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 Abstract
 Context. Regular training program is recognized to 
play a key role in chronic low-grade inflammation in obese 
patients. 
 Objective. The aim of this study was to evaluate the 
effects of a continued aerobic training on serum Interleukine-10 
(IL-10) as anti-inflammatory cytokine in obese women. 
 Subjects and Methods. Thirty non-trained 
obese women aged 30-40 years with BMI 30-36 (kg/m2) 
participated in the study and divided into exercise (n=15) 
and control groups. Exercise subjects completed a 6 weeks 
aerobic training at 60-75% of heart rate max and continued 
to 12 weeks. Anthropometrical markers and fasting blood 
samples were collected of all subjects at pre, mid (6 weeks) 
and post training (12 weeks) for measuring serum IL-10. 
Data were analyzed using repeated measures ANOVA. 
Significance was accepted at P<0.05. 
 Results. At baseline (pre training), there 
were no differences in the age, body weight and other 
anthropometrical indexes also in serum IL-10 between the 
two groups (p>0.05). Six and 12 weeks of aerobic training 
resulted in a significant decrease in body weight and other 
anthropometrical indexes and a significant increase in IL-10 
compared to baseline (p<0.05). No significant difference was 
observed in serum IL-10 between 6 and 12 weeks aerobic 
training (p=0.361). There were no changes in all variables in 
the Control group (p>0.05). 
 Conclusion. Based on this data we concluded that 
anti-inflammatory effects of long term aerobic training can 
be attributed in part to IL-10 but further studies over other 
markers of inflammatory profile are necessary in order to 
sustain the anti-inflammatory effect of aerobic training.

 Key words: Aerobic training, Obesity, 
Inflammation, Anthropometry.

INTRODUCTION

 Lipid and hormonal disorders, changes 
in glucose homeostasis, and inflammatory profile 

imbalance are the most important complications of 
obesity and body fat increase. These complications 
predispose to many chronic diseases such as 
cardiovascular and respiratory diseases, kidney disease, 
cancer, and type-2 diabetes (1).
 In addition to being the largest source of body 
triglyceride, adipose tissue, as an endocrine organ, 
discharges a lot of peptide or protein mediators which 
have a major role in the metabolic mechanisms and fat or 
glucose homeostasis (2). This tissue together with some 
other body tissues discharges peptide mediators such as 
adipokines and or inflammatory and anti-inflammatory 
cytokine such as leptin, adiponectin, resistin, C-reactive 
protein (CRP), and many interleukins (3). The literature 
supports these cytokines’ disorder in some chronic 
diseases, particularly diseases such as cardiovascular 
diseases, type-2 diabetes, or metabolic syndrome 
which are consequences of overweight and obesity (4). 
Lower levels of anti-inflammatory cytokines such as 
interleukin 10 (IL-10) in obese populations or related 
diseases compared to people with normal or healthy 
weight have been reported by many recent studies (5).
 IL-10 has an important role in regulating 
the response of the immune system and reducing 
inflammation. This anti-inflammatory cytokine reduces 
inflammation through some different mechanisms 
such as inhibiting the synthesis of pro-inflammatory 
cytokines such as interleukin-12 (IL-12) and tumor 
necrosis factor alpha (TNF-α) through the suppression 
of p65 NF-kappaB (NF-kB) in macrophages (6). 
These anti-inflammatory cytokines are also crucial 
in negative regulation of reactive oxygen species, 
nitrogen mediators, and immune system tolerance (7). 
In this regard, the suppression of proliferation and 
cytotoxic T-cell responses are of high importance (8). 
There are substantial evidences on the relationship 
between IL-10 and obesity (9), metabolic syndrome, 
and cardiovascular disease (10). In adults, the levels 
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of IL-10 decrease in the presence of obesity (11), 
cardiovascular disease (12), and type-2 diabetes (13).
 Recently, several studies have suggested 
solutions to reduce or improve levels of these cytokines 
in the so-called populations. Since obese people have 
higher levels of body fat compared to those with 
a normal weight, it seems that weight loss or low 
body fat percentage are of particular importance in 
improving these cytokines’ profile in this population. 
Considering pharmacological or non-pharmacological 
interventions, the role of exercise or physical activity, as 
a non-pharmacological intervention for maintaining or 
improving levels of cytokines in obese or sick populations, 
has attracted the attention of many researchers in the field 
of health sciences (14). However, depending on the level 
of preparation, type of training program, and the type 
of study population, contradictory findings have been 
observed regarding the inflammatory profile response to 
exercise. Some studies have introduced body weight loss 
as the necessary condition for reducing the inflammatory 
cytokines or increasing the anti-inflammatory cytokines 
(15). Some studies also have reported the lack of 
changes in cytokines in the presence of weight loss (16) 
or significant improvement of cytokines in the absence 
of weight loss (17).
 The findings of a recent study showed that 
improvement of inflammatory profile in response to 
aerobic training programs appears through a significant 
increase in anti-inflammatory cytokines such as IL-10, 
but not through changes in inflammatory cytokines 
such as CRP (18). In the mentioned study, 8 weeks 
of aerobic training led to a significant increase in IL-
10 without any changes in CRP. However, in another 
study, a period of high intensity interval training (HIIT) 
did not result in any significant changes in IL-10 and 
the inflammatory cytokines TNF-α and interleukin-6 
(IL-6) in obese men (19). Hence, due to lack of 
sufficient evidence on the response of IL-10 exercise 
intervention as well as conflicts regarding the effects of 
weight change or body fat percentage on the pattern of 
changes in inflammation profile markers, the present 
study aimed to determine the effect of 12 weeks of 
aerobic exercise on IL-10, weight, body fat percentage, 
and other markers of obesity in overweight inactive 
women.

MATERIAL AND METHODS

 Subjects
 Thirty non-trained age-matched (30-40 year of 
old) obese women (BMI; 30-36 kg/m2) participated in 

the study and divided into exercise (n=15) and control 
(n=15) groups. Ethics approval was given by the Ethics 
Committee of Islamic Azad University, Iran. The 
experimental protocol and potential risks of the study 
were explained to each subject both verbally and in 
writing before their informed consent was obtained for 
participation.

 Inclusion and exclusion criteria
 Obesity (30 kg/m2 ≤ BMI ≤ 36 kg/m2) is the main 
criterion to participate in the study. All subjects were 
inactive, non-smoker and non-alcoholics. Participants 
were included if they had not been involved in regular 
physical activity/diet in the previous 6 months. None 
of the subjects used drugs or therapies for obesity, and 
none had a past history of disease or injury that would 
prevent daily exercise. We also excluded people who 
had any self reported physician diagnosed chronic 
disease (arthritis, stroke, diabetes, hypertension, 
cancer, heart attack, chronic cough, or bronchitis).

 Anthropometric measures
 Anthropometric measurements were taken of 
all study participants before breakfast, with the subject 
wearing light clothing without shoes in the physiology 
laboratory. Weight was measured to the nearest 100g 
using digital scales. Standing height was measured 
to the nearest 0.1 cm with the use of a wall-mounted 
stadiometer. BMI was calculated by dividing body 
mass (kg) by height in squared metres (m2). Abdominal 
circumference and hip circumference were measured in 
the most condensed part using a non-elastic cloth meter. 
Percentage of body fat was estimated by bioelectrical 
impedance method (Omron Body Fat Analyzer, 
Finland). All of these measurements were conducted 
by the same researcher. Each of these measurements 
was conducted two times and the average was reported. 
Anthropometrical indexes were measured before and 
after exercise program.

 Training protocol and Biochemical Analysis
 As mentioned above, subjects were randomly 
divided in exercise and control groups. Control subjects 
did not participate in the training program and were 
instructed to maintain their habitual activities. Aerobic 
intervention lasted 12 weeks. As exercise subjects were 
completed with a 6 weeks supervised aerobic training, 3 
times per week at 60-75 % of heart rate max (HRmax) 
(The first two weeks at 60-65 % of HRmax, third and 
fourth week at 65-70% of HRmax, fifth and sixth week 
at 70-75 % of HRmax) (20). After that, the subject 
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continued aerobic exercise for 6 weeks until the twelfth 
week at 70-75 % of HRmax. Each session started by 10 
min of warm up, 30-40 min of aerobic exercise and 5–10 
min of cool down activity. Aerobic exercises included 
running on flat surface with no slope. The intensity of 
the activity of any person was controlled using the Polar 
heart rate tester (made in the US).
 Blood samples were taken before and 48 hours 
after last exercise session. So, all subjects were asked to 
attend Hematology Lab after an overnight fast. Blood 
samples were obtained between 8:00 and 9:00 a.m. after 
10 to 12 hours overnight fast, and then centrifuged for 
separate serum. Serum was used to measuring IL-10 by 
ELISA method (Enzyme-linked Immunosorbent Assay 
for quantitative detection of human IL-10, Austria). 
The inter- and intra-assay coefficients of variance were 
3.2 and 5.6% pg/mL respectively. 

 Data analysis
 After calculation of the mean and the standard 
deviation, the statistical analysis was conducted using 
the SPSS software version 15.0. Shapiro-Wilk test 
was used to determine the normal status of the data. 
A repeated measure analysis of variance (ANOVA) 
was used to evaluate time-course change in variables 
for serum IL-10 and anthropometrical indexes and 
Bonferroni post hoc test used to determine significant 
values between specific means. Then independent 
sample T-test was used to compare each variable 
between 2 groups at each stage. A criterion alpha level 
of P ≤ 0.05 was used for all statistical comparisons.

RESULTS

 As mentioned above, this study aimed to 
determine the anti-inflammatory effect of aerobic 
training with emphasis on serum IL-10 in non-trained 

obese women. 
 Pre, mid (6 weeks) and post (12 weeks) training 
anthropometrical indexes of two groups are shown in 
Table 1. Based on independent T test, there were no 
statistically significant differences between the exercise 
and control groups with regard to all anthropometrical 
indexes at baseline (P>0.05, Table 1). 
 Based on data of repeated measure analysis, 
significant changes were observed in body weight (p 
= 0.031), abdominal circumference (p = 0.018), hip 
circumference (p = 0.028), BMI (p = 0.019), body fat 
percentage (p = 0.011) and visceral fat (p = 0.026) 
between measuring stages.
 In addition, data by Bonferroni test showed a 
significant decrease in each anthropometrical marker 
after 6 or 12 weeks aerobic training compared with pre-
training (p < 0.05), but no significant difference was 
observed between mid and post-training (p > 0.05).
 As mentioned above, independent T test was 
used to compare each variable between 2 groups in each 
sampling stage. Based on data, all anthropometrical 
markers in exercise subjects were significantly lower 
than those of control group in mid-training as well as 
post-training (p < 0.05, Table 1, Figs 1-4).
 The effect of 6 and 12 weeks aerobic training 
on serum IL-10 was the main aim of the present study. 
Table 2 presents data of serum IL-10 at pre, mid and 
post training of studied groups. At baseline, there was 
no difference in serum IL-10 between the two groups 
(see Table 1). 
 Based on data of repeated measure analysis, 
significant changes were observed in serum IL-10 
between measuring stages (p = 0.023). On the other 
hand, data by Bonferroni test showed a significant 
decrease in serum IL-10 after 6 (p = 0.001) or 12 (p 
= 0.002) weeks aerobic training compared with pre-
training. But no significant difference was observed 

Table 1. Pre, mid and post-training of anthropometrical variables of the subjects

AC, abdominal circumference;  HC, hip circumference; BMI: body mass index.

Variables Pre-training Mid-training                    Post-training
Exercise Control Sig Exercise Control Sig Exercise Control Sig

Weight (kg) 83.3 ± 6.87 83.47 ± 5.40 0.43 82.18 ± 6.55 83.6 ± 5.82 0.023 80.08 ± 6.41 83.31 ± 5.37 0.014
AC (cm) 112 ± 5.24 113 ± 3.97 0.61 110 ± 5.26 114 ± 4.37 0.019 106 ± 5.66 113 ± 4.25 0.028
HC (cm) 115 ± 5.73 117 ± 3.42 0.32 113 ± 5.44 116 ± 3.85 0.032 109 ± 5.41 116 ± 3.81 0.033
BMI (kg/m2) 32.03 ± 1.26 32.07 ± 1.33 0.51 31.60 ± 1.18 32.12 ± 1.53 0.029 30.8 ± 1.19 32.01 ± 1.30 0.022
Body fat (%) 45.04 ± 1.96 45.39 ± 1.64 0.64 43.28 ± 1.92 45.04 ± 2.01 0.009 40.66 ± 1.42 45.08 ± 2.37 0.011
Visceral fat 8.6 ± 0.91 8.47 ± 0.74 0.36 8.2 ± 0.86 8.47 ± 0.91 0.010 7.27 ± 0.45 8.27 ± 0.88 0.015

Variables Pre-training Mid-training Post-training
Exercise Control Sig Exercise Control Sig Exercise Control Sig

IL-10 (pg/mL) 14.79 ± 3.04 17.83 ± 2.27 0.046 17.36 ± 2.72 14.5 ± 2.44 0.028 17.79 ± 3 15.03 ± 2.24 0.025

Table 2. Pre, mid and post training of serum IL-10 of the subjects
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between mid and post-training (p = 0.361). 
 Based on independent T analysis, serum IL-10 
level in exercise subjects were significantly higher than 
those of control group in mid-training (p = 0.014) as 
well post-training (p = 0.023) (Table 2, Fig. 5).

DISCUSSION

 The findings confirm the anti-inflammatory 
effects of 6 and 12 weeks of aerobic training on adult 

obese women. The serum levels of IL-10 in response to 
6 weeks of aerobic training significantly increased. In 
other words, 6 weeks of aerobic training, three times a 
week, significantly increased the serum levels of IL-10 
as an anti-inflammatory cytokine in obese adult women. 
Despite little evidence on response or compatibility of 
IL-10 to exercise training, some studies have attributed 
a decrease in inflammation through training programs 
to the increase of this anti-inflammatory cytokine 
rather than the inflammatory cytokines’ response 
(18). Similarly, in another study, long-term endurance 
trainings caused a significant increase in IL-10 along 
with decreased levels of leptin in mice (14). In a recent 
study, despite the lack of changes in inflammatory 
and anti-inflammatory cytokines such as CRP and 
adiponectin in response to 6-month aerobic exercise in 
type-2 diabetics with overweight, a significant increase 
was observed in serum levels of IL-10 with the ratio of 
IL-10 to interleukin-18 (IL-18); it was associated with 
reduced levels of glucose and insulin resistance in these 
patients (21). In contrast to these findings, in another 
study, lack of significant changes in IL-10 and some 
pro-inflammatory cytokines such as TNF-α and IL-6 

Figure 1. Light microscopic micrograph of testis in control group.

Figure 1. Effects profile of aerobic training on body weight in obese 
females. 

Figure 3. Effects profile of aerobic training on body fat in obese 
females. 

Figure 5. Effects profile of aerobic training on serum IL-10 in obese 
females. 

Figure 2. Effects profile of aerobic training on abdominal 
circumference in obese females. 

Figure 4. Effects profile of aerobic training on BMI in obese 
females.
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after a period of HIIT has been reported in obese men 
(19).
 A significant increase in IL-10 was observed 
in the study while the training program was followed 
by losing weight and body fat percentage among 
women. It should be noted that levels of IL-10 decrease 
in the presence of obesity (10). Hence, increasing 
this inflammatory cytokine followed by the training 
program can be attributed to weight loss or reduction of 
body fat levels. Although some studies have reported an 
increase in this anti-inflammatory cytokine following 
an intense interval training session (22), this increase 
can be accounted as an unstable response to an exercise 
session, not compatibility. In contrast, in another study, 
a resistance training session did not lead to a change 
in serum levels of IL-10, immediate and 60-minute 
recovery in women with metabolic syndrome (23). 
Laboratory studies have revealed that the increase in 
IL-10 by anti-inflammatory properties is probably 
due to anti-inflammatory effects on the vascular 
system through the inhibition of leukocyte-endothelial 
cell interactions and inhibition of the production 
of pro-inflammatory cytokines and chemokines by 
macrophages and lymphocytes (24).
 Recently, it has been specified that anti-
inflammatory effects of adiponectin by IL-10 are 
to some extent a strong anti-inflammatory cytokine 
mediator (10). However, the main mechanisms of 
the association between abdominal obesity and IL-
10 are not fully known yet. It has been reported that 
macrophages are the main source of proteins derived 
by adipose tissue. However, some other studies 
consider IL-10 levels in obese people, revealing that 
the increase in the number of macrophages in visceral 
adipose tissue of obese individuals is the main source 
of secretion of this inflammatory cytokine (25). In 
some other studies, the increase in visceral adipose 
tissue is the main source of IL-10 production in obese 
individuals (10). Nevertheless, it is hypothesized that 
obese patients have higher circulating IL-10 than obese 
healthy individuals. In this context, there is considerable 
evidence that the increase in IL-10 in obese patients 
occurs to inhibit the production of pro-inflammatory 
cytokines (26). On the other hand, some studies refer to 
the fact that obese children have lower levels of IL-10 
(26). The researchers attribute the increase in IL-10 in 
obese people to a compensatory response of the body 
to inhibit the production of pro-inflammatory cytokines 
(26). On the other hand, the increase in the secretion 
of compensation IL-10 in obese children reduces its 
discharge capacity in adulthood, promoting the risk of 

developing type-2 diabetes and cardiovascular diseases 
(27).
 Despite these pieces of evidence, some other 
studies confirm the close relationship between lower 
levels of IL-10 or less secretion of it and clinical 
diseases and disorders (28, 29). Hence, more studies 
are required to be conducted on the mechanisms 
responsible for the link between obesity or body fat 
levels with IL-10 and other inflammatory or anti-
inflammatory mediators. However, laboratory studies 
have revealed that about three-quarters of the difference 
in the production of IL-10 in humans depend on the 
hereditary and genetic features (30). Thus, attributing 
the increase in serum levels of IL-10 on the obese 
women to weight loss or decline in body fat levels is 
somewhat controversial. In obese women in this study, 
continuation of aerobic training program for 12 weeks 
was followed by ascending increase in IL-10 compared 
to baseline levels, however no significant difference 
was observed in IL-10 levels between 6 and 12 weeks 
of the training program. However, the rate of weight 
loss or decline in body fat percentage was perceptible 
between weeks 6 and 12 of training. In other words, 
despite the significant difference in weight and body fat 
percentage between weeks 6 and 12 of aerobic training, 
the serum levels of IL-10 did not significantly change 
between these two training conditions. In this regard, 
some studies have reported a significant improvement 
of cytokines in the absence of weight loss (17).
 Hence, it is hypothesized that increased IL-10 
serum levels in obese women can be mainly attributed to 
compatibility of long-term continuous aerobic exercises 
rather than weight loss or decline in body fat levels, 
which requires conduction of further researches. Some 
studies have indicated that improvement in metabolic 
parameters and inflammatory marker following training 
programs becomes more visible when the training 
program is associated with at least 10% reduction in 
body weight (31). It should be noted that in this study, 
despite a significant reduction in the weight and body 
fat percentage of the subjects following each training 
period, the numerical value of this reduction was less 
than 10 percent compared to baseline levels. 
 Some studies have attributed improvements in 
inflammatory mediators to the increase in cardiovascular 
fitness in response to the training program. In a recent 
study, 6 months of aerobic exercise reduced IL-6 and 
increased IL-10 along with improving VO2max. And 
researchers, assuming the significant relationship 
between IL-10 changes and changes in VO2max in 
response to the training program, have attributed 
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changes of IL-10 to improvement of cardiovascular 
fitness of the subjects (32). In this regard, literature 
review shows that baseline levels of inflammation 
can be a decisive factor of an individual’s relative 
fitness (33). It should be noted that some studies on 
diabetic (34) and metabolic syndrome (35) patients 
have approved an inverse relationship between 
cardiovascular fitness and inflammation independent 
of body fat levels. At the end, it should be also noted 
that small sample size (n=15) is a limitation of the 
present study which cannot allow generalization of 
the results on the target population. In addition, lack 
of measuring other inflammatory or anti-inflammatory 
cytokines such as adiponectin and TNF-α in response 
to the training program is another limitation of the 
current study. 
 In conclusion, regular aerobic training can 
be considered a none-pharmacologic treatment and 
an anti-inflammatory strategy with an emphasis 
on IL-10. This anti-inflammatory property may be 
attributed to weight loss and improvement of the 
body composition in response to the aerobic training 
program. However, examination of other indicative 
markers of inflammatory profile is required to make a 
more comprehensive conclusion. Hence, future studies 
should focus on markers of inflammatory profile. 
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