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Background & aim: The present study aimed to investigate the effects of a three-
month aerobic exercised training course on inflammatory markers in women with 
polycystic ovary syndrome (PCOS). 
Methods: This quasi-experimental study was conducted on a total of 24 women 
with diagnosed PCOS in Isfahan, Iran, within May 22nd to September 21st 2018. 
Participants were randomly assigned into two groups of experimental (n=12) and 
control groups (n=12). The experimental group underwent 12-week aerobic 
exercise training, and the control group was only followed in the study. 
Biochemical markers, including fasting blood glucose, insulin, interleukin-6 (IL-6), 
C-reactive protein (CRP), tumor necrosis factor-α (TNF-α) were measured in the 
two groups. Insulin resistance index was also determined by the calculation of the 

homeostasis model assessment of insulin resistance (HOMA-IR). All the variables 

were assessed and compared after 12 weeks. The independent t-test was used for 
comparing the two groups (P<0.05). 
Results: There was a significant difference between the experimental and control 
groups in terms of IL-6 (P=0.003), CRP (P=0.001), insulin (P=0.008), and HOMA-IR 
(P=0.04) and all were at lower level in intervention than control group. No 
significant difference was observed regarding TNF-α (P=0.48) and glucose 
(P=0.09) levels between the two groups. 
Conclusion: The findings of the current study showed that aerobic exercise is 
useful in the management of PCOS. Therefore, it is recommended to perform 
aerobic exercise as an appropriate modality to control PCOS and reduce its adverse 
effects. 
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Introduction
     The major goal of performing this study was to 
address polycystic ovary syndrome (PCOS) as the 
most conventional and complex endocrine 
disorder affecting the fertility of women in their 
reproductive age (1, 2). The clinical features of 
PCOS include hirsutism, androgenic alopecia 
menstrual irregularity usually from the time of 
menarche, acne, hyperinsulinemia, insulin 
resistance (IR), early onset of type II diabetes 
mellitus, and dyslipidemia (3). The PCOS is 

underpinned by hormonal disturbances, 
including IR and hyperandrogenism. In addition, 
women with PCOS are at a higher risk of obesity 
(4). Obesity is a commonly present sickness 
among women with PCOS, and it was shown that 
between 40-80% of women with this condition 
are reported to be overweight or obese (5).  
     Based on the literature, it has been proved that 
obesity seems to have an additional synergistic 
impression on the manifestations of PCOS, 
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including a modifying effect on insulin sensitivity 
and gonadotrophin secretion, independently and 
negatively affecting insulin sensitivity, risk of 
diabetes, and cardiovascular disease (6). Several 
studies have demonstrated that weight loss of 5-
10% in overweight women with PCOS via energy 
restriction can decrease the circulation of insulin 
levels and hyperandrogenism (7, 8) and enhance 
menstrual cyclicity, fertility, and risk factors of 
cardiovascular disease (7).  
     The results of a systematic review revealed 
that lifestyle modifications, such as performing 
exercise and physical activity, are the first 
medical measurements in the improvement of 
health outcomes in PCOS. The most frequently 
observed refinements included improved 
ovulation, reduced IR (9-30%), and weight loss 
(4.5-10%) (9). The inflammatory mediators in 
PCOS have been linked to hyperandrogenism, IR, 
type II diabetes, and cardiovascular risk factors.  
Recent studies indicated that PCOS is a pro-
inflammatory condition with the increased levels 
of plasminogen activator inhibitor, tumor 
necrosis factor-α (TNF-α), and interleukin (10). 
Circulating levels of TNF-α, interleukin-6 (IL-6), 
high-sensitivity C-reactive protein (hs-CRP), 
white blood cell (WBC) count, and neutrophil 
count have been observed to be elevated in 
patients with PCOS according to age and body 
mass index (BMI)-matched controls (11). 
According to the evidence, hyperglycemia is 
linked to systemic inflammation as observed in 
glucose-intolerant PCOS women.  
     Hyperglycemia and IR could effectively prompt 
an increase in the concentration of reactive 
oxygen species (ROS) (12). The ROS activates the 
nuclear factor kappa-light-chain-enhancer of 
activated B cells, which can stimulate the 
synthesis of inflammatory factor (i.e., TNF-α) that 
is a mediator of IR and is highly expressed in 
PCOS patients (13). One investigation proved that 
all women with PCOS tend to have some sort of 
IR (14). Another study indicated that exercise-
induced improvement in both autonomic and 
cardiopulmonary functions negatively 
corresponds with the inflammatory markers (i.e., 
C-reactive protein [CRP] levels and WBC count), 
strengthening the role of exercise in improving 
the cardiovascular risk profile in young PCOS 
women (15).  
     The results of some studies revealed that 

aerobic exercise reduces inflammation in women 
with PCOS. Vasheghani-Farahani et al. 
demonstrated the impact of their training course 
(i.e., strengthening aerobic exercises) on 
diminishing waist-to-hip ratio (WHR), along with 
the blood level of insulin, fasting blood sugar, hs-
CRP, and homeostasis model assessment of 
insulin resistance (HOMA-IR) index. They all 
decreased drastically in the exercise group, 
compared to those reported in the control group 
(16). The results of another study showed a 
noteworthy reduction in CRP following a three-
month exercise training program (15). The 
results of a contrasting study carried out by 
Jeffrey et al. revealed no significant change in CRP 
and TNF-α (17). Circulating IL-6 concentration 
corresponded with obesity, as well as with IR, 
which is common in PCOS (18, 19).  
      As expressed in previous studies, obesity 
worsens the signs of PCOS; however, reducing 
weight or doing exercise causes improvement in 
reproductive function in women with PCOS but 
with still unknown mechanisms (20).  Regardless 
of the potential advantage of physical exercise in 
PCOS, there have been a small number of studies 
investigating the independent effects of exercise 
on inflammatory factors. Therefore, the present 
study aimed to examine the effects of a three-
month aerobic training course on inflammatory 
markers in young women with PCOS. 

Materials and Methods 
This quasi-experimental study was carried 

out on a total of 24 participants selected from 
obese women within the age range of 20-30 
years affected by PCOS who referred to the 
outpatient gynecologic clinics of Isfahan 
University and Shahinshahr Branch, Iran, within 
May 22nd to September 21st 2018. The presence 
of this syndrome was confirmed using 
ultrasound, blood test, and clinical examination 
performed by gynecologists. 

As the first step in screening the subjects, the 
researchers checked the medical cases of the 
patients admitted to Shahid Beheshti Hospital in 
Isfahan, Iran, followed by contacting the 
potential subjects via telephone calls, sending 
them invitations, or using notice banners in 
order to introduce the present study. The age, 
height, weight, BMI, and fat percentage of the 
subjects were assessed in order to ensure the 
homogeneity of the participants in both groups. 
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Before the treatment, the independent t-test 
was performed for the respective mean scores 
of the two groups. Table 1 tabulates the results 

of the t-test showing that there are no 
statistically significant differences between the 
two means at the beginning of the study. 

Table 1.  Mean±standard deviation of weight, fat percentage, and body mass index in pretest and posttest 
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Weight (kg) 
Control 
Experimental 

74.28±10.07 
77.14±11.23 

74.38±9.93 
75.76±11.87 

0.1±0.14 
01.38±0.64 

1.64±0.47 3.45 P≤0.001 

Fat 
percentage 

Control 
Experimental 

35.62±2.23 
36.66±5.23 

35.83±2.43 
33.62±4.81 

-0.21±0.2 
3.04±0.36 

1.4±0.48 5.58 P≤0.001 

Body mass 
index 
(kg/m²) 

Control 
Experimental 

29.21±2.67 
30.52±3.78 

30.38±3.59 
29.73±3.81 

-1.17±1.32 
0.79±0.03 

1.4±0.16 8.52 P≤0.001 

 
To determine the sample size, the included 

factors were a) the two independent groups, b) 
5% type I error, c) 20% type II error, d) 80% 
power of the statistical test, and e) 0.9 effect 
size. Considering the aforementioned 
parameters, G*Power software (version 3.0.10) 
was used to calculate a total sample size of 26 
subjects (13 women per group) in line with an 
anticipated dropout rate of 20%. A total of 24 
women affected by PCOS were randomly 
selected for the two control and experimental 
groups, with the mean values of BMI and age 
reported as 29.86±3.22 Kg/cm2 and 26.87±4.43 
years, respectively.  

The subjects were not affected by 
cardiovascular, renal, and liver diseases or 
diabetes and did not receive medications, such 
as contraceptives, progesterone, metformin, and 
clomiphene citrate. The participants did not also 
smoke or drink alcohol. While being under 
investigation, the subjects in the control group 
just performed their ordinary daily activities  
 
and were also asked not to participate in any 
exercise program during the study period. In 
order to maintain the calorie intake during the 
study, the subjects’ dietary data were recorded 
by a 24-hour dietary recall questionnaire on 
three days (i.e., Saturday, Sunday, and Friday) 
by the subjects themselves.   

They were not trained and had no regular 
exercise. The plan included 12 weeks of aerobic 
exercise at a moderate level (60-70% of 
maximum heart rate), three 60-minute sessions 

a week. The plan also consisted of a warm-up for 
10 min, main phase (i.e., aerobic exercise) for 40 
min, and cooling down for 10 min. A Polar pulse 
measuring device (Polar, England) was used to 
control exercise intensity. 

The protocol of the present study was 
approved by the Local Ethics Committee of 
Islamic Azad University, Isfahan (Khorasgan) 
Branch, Isfahan, Iran, and informed consent was 
obtained from all the patients before they 
entered the study. Both groups were well 
informed that no change should be made in their 
diet. Then, 5 ml of venous blood was taken from 
the left hands of the subjects by a 
laboratory technician. All of the participants 
were recommended not to have carbohydrate-
rich foods 12-14 h before undergoing the blood 
sampling test and abstain from all or some kinds 
of food or drink up to the next morning during 
the sampling. Two days after the blood 
sampling, the patients were assessed by body 
composition (3.0; Biospace Co., Korea) as an 
analyzing device for determining their weight, 
BMI, and fat percentage. After 12 weeks of 
exercise, another test was performed on the 
patients (observing all the items in the pretest). 
Two days after collecting the samples of the 
second phase, another analysis was carried out 
on the patients. 

Body composition analyzer (3.0; Biospace 
Co., Korea) was employed to determine body 
compositions. The height of the patients was 
obtained by the height measuring device (SEGA, 
USA); however, Polar S-series Toolkit (Polar, 
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England) was used to determine the heart rate. 
For the determination of biochemical variables, 
5 ml of blood samples were taken in a resting 
situation. The subjects were asked not to 
perform exercise 12 h before the blood test. A 
specific kit (Bender MedSystems, Australia) was 
used to determine the level of IL-6 and TNF-α, 
and an ELISA kit (Bender MedSystems, 
Australia) was employed to measure CRP. Then, 
the participants in the experimental group took 
part in a three-month training program after 
which all the aforementioned variables were 
measured again. 

Before the initiation of the study, the subjects 
were asked to fill a testimonial attesting their 
consent and then participate in the study. The 
subjects were explained about the research 
process and their role. The results of the 
experiments were reported to the participants, 
and the data were gathered for the researchers. 
The participants were assured that they could 
withdraw from the study freely. 

Both descriptive and inferential statistics 
were used to analyze the data. After 
investigating the normality of data distributions 
using the Kolmogorov-Smirnov test, an 
independent sample t-test was used to assess 
intergroup and intragroup differences, 
respectively. It is worth noting that SPSS 
software (version 21, IBM Corporation, 

Corporation, Armonk, NY, USA) was utilized for 
data analysis. P-value less than 0.05 was 
considered statistically significant.  

Results 
Tables 1 and 2 tabulate the results of the  
independent t-test for comparing the average 
subtraction of pretest and posttest values of the 
variables in the experimental and control groups 
before and after 12 weeks of aerobic exercises. 
The collected data on weight, fat percentage, and 
BMI are presented in Table 1. A significant 
difference was observed between the control 
and experimental groups regarding bodyweight 
(t=3.45, P<0.05). There was also a significant 
difference in terms of fat percentage between the 
two groups (t=5.58, P<0.05). Likewise, regarding 
BMI, a significant difference was noticed 
between the control and experimental groups 
(t=8.52, P<0.05).  
The collected data about glucose, insulin, and 
HOMA-IR are shown in Table 2. A significant 
difference was observed between the control 
and experimental groups in terms of insulin level 
(t=-2.98, P<0.05). There was also a significant 
difference regarding HOMA-IR between the two 
groups (t=-2.17, P<0.05). However, concerning 
glucose level, no significant difference was 
shown between the two groups of the study (t=-
1.75, P≥0.05).  
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Figure 1. Levels of tumor necrosis factor-α before and after exercise intervention

 
As depicted in Figure 1, no significant difference 

was noticed regarding TNF-α between the 
experimental and control groups (t=-0.72; 

P>0.05). There was also a significant difference 
in terms of the mean IL-6 between the control 
and experimental groups (t=-3.50, P<0.05). The 
IL-6 decreased significantly in the experimental 

group (P=0.006) but not in the control group 
(Figure 2; P=0.64). 
Regarding CRP, significant differences were 
observed between the control and experimental 
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groups (t=-6.98, P<0.05), as CRP decreased 
significantly in the experimental group 

(P≤0.0001) but not in the control group (P=0.42) 
presented in Figure 3.  

Table 2.  Mean±standard deviation of glucose, insulin, homeostasis model assessment of insulin 
resistance, interleukin-6, tumor necrosis factor-α, and C-reactive protein in pretest and posttest 
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Glucose 
(mmol/liter) 

Control 78.00±9.83 79.00±9.16 
-1.14±.09 

 
-7.9±3.5 

-1.75 
P≥0.00

1 
Experimental 

84.10±10.8
6 

77.00±5.94 7.1±4.92  

Insulin 
(mU/liter) 

Control 18.83±7.66 19.20±7.79 -0.37±0.24 -3.6±2.1 
-2.98 

P≤0.00
1 Experimental 14.28±7.96 10.99±7.09 3.29±0.9  

Homeostasis 
model 
assessment of 
insulin 
resistance 

Control 3.66±1.72 3.64±1.26 0.2±0.46 -0.91±0.4 

-2.17 
P≤0.00

1 Experimental 3.08±1.94 2.15±1.44 0.94±0.5  

Interleukin-6 
(pg/ml 

Control 8.06±13.72 8.22±12.72 0.16±1 -3.68±2.4 
-3.50 

P≤0.00
1 Experimental 5.53±3.14 2.01±1.85 3.52±1.29  

Tumor necrosis 
factor-α 
(pg/ml) 

Control 10.02±3.21 9.97±2.90 0.05±0.31 -0.7±0.21 
-0.72 

P≥0.00
1 Experimental 10.48±4.05 9.73±2.09 0.75±2.04  

C-reactive 
protein 

Control 0.92±1.42 0.77±1.42 0.15±0.1 0.86±-2.2 
-6.98 

P≤0.00
1 Experimental 3.43±0.93 1.08±0.93 2.35±0.1  
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Figure 2. Levels of interleukin-6 before and after exercise intervention 
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Figure 3. Levels of C-reactive protein before and after exercise intervention

Discussion 
     The results of the present study indicated that 
BMI and fat percentage reduced remarkably 

after 12 weeks of performing aerobic exercise. 

Exercise and physical activities decrease the 
body fat that stores estrogens and provides the 
production of steroid hormones (21). The 
findings of the current study confirmed the 
effect of aerobic exercise on the reduction of 

body compositions. The previous studies have 

reported that exercise with or without dietary 
energy restriction improves IR in PCOS (9, 22).      
Three studies previously mentioned all reported 
reduced IR and showed improvements within 
12 weeks of exercise (15, 20, 23).  
     A study was carried out by Giallauria F. et al. 
in 2008 regarding the improvement of the 
immune system independently by physical 
exercises in women affected by PCOS. In the 
aforementioned study, there were 62 
individuals in the experimental group with an 
average age of 22.8 years and BMI of 29.2Kg/m2. 
In addition, there were 62 subjects in the 
control group with an average age of 22.6 years 
and BMI of 29.5kg/M2. The exercises of the 
experimental (i.e., exercise-included) group 
consisted of fixed cycling (3×30 min/week) with 
medium intensity (60-70% VO2 max) performed 
for 12 weeks. Finally, the subjects in the 
experimental group had a considerable 
reduction in BMI and WHR, compared to those 
reported in the control group (15).  
     Regular moderate-intensity aerobic exercise 
over a short period boosts reproductive 
outcomes, such as ovulation and menstrual cycle 
regulation. Furthermore, it decreases weight 
and IR in young overweight females suffering 

from PCOS (9). Similarly, the researchers 
observed a decrease in BMI, fat percentage, and 
IR after 12 weeks of performing aerobic 
exercise. The allocated time for exercising can 
be referred to as one of the probable factors 
contributing to this attainment.  
     In the current study, it was also observed that 
insulin and HOMA-IR reduced significantly; 
however, there were no changes in glucose level 
after 12 weeks of performing aerobic exercise. It 
is obvious that exercise acts through two 
mechanisms, including the stimulation of 
glucose transport through activating an insulin-
independent pathway and protection against 
mitochondrial dysfunction-induced IR through 
increasing muscle antioxidant defense and 
mitochondrial biogenesis (24). 
     In the present study, the initial level of 
glucose was determined as normal. In the 
experimental group, it decreased after the 
intervention from an average of 84.10 to 77. 
Moreover, the insulin level showed a statistically 
significant decrease from 14.28 to 10.99, 
demonstrating a significant reduction in IR. It is 
noteworthy that although a decrease was also 
observed in glucose level, it was not proved to 
be statistically significant (P=0.09). As for the 
intervention resulting in weight loss, the 
decrease in IR led to the regulation of the blood 
sugar using the insulin of less density. 
     The findings of the current study 
demonstrated that a three-month aerobic 
training program improved the inflammatory 
factors (i.e., CRP levels and IL-6) in young PCOS 
women. The degree of elevation in the 
circulating levels of CRP and IL-6 in PCOS was 
much greater when obesity was also present 
(19). Regular exercise training also reduces 
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basal IL-6 production. In addition, the results 

showed that contracting skeletal muscle leads to 
increased cytosolic Ca2 + and activation of p38 
mitogen-activated protein kinases and/or 
calcineurin, which results in the activation of 
transcription factors depending on these 
upstream events. The IL-6 has anti-
inflammatory effects as it inhibits TNF 

production (25). 

     The main result of a systematic review was 
that physical activity/exercise has positive 
nonacute effects on several key factors in the 
atherosclerosis process in patients with risk 
factors of cardiovascular diseases or established 
diseases. The findings of the aforementioned 
review showed that there is sufficient evidence 
that physical activity decreases cytokines, 
particularly TNF-α, and to some extent IL-6 (26).  
The results of the present study are consistent 
with the findings of a study conducted by 
Giallauria et al. (2008) demonstrating a 
significant decrease in CRP levels in the trained 
group. The aforementioned study indicated that 
exercise-induced improvement in both 
autonomic and cardiopulmonary functions 
negatively correlates with the inflammatory 
markers (i.e., CRP levels and WBC count), 
supporting the role of exercise in improving the 
cardiovascular risk profile in young PCOS 
women (15). Morreale et al. proved that CRP 
levels are higher in PCOS; however, multiple 
studies proved that CRP levels are also high in 
obese patients (19, 27, 28).  
     In the meta-analysis of the most comparable 
studies performed by Escobar-Morreale et al. 
(2011), it was demonstrated that circulating 
CRP was boosted in PCOS and indicative of the 
chronic low-grade inflammation present in the 
disorder. In contrast, the trend toward slightly 
greater circulating levels of IL-6 and TNF-α 
among women with PCOS was far from reaching 
a statistical significance. Because the CRP 
elevation attributable to PCOS was relatively 
small, caution should be exercised in using CRP 
to attribute metabolic and cardiovascular risk to 
PCOS (19). Esposito et al. also demonstrated 
significantly reduced CRP and IL-6 levels after 2 
years of a low-energy Mediterranean diet and 
increased physical activity (29). 
     The TNF-α appears to be linked with 

hyperandrogenism, increased IR, and obesity, 
which were common features noted with PCOS 
(30). It was observed that the serum levels of 
TNF-α would increase in patients with PCOS 
(19, 30). In the current study, there were no 
changes in TNF-α after exercise training. These 
results are not in line with the findings of a 
previous study that demonstrated a reduction in 
TNF-α after 7 months of aerobic exercise (31). 
The present study examined the effect of 
performing aerobic exercise within a period of 
only 12 weeks. Studies with a longer duration, 
such as a study carried out by Kondo et al. 
(2006), may show different results regarding 
TNF-α. 
     In a study carried out by Jeffery et al. in 2016, 
it was revealed that the level of TNF after 16 
weeks of exercise did not demonstrate a 
significant difference in women with PCOS. It 
should also be mentioned that in the 
aforementioned study, the initial level of TNF in 
patients with PCOS did not differ significantly 
with the level of TNF reported for normal 
people. Moreover, the results of a similar study 
showed no significant difference between 
patients with PCOS and normal people in terms 

of the gene expression of TNF. There were 

several limitations in the current study, 
including participants’ nutrition and emotions. 
In addition, it is essential to consider the 
number of participants while elucidating and 
generalizing its outcomes. 

Conclusion 
     The obtained results of the present study 
showed that women with PCOS benefit from 
performing aerobic exercise for a long time to 
reduce their bodyweight, BMI, IR, and 
inflammatory factors. The findings of the 
current study suggested that aerobic exercise 
is useful in the management of PCOS and 
should be recommended as an appropriate 
modality to control PCOS and reduce its 
adverse cardiovascular effects. 
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