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Background: Aerobic exercise is an important component of pulmonary functions for obese adolescents. There are few studies on aerobic 
exercise and pulmonary function in obese adolescence.
Objectives: The purpose of this study was to investigate the effect of selected aerobic exercise training on some pulmonary function of 
Iranian obese girls.
Patients and Methods: Forty-five, apparently obese adolescence, aged 14 - 15 years were randomly divided into three groups (15 subjects in 
each group) including rope skipping; jogging and control groups. Experimental groups participated in a twelve- week program (3 sessions 
a week, each session for 45 minutes) while control group had no plan of exercise. A spirometry test was taken 24 hours before and after the 
training protocol. Statistical analysis using the one-way analysis of variance was used (P < 0.05).
Results: The results suggested that all anthropometric characteristics of both experimental groups including weight, body mass index 
(BMI), percent body fat (PBF), waist-hip ratio (WHR) were significantly improved after exercise protocol, furthermore, ventilation capacity 
(VC), forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) were significantly improved in experimental groups 
compared to control group (P < 0.001), while no significant difference was found between two experimental groups in ventilation 
functions (P > 0.001).
Conclusions: We conclude that appropriate aerobic exercise can improve lung function in obese adolescence.
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1. Background
Obesity is one of the most frequently found health 

risks and the prevalence of obesity is rapidly escalating 
globally in all age groups (1). In healthy teenagers, obe-
sity and physical inactivity are the two main factors that 
affect respiratory function (2, 3). The major respiratory 
complications of obesity include a heightened demand 
for ventilation, intensified breathing, respiratory muscle 
inefficiency and diminished respiratory compliance. The 
most characteristic changes in pulmonary function in 
obese persons are decreased functional residual capacity 
and expiratory reserve volume (4).

Studies have revealed a significant reduction in VC, 
FVC, FEV1 in the obese persons (5). Moreover, reductions 
in pulmonary function in relation to the waist-to-hip ra-
tio has been observed in the obese adult (6). Abdominal 
obesity is often correlated with reduced FVC and FEV1 (7). 
It has been demonstrated that Regular physical activity 
of adequate intensity and duration can result in a num-
ber of potential beneficial effects on general health (8). 
However, obese adolescence tend to show less tolerance 
to daily activities and exercise due to sedentary lifestyle 
and therefore be inclined to have lower aerobic fitness 

and consequently lower pulmonary functions than their 
normal peers (9, 10). If these exercises are done at schools, 
the synergy caused by peers can result in better tolerance 
of exercise intensity.

It is generally accepted that forced expiratory volume 
in one second (FEV1) and Forced vital capacity (FVC) are 
strong indicators of lung function, which decline due to 
obesity and sedentary life style (11). These observations 
suggest that overweight and obese adolescents are at a 
higher risk for deterioration of their respiratory indices 
and may be at risk for developing chronic obstructive 
pulmonary disease in adulthood (2, 4). Hence, appropri-
ate interventions, such as prescribed physical activity 
programs, may prevent lung function deterioration in 
these young subjects. Numerous exercise approaches 
have been designed with the intention of controlling 
weight in adolescence (3, 9). Evidence suggests that jog-
ging can effectively improve the pulmonary functions in 
obese adolescents (12). On the other hand, rope skipping 
is of much interest among Iranian girls and frequently 
is performed at physical education classes at Iranian 
schools.
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2. Objectives
The present study intends to investigate the effects 

of rope skipping and jogging exercises on pulmonary 
functions of Iranian obese girls, because it has been hy-
pothesized that these two popular training protocols as 
a weight-loss program would significantly decrease gen-
eral and abdominal obesity and consequently improve 
pulmonary functions in the obese girls.

3. Patients and Methods
This was a simple randomized clinical trial conducted 

on 45 obese adolescents, aged from 14 - 15 years, attending 
the first to the second year of high school of Pegah high 
school, Qazvin, Iran, during the 2013 school year (Figure 
1). This study was approved by ethics committee of the in-
stitute and by the principal of the school. The written in-
formed consent was obtained from all subjects who had 
been briefed about the research procedures.

Accesses for eligibility

Enrollment

Randomization

Control group ;
no intervention (n=15)

Rope Skipping
n=15

Analysed
(n=15)

Analysed
(n=15)

Analysed
(n=15)

Jogging
n=15

Experimental group

Figure 1. Recruitment and Allocation of the Study Participants

3.1. Exclusion Criteria
Exclusive criteria for the study included cardiovascular 

disease; permanent or temporary physical disabilities that 
prevented ventilation and anthropometric measurements 
and the performance of physical exercise; orthopedic limi-
tations; absence at over 25% of physical education classes 
during the study. All participants had no more than one 
hour regular physical activity program during the week.

3.2. Sampling Procedures
The population of students enrolled in high school in 

2013 consisted of 164 students distributed in 4 classes 
(first, second years). Their PBF was measured as an obe-

sity index by body composition analyzer (ZENUS 9.9 PLUS 
Model). The PBF higher than 30% was considered as obe-
sity. After measurements, PBF of 53 students were above 
30%. The stratification process was done by simple ran-
domization in classes, divided into three groups of rope 
skipping; jogging and control groups. The final study 
population consisted of 45 students, 15 in each of the 
rope skipping, jogging and control groups.

3.3. Intervention
Experimental groups participated in a twelve-week 

program (3 sessions a week, each session for 45 minutes) 
while control group had no plan of exercise. The training 
protocol for rope skipping group was 15 minutes warm-
up, 25 minutes rope skipping and 5 minutes cool-down. 
The second experimental group involved 25 minutes 
sessions of jogging with 15 minutes of warm-up exercise 
before jogging and 5 minutes of cool-down exercise after 
the practice. Training intensity was controlled by Polar 
Electro, Kempele, Finland. A spirometry test was taken 
24 hours before and after the training protocol. Subjects 
were asked to refrain from tea, coffee, chocolates and caf-
feinated soft-drinks on the day of recording Spirometry 
and for the duration of exercise.

3.4. Measurements
Ventilatory function test: spirometer (Cosmed Pony FX 

Spirometer) was used to measure lung function testing, 
including ventilation capacity (VC), forced vital capacity 
(FVC), and forced expiratory volume in the first second 
(FEV1). These respiratory function tests were performed 
by the same therapist. BMI, PBF, and WHR of the partici-
pants were measured by body composition analyzer (ZE-
NUS 9.9 PLUS Model). Statistical analysis using the one-
way analysis of variance was used and P value < 0.05 was 
considered as significant.

4. Results
At baseline, there were no significant differences be-

tween all variables in three groups (P > 0.05). As shown 
in Table 1, significant mean differences were found be-
tween experimental and control groups in all anthropo-
metric characteristics. Tukey’s post-hoc test showed that 
all anthropometric characteristics of both experimental 
groups (weight, BMI, PBF, WHR (Figure 2) were signifi-
cantly improved after exercise protocol (P = 0.001), while 
no significant difference was found between the two ex-
perimental groups in weight (P = 0.21), BMI (P = 0.27), PBF 
(P = 0.42), and WHR (P = 0.77).

As shown in Table 2, significant differences were found 
between experimental and control groups in respiratory 
function. Tukey’s post-hoc test showed that VC, FVC, FEV1 
were significantly improved in experimental groups com-
pared to control group (P = 0.001; Figure 3) while no sig-
nificant difference was found between two experimental 
groups in VC (P = 0.06), FVC (P = 0.09), and FEV1 (P = 0.77).
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Figure 2. The Effect of Selected Aerobic Exercises on WHR
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Figure 3. Mean Differences of Ventilation Capacities in Pre-Test and Post-Test
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Table 1.  Anthropometric Characteristics of Subjects in the Experimental and Control Groups (ANOVA Test) a

Group Variables Experimental Control F P b

Jogging Rope Skipping

Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test

Age, y 14.4 ± 0.5 - 14.4 ± 0.5 - 14.6 ± 0.5 - - -

Weight, kg 74.0 ± 2.4 70.8 ± 2.5 73.0 ± 3.0 70.4 ± 2.9 72.0 ± 2.8 71.9 ± 2.3 47.025 0.001

BMI, Kg/m2 28.4 ± 0.99 27.1 ± 1.05 28.5 ± 1.2 27.5 ± 1.2 28.1 ± 1.4 28.1 ± 1.2 46.978 0.001

Percent Body Fat, % 33.4 ± 1.4 30.8 ± 1.7 32.5 ± 1.8 30.2 ± 1.6 32.5 ± 2.2 32.4 ± 1.8 38.111 0.001

WHR, cm 0.91 ± 0.09 0.87 ± 0.01 0.90 ± 0.01 0.87 ± 0.01 0.91 ± 0.08 0.91 ± 0.08 27.409 0.001
a  Data are expressed as mean ± SD.
b  Significant mean difference between experimental and control groups.

Table 2.  Pre and Post Exercise Respiratory Function of the Experimental and Control Groups a,b

Group Variables Experimental Control F P c

Jogging Rope skipping

Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test

VC, L 3.20 ± 0.21 4.42 ± 0.67 3.28 ± 0.36 4.08 ± 0.36 3.21 ± 0.5 3.27 ± 0.28 22.232 0.001

FVC, L 3.27 ± 0.18 4.41 ± 0.44 3.38 ± 0.22 4.20 ± 0.36 3.05 ± 0.46 3.12 ± 0.37 26.18 0.001

FEV1, L 3.19 ± 0.18 3.72 ± 0.35 3.24 ± 0.39 3.71 ± 0.34 3.27 ± 0.28 3.24 ± 0.24 2.285 0.001
a  Data are expressed as mean ± SD.
b  Abbreviations: VC, Ventilation Capacity; FVC, forced expiratory volume; FEV1, forced expiratory volume in one second.
c  Significant difference between experimental and control groups.

5. Discussion
Obesity is considered a chronic disease and directly or 

indirectly related to some other pathological situations 
which contribute to respiratory diseases (13). Thus, the 
purpose of this study was to investigate the effects of 
selected aerobic exercises with the intention of body fat 
weight loss on pulmonary functions of obese girls. The 
results demonstrated that ventilation variables (VC, FVC, 
and FEV1) were significantly improved after exercise pro-
tocol compared to control group. As cited, obesity is ex-

pected to alter respiratory function, because of visceral 
fat which surrounds the lung and narrows the airway 
(14). This stresses the idea that any intervention which 
lead to adipose tissue reduction, can probably improve 
the pulmonary functions.

As shown, all anthropometric indices related to obesity 
(BMI, PBF, and WHR) were decreased after exercise inter-
ventions which can justify why the ventilation functions 
of subjects have been improved. As suggested, WHR as an 
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indicator of visceral fat was significantly decreased after 
exercise, thus one explanation for the improved ventila-
tion functions can be attributed to reduced WHR.

The findings of this study are consistent with the results 
of a study by Farrell et al (15), who found that FVC and FEV1 
were improved after 8 weeks of aerobic training. Most of 
the respiratory function abnormalities seen in obesity 
are due to the mechanical load of adipose tissue on the 
chest wall and also muscular imbalances-associated with 
inactivity imposing restriction on the thorax (16), So any 
weight-loss training (fat loss) may compensate for this sit-
uation; furthermore, the improvement of the respiratory 
muscles is another beneficial effect of regular exercise 
training (17). Exercise improves lung function by enhanc-
ing the exchange of gasses in the alveoli and elevating the 
absorption of oxygen from the bloodstream (9, 12, 15). In 
obese individuals, the hyper-responsiveness to exercise 
may be explained by three hypotheses. The first one is 
supported by the differences in anatomy of the lungs and 
airways in obese people due to the deposition of adipose 
tissue in the thoracic and abdominal regions (18). Which 
probably lead to reduction of the pulmonary function.

In the second hypothesis, the increase of adipose tissue 
in the abdominal and thoracic region causes reduction 
in the functional residual capacity (18), which directly 
acts on the respiratory muscles (19). The third postulate 
is that obesity is related to a chronic inflammatory pro-
cess, since adipose tissue contributes to the production 
of TNF-α Interlokin 1, 6 and C-reactive protein which all 
negatively affect the pulmonary system (19). According to 
previous studies, aerobic exercise plays a key role in re-
ducing the inflammatory responses produced by adipose 
tissue (20-22). The study of Littleton SW showed no corre-
lation between BMI and pulmonary function test param-
eters (7). Which is not in agreement with our study. It is 
known that BMI reflects not only adipose tissue, but also 
muscles and bones. Therefore, the association between 
BMI and pulmonary function may be due, in part, to the 
strength of respiratory muscles.

It has been shown that the fat distribution pattern is 
more representative when compared only to the BMI (6). 
Abdominal obesity is often correlated with reduced FVC 
and FEV (7, 23). In the present study, obese adolescents 
had increased concentrations of abdominal fat, a fact 
observed during the measurement of waist circumfer-
ence which was decreased significantly after exercise in-
tervention. This is in agreement with the results of study 
conducted by Babb et al. (24). Who reported that modest 
weight loss improves breathing mechanics during sub-
maximal exercise the improvement appears to be related 
to the cumulative loss of chest wall fat. But Faria et al. (25) 
explained that in spite of differences in lung growth, the 
model of fat distribution alters pulmonary function dif-
ferently in obese female and male adolescents. Obese 
adolescents presented changes in pulmonary function at 
rest and these changes remained during exercise

It seems that the puberty factors should be considered 

for evaluating the impact of physical training in pulmo-
nary functions of obese girls. On the other hand, the ef-
fects of physical activity intervention on body composi-
tion should be interpreted with caution. In this context, 
the assessment of the nutritional status using these indi-
ces during puberty has shown morphological differenc-
es, mainly during the sexual maturation stage. Changes 
in body mass may be typical of a certain stage of matura-
tion and not the result of physical activity levels (26, 27). 
Therefore, further studies are needed to assess the ben-
eficial effects of various forms of physical activity and re-
sponse with long term follow up. Thus, according to the 
results of this study, twelve weeks of rope skipping and 
jogging training can significantly improve pulmonary 
functions in young obese female students. In conclusion, 
this study shows that a course of aerobic exercise causes 
an obvious increase in VC, FEV1, and FVC in obese girls.
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