.29 ± 12.10 years, respectively, and there
was no significant difference between the two groups (P
= 0.510). In addition, the mean height ± SD, mean weight
± SD, and mean BMI ± SD of participants were 171.55
± 15.39 cm, 78.80 ± 6.50 kg, and 25.35 ± 2.40 kg/m2,
respectively. The comparison of the results between the
two groups represented no significant differences in terms
of demographic characteristics (Table 1).
Based on the results of the Student’s t-test, the effect
of the aerobic exercise program on body weight loss (P
= 0.011), BMI (P = 0.004), and body fat percentage (P
= 0.001) was significant in the training group. Further,
the serum (P = 0.002) and urine (P = 0.001) levels of
8-hydroxy-2-deoxyguanosine decreased significantly
at the end of the intervention compared to baseline in
the intervention group. Based on the data in Table 2,
intragroup comparisons demonstrated changes in the
mean weight and serum 8-hydroxy-2-deoxyguanosine
levels between the study groups (Table 2).
Discussion
The current study aimed to investigate the effect of
interval training on oxidative stress indices among

Assessed for eligibility (n= 31)

Excluded (n= 10)
Not meeting the inclusion criteria (n=10)

Randomized (n= 21)

Allocation
Allocated to intervention (n= 10)

Allocated to intervention (n= 11)
Received allocated intervention (n= 11)

Received allocated intervention (n= 10)

Follow-Up
Lost to follow-up due to some reasons (n=0)

Lost to follow-up due to some reasons (n=0)
Discontinued intervention due to some reasons
(n=0)

Discontinued intervention due to some reasons
(n=0)

Analysis
Analysed (n=10)
Excluded from analysis due to some reasons (n=0)

Analysed (n=10)
Excluded from analysis due to some reasons (n=0)

Figure 1. The Flow Chart of the Recruitment and Retention of Participants.
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Table 1. Demographic Characteristics of Patients
Group

Mean ±SD
Age (year)

BMI (kg/m2)

Weight (kg)

Height (cm)

Training (n=11)

31.87±11.49

24.45±2.30

77.75±5.90

168.15±14.45

Control (n=10)

30.35±12.10

26.25±2.50

79.85±6.11

173.10±15.80

0.402

0.703

0.512

0.369

P value

women in preterm labor undergoing CABG. In recent
years, many studies have focused on the reduction of
cardiovascular disease and its predisposing factors. In the
latest research, oxidative stress and its indices as causative
and exacerbating factors for cardiovascular disease are
considered more than the other parameters, and ways to
improve these indices such as exercise are investigated
as well (30). The present study evaluated the effect of
eight-week aerobic training on patients who underwent
CABG, and a significant change was observed in the
(BMI, body fat percentage, and oxidative stress indices in
the posttest compared to those of the pretest. Considering
that the heart muscle, which is rich in mitochondria, is
an important source of ROS production, it is more at risk
compared to other body organs (31).
The results of the current study showed that training
reduced body fat percentage and BMI, which is consistent
with the results of similar studies (32-35). Increasing fat
oxidation capability by increasing the level of β-oxidation
enzymes and Krebs cycle productivity following sports
activities seem to be the causes of fat burning and a
decrease in body fat percentages as well as BMI. More
precisely, these indices decrease following doing exercise.
On the other hand, decreasing fat percentage and BMI can
somehow guarantee the physical health of patients after
CABG and accelerate the treatment process.
8-hydroxy-2-deoxyguanosine is one of the hallmarks of
DNA oxidation and has received much attention in recent
studies. The researchers believe that regular, not too heavy
exercise for this group of people is a healthy and natural
way to prevent oxidation and that, the level of 8-hydroxy-

2-deoxyguanosine rises significantly after the exercise. In
this regard, Samia et al confirmed this issue (14) and their
results are in line with those of the present study.
Moreover, the findings of this study indicated significant
changes in the serum and urine levels of 8-hydroxy2-deoxyguanosine after exercise. In this regard, which
corroborates with the results of some other studies (14,
36-38). However, it can be argued that aerobic exercise
usually increases metabolism while it reduces excessive
oxidation and deterioration of the patient’s health status
through intracellular mechanisms. On the other hand,
training with increasing oxygen consumption in the
heart tissue may reduce the risk of oxidative stress and its
indices in patients with cardiovascular disease.
Limitations
The limitations of the present study were the lack of
considering the patients’ diet and the small sample size.
Therefore, further studies are recommended based on the
limitation of the present study.
Conclusions
In general, aerobic exercise after CABG reduces fat
percentage and BMI, as well as oxidative stress indices.
In other words, these exercises decrease oxidative stress
indices by increasing tissue metabolism and oxygen
consumption. Therefore, the authors suggest that aerobic
exercise be added to the rehabilitation programs of
patients who underwent cardiac surgeries.
Authors’ Contribution
KH managed the intervention and participated in data
collection. MD contributed to data analysis. MKG
Participated in article submission, article preparation,
assistance with intervention, and study design.
Conflict of Interests
Authors declare that they have no conflict of interests.

Table 2. Comparison of Intragroup and Intergroup Changes in Two Groups After Exercise

Variable

Group

Mean ± SD

P Value

Pretest

Posttest

Training (n=11)

77.75±5.90

74.03±5.20

0.011

Control (n=10)

79.85±6.11

80.15±6.45

0.312

Training (n=11)

24.45±2.30

21.55±1.71

0.004

Control (n=10)

26.25±2.50

27.30±2.60

0.219

Training (n=11)

41.55±4.80

36.80±3.95

0.001

Control (n=10)

42.05±4.91

41.25±3.99

0.396

Serum 8-hydroxy-2deoxyguanosine

Training (n=11)

341.25±20.80

250.25±18.80

0.002

Control (n=10)

345.29±19.15

340.30±20.25

0.512

Urine 8-hydroxy-2deoxyguanosine

Training (n=11)

10.40±2.25

6.55±2.30

0.001

Control (n=10)

11.29±2.50

11.90±2.95

Weight (kg)
BMI (kg/m2)
Body fat percentage (%)

Intragroup

0.275

Intergroup
0.005
0.004
0.001
0.002
0.001

Note. SD: Standard deviation; BMI: Body mass index.
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