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Background: The different effects of exercise on obesity in obese adolescents have not sufficiently been studied.
Objectives: This study aimed to investigate the effect of an eight-week rope skipping exercise on interleukin-10 (IL-10) and C-reactive 
protein (CRP) in obese and overweight adolescents.
Patients and Methods: In this semi-experimental study, using purposive convenience sampling 30 overweight and obese teens were 
randomly divided into two groups: the experimental (height 165.28 cm; weight 85.53 kg and age 13.73 years old) and control (height 
164.54 cm; weight 83.02 kg and age 13.93 years old) groups. Then the experimental group performed the eight-week rope skipping 
exercise program while the control group did not receive any intervention and was only following up. Before and after the exercise, the 
variables including weight, fat percentage, body mass index  (BMI) and the maximum oxygen consumption (Vo2max) in both groups 
were measured. To assess the amount of serum IL-10, CRP, 48 hours before and after the exercise, fasting blood samples were taken during 
the two-stage mode. The correlated t-test and the independent t-test were used to compare the intragroup and intergroup relationships, 
respectively.
Results: There was no significant change in the serum levels of IL-10 (P > 0.05); however, the intragroup comparison in the experimental 
group showed a significant increase in serum levels of IL.10 (P < 0.05). Moreover, the variables of the weight, BMI, fat percentage, V02max 
and CRP were significantly changed (P < 0.05).
Conclusions: A rope skipping protocol increases the anti-inflammatory index, reduces the risk of cardiovascular disease, and improves 
the body compounds and immune system of the obese and overweight teens.
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1. Background
Obesity is now one of the world’s health problems, 

and its prevalence is spreading. There is an opinion 
that the cause of obesity is really complex and ambigu-
ous and is not well-known (1). Obesity and overweight 
among children and adolescents is notable and there 
is a specific experience of overweight among children 
and adolescents in all countries of the world and may-
be also continued after puberty (2). Obesity is a risk to 
create a certain types of infections, inflammatory dis-
orders and cardiovascular diseases (3). It is known that 
low mobility is largely involved in creating the obesity 
and infection (4). This issue is properly proven that the 
risk factors for cardiovascular diseases in childhood 
and adolescence can predict the risk of the disease in 
adults (5). Therefore, a lower age is a good opportunity 
to create a healthy lifestyle without the emergence of 
infectious agents and diseases in the future (2).

By reducing the inflammation, clotting, obesity mark-
ers and increasing anti-inflammatory marker the physi-

cal activity can reduce the death rate in people exposed 
to the risk (6). As even some of the studies consider non-
physical activity as independent of obesity, and associ-
ated with an increased inflammatory marker (7). Due to 
increased gene expression of cytokines, obesity is closely 
associated with large quantities of inflammation and 
since the regular exercise reduces inflammation (8), as 
well as strengthens and improves the functioning of 
the immune system (9), regular exercise also somewhat 
causes weight loss that in turn it reduces levels of inflam-
matory symptoms (4). Cytokines are proinflammatory 
hormones that are involved in regulating the growth and 
differentiating the function of most of the body cells. 
They also play an important role in strengthening the 
immune response (10). Among the cytokines, interleu-
kin-10 (IL-10) is secreted by monocytes, macrophages and 
lymphocytes, and considered as a beneficial and protec-
tive cytokine in human metabolism (11). Interleukin-10  
protects the excessive proinflammatory response that 
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is more in the obese subjects (12). Because obesity is con-
sidered as a proinflammatory state, serum multiple cy-
tokine levels may vary according to the degree of weight 
loss in obese patients. The IL-10 levels increase due to the 
weight loss in obese patients along with improved meta-
bolic disorders (11). Recent studies have demonstrated 
that the IL-10 level prior to exercise is lower compared to 
the post-exercise level; so, regular exercise with moder-
ate intensity reduces proinflammatory cytokines such 
as IL-6 and increases anti-inflammatory cytokine such as 
IL-10 (12). Several studies have shown the inverse relation-
ship between fitness and the amount of lymphocytes and 
inflammatory markers such as IL-6 and C-reactive protein 
(CRP), whereas IL-10 has been shown to be positively cor-
related with fitness. Encouraging the obese individuals, 
especially children and teens who face with a critical peri-
od of their life, to participate in a regular and a desirable 
sports activity forces the researchers to encourage the 
people in sports as well as guarantee their health (13, 14).

The CRP has been identified as a risk factor for cardio-
vascular disease (14). The risk of heart attack in people 
with the CRP concentration higher than 2.11 mg/L is three 
times higher than those who will not have levels higher 
than 55.0 g/L (15). Research results in this field can be 
inconsistent, as some studies have shown no change in 
the CRP level regarding the effect of aerobic exercise on 
obesity (16) and others have reported a decrease in CRP 
regarding the effect of exercise (17).

Therefore, according to the contradiction in the re-
search results, it seems that there is no general consen-
sus on the role of exercise (and type of exercise) in the 
IL-10 and CRP, yet, and no research has been conducted 
on the effect of the rope skipping exercise protocol over 
IL-10 and CRP in the obese adolescents; so, an incentive 
was created to conduct a research in this area and about 
the effect of eight weeks of rope skipping exercise on the 
IL-10 and CRP in obese adolescents.

2. Objectives
This study aimed to investigate the effect of an eight-

week rope skipping exercise on IL-10 and CRP in obese 
and overweight adolescents.

3. Patients and Methods
In terms of the method, the present study was semi-ex-

perimental; according to the length of time it was a cross-
sectional and field study; and in terms of the use of the 
results, it was an applied study. The participants of this 
study were all male students in middle and high schools 
in Baghmalek City and were selected using the purposive 
convenience sampling. From a total of 2,095 students in 
the study population, 30 students with a body mass index 
(BMI) higher than 25 and 30 participated in the study and 
were divided into two groups of overweight and obese 
teens (experimental and control). After the announce-
ment of the public recall, the measurements of height, 

weight and BMI were done. To choose the healthy obese 
persons having the ability to participate in exercises, the 
physical activity readiness questionnaire (PAR-Q) was 
used. After specifying the status of the obesity among the 
people with the mentioned conditions by a convenience 
random sampling method, 30 people were randomly 
selected and divided into two equal groups: the experi-
mental and control ones. Subjects who had a history of 
the sport and disease as well as subjects who were using a 
method of weight loss were excluded from the study. All 
participants received the required information on the re-
search and after reading, subjects and their parents were 
asked, if they wish to participate in the study, to sign a 
written consent. Physical features of the experimental 
and control groups are shown in Table 1.

All variables, including age (years), and height (cm) 
were measured using a SECA height gauge (Germany) 
with a sensitivity of 1 mm. A digital laboratory scale (made 
in Iran) with a sensitivity of 1 mg was used for weighing 
subjects. Using the Caliper Longo models with a preci-
sion of 1 mm (made in Germany) body fat percentage was 
measured from two points of the body (triceps brachii 
and leg). Then, by putting a total of two points measured 
in mm and putting it in Slaughter et al.’s equation, the fat 
percentage rate was obtained (Equation 1) (6).

Equation 1.
Percentage of body fat = (1 + (Total thickness of three 

skin head brachii and leg) × 0.735)
Subjects performed a ROCKPORT 1-mile walk test as aer-

obic performance. By using a ROCKPORT 1-mile walk test, 
the peak aerobic power (VO2max) of subjects was calcu-
lated by the equation 2 (18):

Equation 2.
Peak aerobic power = (132.853 - 0.7690 × weight) - (0.3877 

× age) + 1 × 6.315 - (3.2649 × time) - (0.1565) × heart rate)
Weight in pounds; time: minutes and hundredths of 

seconds; age: year; sex male: one, peak aerobic power: mL/
kg/min.

The ELISA method and Bionic kit (made in Iran) were 
used to measure the CRP.

Using a human IL-10 kit, ELISA kit, (the BOSTER Co. USA) 
with specification of Cat No: EK0864, the sensitivity of 1 
pg per 1 ml and intra-and inter-assay coefficients of varia-
tion of the level of IL-10 were measured as CV < 12% and CV 
< 10%, respectively.

In the experimental group, the exercise program in-
cludes exercise of skipping with ropes. The eight-week 
rope skipping exercise program is shown in Table 2. 
Warming-up and stretching for five minutes and cooling 

Table 1.  Demographic Profile of the Participants a

Groups Age, y Height, cm

Experimental 13.73 165.28

Control 13.93 164.5

a  N = 15.
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down for five minutes were used. The exercise time was 
30 minutes per session. Time for the sets was increased 
per week, and in the fourth, seventh, eighth weeks, in ad-
dition to increasing the time of sets in any session, the 
number of jumps was also increasing.

In all periods of exercise, the fatigue and the feeling of 
warmth were as two alarms for stopping the practice. If 
there was a feeling of warmth, the cold packs were used 
to reduce the temperature. Progressive training was con-
ducted and all the times and the jumps were recorded. 
Exercise was done for five times a week. The protocol 
used was adapted from a study by Kim et al. (2), which 
assessed the effect of rope exercises on obese and lean 
boy teens; furthermore, the protocol with this intensity 
not only did not lead to any complications for obese and 
thin teens, but also led to improved body composition, 
and some of the inflammatory indexes in obese kids (2). 
For this reason, in the present study the roping exercises, 
with an intensity expressed in Kim et al. (2), was carried 
out in overweight and obese adolescents for eight weeks.

After justifying the subjects, they were asked to follow 
normal sleep patterns and diet during the study before 
running the tests. Blood samples were taken from the an-
terior vein of the left hand of the subjects in a sitting state 
just 48 hours before the start of the first session (pretest) 
and 48 hours after the last exercise session (end of the 
eighth week), after overnight fasting and resting, 8 am 
and every time with a value of 5 cc. Blood sample taken 
was incubated at room temperature and then serum was 
separated from a blood clot by centrifugation (3000 RPM 
for 10 minutes), and was stored in freeze 70°C until the 
time of the measurement. After collecting blood sam-
ples at posttest, all blood samples were removed from a 
freezer in one day and the target testing was conducted 
on the basis of the relevant protocols. On both occasions 
of blood sample collection the subjects were overnight 
fasting at least for 12 hours. Also, the experimental sub-
jects were asked to do not have any physical activity or 
the long walk for 48 hours after the end of the exercise 

period. All operations for collecting blood samples were 
performed by a laboratory technician at the university 
laboratory of immunology. After eight weeks of exercise, 
once again height and weight were measured to deter-
mine BMI and body fat percentage and VO2max. The Kol-
mogorov-Smirnov test was used to test the normality of 
the data. The t-test was used for intragroup comparison 
and t-test was used for intergroup comparison. All statis-
tical calculations were performed using SPSS version 19. 
The results of the statistical analysis were completely re-
viewed in the results section of the study.

4. Results
Physical characteristics of the subjects in the experi-

mental and control groups are shown in Table 3. Table 3 
shows the change of variables between the groups. The 
intergroup (independent t-test) and intragroup (paired 
t-test) comparisons indicated that the rope skipping 
exercises caused a significant difference in amounts of 
weight, body fat percentage, BMI, VO2max, and serum 
CRP (P > 0.05). The comparison between groups (inde-
pendent t-test) showed that serum IL-10 levels did not 
change significantly (P > 0.05), but the comparison with-
in groups (paired t-test) showed that the serum levels of 
IL-10 increased significantly in the experimental group (P 
> 0.05). Figure 1 shows a comparison between the mean 
change in serum CRP (mg/L) in the experimental (pretest: 
3.90 ± 1.4, posttest: 1.97 ± 0.84) and control (pretest: 4.33 
± 2.37, posttest: 4.76 ± 2.137) groups after eight weeks of 
the rope skipping exercises and in a comparison between 
and within groups there was a significant reduction (P = 
0.000). Figure 2 shows a comparison between the mean 
change in serum IL-10 levels (pg/mL) in the experimental 
(pretest: 23.92 ± 11.36, posttest: 33.91 ± 22.91) and control 
(pretest: 21.17 ± 10.11, posttest: 21.84 ± 21.93) groups after 
eight weeks of the rope skipping exercises, and in a com-
parison between groups there was not significant (P = 
0.207), but in a comparison within the groups, the experi-
mental group had a significant increase (P = 0.014).

Table 2.  An Eight-Week Program of Rope Training a,b

Week The Time of Jump in Each Set, min Number of Jumps per Minute

I 1 60

II 1.5 60

III 2 60

IV 2.5 90

V 3 90

VI 3.5 90

VII 4 110

VIII 4.5 120

a  Duration of exercises per session are 30 minutes.
b  Rest time between sets is 30 seconds.
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Table 3.  Changes of the Research Variables From Pretest to Posttest in the Experimental and Control Groups a,b

Statistical Indicators Pretest Posttest T Independent P Value
Weight, kg -6.70 0.00

Control 83.02 ± 15.45 83.23 ± 15.49

Experimental 85.53 ± 15.59 85.53 ± 15.28

Fat Percentage, % - 8.777 0.00

Control 35.06 ± 2.456 35.532 ± 2.405

Experimental 34.74 ± 2.71 32.32 ± 2.61

BMI, kg/m2 - 9.48 0.00

Control 30.404 ± 3.198 30.478 ± 3.203

Experimental 31.046 ± 3.55 29.14 ± 3.41

VO2MAX, mL/kg/min 2.672 0.012

Control 25.56 ± 1.33 24.76 ± 2.824

Experimental 26.92 ± 4.62 30.08 ± 1.37

IL-10, pg/mL 1.292 0.207

Control 21.17 ± 10.11 21.84 ± 21.93

Experimental 23.92 ± 11.36 33.91 ± 22.91

CRP, mg/L - 7.500 0.00

Control 4.33 ± 2. 37 4.76 ± 2.137

Experimental 3.90 ± 1.4 1.97 ± 0.84
a  Abbreviations: BMI, body mass index; IL-10, interleukin-10; CRP, C-reactive protein.
b  Data are presented as mean ± SD.
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Figure 2. A Comparison Between the Average Changes in the Interleu-
kin-10 (pg/dl) Levels in the Experimental and Control Groups After Eight 
Weeks of the Rope Skipping Exercises

5. Discussion
According to the findings of this study, following eight 

weeks of the rope skipping exercises the, body weight, 
body fat percentage, BMI and CRP were significantly 
decreased and VO2max was significantly increased. 
Whereas in the comparison between the groups the IL-
10 showed a nonsignificant increase, in the comparison 
within the groups, the experimental group showed a 
significant increase. It is known that physical inactiv-
ity is largely involved in the development of the obe-
sity and infection (4). The results of the present study 
confirm this and indicate the effect of aerobic exercise 
in reducing body composition. The decrease in body 
composition may be due to the activity of adipose tissue 
lipolysis (19). Prolonged exercise increases the rate of li-
polysis in adipose tissue. This fact has been confirmed 
using micro dialysis of extracellular space of subcuta-
neous adipose tissue. When you exercise, the main ac-
tivator of lipolysis is a sympathoadrenal system. Using 
this method it is showed that a mechanism for blocking 
alpha-adrenergic regulates lipolysis at rest, whereas be-
ta-adrenergic stimulation during exercise is important. 
The beta-adrenergic effect originates from stimulation 
of the sympathetic nerves or epinephrine. Epinephrine 
hormone is considered as a main activator of hormone-
sensitive lipase. However, there are other hormones that 
stimulate lipolysis (19). Finally, by increasing the lipoly-
sis activity of adipose tissue the amount of body com-
pounds, including BMI, body fat percentage and weight, 
decrease (19). Another study demonstrated that eight 
weeks of intensive aerobic exercise (35% - 75% of maxi-
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mal heart rate, three days per week for 40 - 50 minutes) 
reduced weight, body fat percentage, BMI in men with 
type 2 diabetes. It seems that a more duration of exercise 
per session as well as moderate intensity of exercise will 
reduce the body mass, weight, and fat percentage (20). 
Furthermore, Taghian et al. (21) expressed that 12 weeks 
of aerobic exercise in 20 obese female students, showed 
a significant reduction in the weight, fat percentage, 
and BMI that cause of reduction of body compounds in 
the investigations depends on the intensity and the du-
ration of the exercise. In addition, Davoodi et al. (22) in-
dicated that exercises with medium intensity (50% - 70% 
of maximum heart rate, a 41-minute exercise, three days 
a week, for eight weeks) significantly reduce the weight, 
the percentage of fat, and BMI in obese young girls.

Moreover, aerobic exercise increases significantly oxi-
dative enzymes present in the mitochondria and the in-
crease, in turn, creates circumstances in which the active 
tissues use more value of oxygen available and thus in-
crease VO2max (21). Most studies have shown a significant 
increase in VO2max. The results of the studies by Lim et 
al. (23) have shown a significant increase in VO2max that 
are consistent with the result of our study. A slow start 
and gradual progress are one of the principles of aerobic 
exercise, intensity, duration, type and number of training 
sessions per week (24) that are consistent with the results 
of the study, may be a reason for consistency of the find-
ings of the present study with the studies conducted.

Several studies examined the influence of aerobic exer-
cise on the level of serum CRP and mainly the reduction 
of serum concentrations of CRP. In this study a signifi-
cant difference was evident between the experimental 
group before and after eight weeks of the rope skipping 
exercises compared to the control group.

Martins et al. (25) showed that aerobic and resistance 
exercise decreases significantly values of CRP. Tchernof 
et al. (26) said that weight loss alone, without changing 
physical activity, lowers CRP significantly. Furthermore, 
Olson et al. (27) reported the reduced levels of CRP after 
one year of resistance exercise in the obese women. Lakka 
et al. (17) reported the reduced levels of CRP by exercise, as 
well. However, the findings of this research are inconsis-
tent with some studies (16, 28-30). Kelley and Kelley have 
reported that eight weeks of aerobic exercise in obese 
children did not decrease CRP (28). Hammett et al. (16) 
and Nassis et al. (29) in their studies reported no differ-
ence in CRP levels in obese individuals. The length and 
intensity of the training period are an important deter-
mining factor of change in CRP by the exercise that is a 
reason for consistency or inconsistency of the results of 
this study with other studies.

Adipose tissue is an important factor in the amount of 
CRP. C-reactive protein is one of the factors that are cre-
ated by the liver in the acute stages of infection. Mea-
surement and evaluation of this protein are a good fac-
tor in the study of the progress of infectious diseases or 
its intensity (31). Investigations have shown that in both 

genders of obese individuals, CRP level is higher than 
ordinary people. Obesity creates an inflammatory condi-
tion in the body that is associated with increased CRP (6). 
Interleukins secreted from adipose tissue (IL-6 and TNF-α) 
play a role in increasing observed and in the obesity (32). 
The amounts of CRP in the extreme and heavy sports 
considerably increase; although it reduces in the regular 
moderate intensity exercises (31).

The present study showed that after eight weeks of 
the rope skipping exercises there was not a significant 
difference between the serum IL-10 levels in the experi-
mental group compared to the control group; however, 
the serum IL-10 levels in the experimental group were 
associated with a significant increase; furthermore, de-
velopment of inflammation in overweight and obese 
individuals is higher (20). Cytokines are proinflam-
matory hormones that are involved in regulating the 
growth and differentiation of function of many cells 
of the body and play an important role in strengthen-
ing the immune response (10). The expression of cy-
tokines on the sport effect is highly dependent on the 
type, severity, and duration and volume of exercise 
and training period (33). Among the cytokines, IL-10 is 
considered as a useful and protecting cytokine for the 
human metabolism. Because obesity is considered as 
a proinflammatory state the serum multiple cytokine 
levels may vary according to the degree of weight loss 
in obese patients. Interleukin-10 levels increase with 
weight loss in obese patients along with improved met-
abolic disorders (11). Also, IL-10 is positively correlated 
with fitness, so that after an intense and overwhelm-
ing exercise, large increase is produced in the amounts 
of IL-6, which is associated with the increase in IL-10 
(anti-inflammatory cytokines) in the hours after exer-
cise (31). Before exercise the IL-10 levels are lower; so, 
the regular exercise with a moderate intensity reduces 
proinflammatory cytokines such as IL-6 and increases 
anti-inflammatory cytokine such as IL-10 (12). Nunes et 
al. (34) reported that endurance safety impacts cause 
a significant increase in serum IL-10 concentrations in 
blood  that is consistent with the results of the pres-
ent study. Hirose et al. (35) stated that the activities 
that performed resistive eccentric cause a significant 
increase in serum IL-10. In addition, Markovitch et al. 
(14) and Wilund (36) stated that by increasing physical 
fitness, concentrations of IL-10 increase; thus, IL-10 has 
a direct relationship with the fitness that is consistent 
with the results of the present study. In study of Kasa-
pis and Thompson (37) indicated that some of the ben-
eficial effects of physical activity increase the IL-10 by 
stimulating anti-inflammatory actions. Furthermore, 
in a study in order to investigate the six-week endur-
ance exercise effect on the levels of IL-10 in tumor tis-
sue of female mouse with breast cancer, Shiri et al. (38) 
reported that the six-week endurance exercise caused 
a significant increase of IL-10 compared to the control 
group that is consistent with the results of the present 
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study. The reason for increased IL-10 in these studies de-
pends on intensity of physical activity and fitness levels 
of people (39) that is consistent with the results of the 
present study. In a study by Hovanloo et al. (39), no sig-
nificant difference existed in the serum levels of IL-10 by 
the 6-session low-volume Sprint Interval Training (SIT) 
and high-volume continuous endurance training that 
is inconsistent with the results of the present study. 
Uchida et al. (40) reported that there was no change in 
IL-10 in a comparison between the effects of different 
intensities of the bench press that is inconsistent with 
the results of the present study. In their study, in order 
to investigate the water aerobic exercise influence on 
the IL-10 of multiple sclerosis patients. The water aero-
bic exercise influence on the IL-10 of multiple sclero-
sis patients, Bezheh et al. (41) reported that an 8-week 
water aerobic exercise decreases IL-10 in patients with 
multiple sclerosis that is inconsistent with the results 
of the present study. Calle and Fernandez (42) stated 
that the increase in IL-10 after exercise has been in-
duced by increased production of IL-6, and is a reason 
for a failure of the increase in some studies is due to low 
volume of activity; and Neubauer et al. (43) suggested 
that intensity of exercise is the factor of increased IL-10, 
which it is a reason for consistency or inconsistency of 
the results of this study with other studies.

According to the findings of the current study and that 
the rope skipping is a relatively aerobic and a very low-
cost exercise and did not have a need for expensive tools 
and sports locations, and the distance; so, it increases the 
anti-inflammatory markers, and reduces the risk of car-
diovascular disease. The results obtained from the pres-
ent study help the physical education trainers to pay at-
tention to the components of the immune system and its 
relationship with the various sports.
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