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ABSTRACT
Background: In healthy teenagers, obesity and physical inactivity are the two main factors that affect respiratory function.
The aim of this study was to evaluate the effect of aerobic exercise training on improving lung function in overweight and
obese students.
Materials and Methods: Thirty overweight or obese subjects with poor endurance performance and mild deterioration of
respiratory indices (forced expiratory volume and forced expiratory volume in 1 second < 90% predicted) were randomly
assigned into control (age: 16.6±0.83 years, height: 167±5.05 cm, weight: 80.44±7.65 kg) and intervention groups (age:
16.5±0.83 years, height: 166±6.7 cm, weight: 79.62±9.33 kg) .The intervention group preformed 24 weeks of continuous
treadmill running (3 days a week). Respiratory indices were measured pre, mid and post exercise. Independent t test, paired
t test, Pearson's correlation test and repeated measure were used for analyzing the data.
Results: In the intervention group, post exercise respiratory indices were significantly higher than the pre exercise values,
and did not reach the predicted values. No significant differences were found in pre, mid and post exercise respiratory indices
in the control group. In the intervention group, improvements in respiratory indices were positively correlated with maximum
voluntary ventilation (MVV) improvement but not with BMI reduction. No significant differences were detected between the 2
groups in terms of pre, mid and post exercise measures of BMI, weight, height, and respiratory indices.
Conclusion: In overweight and obese teenagers, appropriate aerobic exercise training can partly improve lung function by
strengthening the muscles of respiration. However, in order to achieve the predicted values of lung function, a further
increase in activity duration and decrease in BMI is necessary. (Tanaffos2011; 10(3): 24-31)
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INTRODUCTION

Obesity is a major health issue around the
world (1). In healthy teenagers obesity and physical
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inactivity are the two main factors that affect
respiratory function (2-5). Previous studies show that
obesity has a direct effect on the function of
respiratory system by altering lung volume, airway
caliber and respiratory muscle strength (6). Followup studies described an association between the level
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of physical activity and respiratory function (7).
Forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV1) are strong indicators of
lung function, which decline due to obesity and
sedentary life style (6, 8). Research indicates that
men who remained in the active life style during the
follow-up (19 months) showed 50 ml improvement
in their FEV1 and 70 ml in their FVC, whereas
subjects who remained in sedentary life style had 30
and 20 ml reduction in their FEV1 and FVC,
respectively (9).
These observations suggest that young overweight
and obese subjects with sedentary life style are at a
higher risk for deterioration of their respiratory
indices and may be at risk for developing chronic
obstructive pulmonary disease in adulthood. Hence,
appropriate interventions, such as prescribed physical
activity programs, may prevent lung function
deterioration in these young subjects.
Previous studies provide conclusive evidence that
supervised physical activity like yoga and Tai Chi
Chuan exercise can improve lung function in men
and asthmatic children (10, 11). Radovanovic et al.
reported FVC and FEV1 enhancement after
programmed physical activity in preadolescents (12).
Courteix et al. found that intensive swimming prepuberty enhances static and dynamic lung volumes
(13). Khalili et al. showed that an 8-week program of
aerobic exercise can improve lung function in
children with intellectual disability (14).
On the other hand, among obese males and
females, a reduction in fat mass has been found to be
associated with an increased lung volume (15). It is
unclear, whether aerobic exercise can improve lung
function in obese and overweight subjects with
normal respirometry measures, but FVC and FEV1
significantly lower than the predicted values.
This study aimed to determine the effect of
continuous treadmill running on lung function (FVC
and FEV1) in overweight and obese students whose

FVC and FEV1 were significantly lower than the
predicted values.
MATERIALS AND METHODS

Subjects
A total of 560 male high school students from
Zanjan (Iran) were initially assessed by participating
in 1 km run/walk test. According to the results of the
test 128 participants had poor endurance performance
(run time >7minutes) out of which, 47 were
overweight (BMI>25) or obese (BMI>30). A
subgroup of 30 out of these 47 overweight or obese
students was selected as under study subjects and
written informed consent was obtained from them.
Inclusion criteria were FEV1 and FVC significantly
(p<0.05) lower than the predicted values, FEV1 >90%
predicted and FVC>80% predicted, physical
inactivity at least for two years before this study, no
lung infection or smoking history. The exclusion
criterion was presence of airway hyperresponsiveness.
These 30 students were divided into 2 equal
groups and were matched for age, height, BMI, FVC,
FEV1 and maximum voluntary ventilation (MVV).
Then these groups were randomly assigned into
control (3 obese subjects with BMI>30, 12
overweight subjects with BMI>25, age: 16.6±0.81
years, BMI: 28.77±1.7, weight: 80.4±7.6 kg and
height: 167±5.0 cm) and intervention (4 obese
subjects with BMI>30, 11 overweight subjects with
BMI>25, age: 16.5±0.83 years, BMI: 28.83±1.7,
weight: 79.3±9.1 kg, and height 166±6.7 cm) groups.
Intervention group performed the modified exercise
test to exclude airway hyper-responsiveness and then
participated in an exercise training program. The
control group subjects only took part in
measurements and were asked not to change their
habitual physical activity during the study course.
Control and intervention groups did not receive any
nutritional recommendations. In both groups, mean
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FEV1values and mean FEV1 to FVC ratios were
more than 90% of the predicted values.
1Km Run/Walk Test
After 5 minutes of stretching exercise, the
subjects were required to perform 1 km Run/Walk
test in the fastest time possible, on a 400-meter track.
Total time taken to complete the distance was
recorded in minutes and seconds (16). Walking was
permitted but not encouraged in this study.
Participants with run time more than 7 minutes were
considered to have poor endurance (16).
Modified exercise test
In this study, using a motorized treadmill
(COSMED, Italy) a modified exercise test was
carried out by the intervention group to exclude
airway hyper-responsiveness (17). Heart rate was
monitored with a Polar heart rate device. The
subjects ran continuously for 15 minutes on the
treadmill (%0 incline) and at a minimum speed
required to achieve / maintain 75-85% of predicted
maximum heart rate (max HR=220-age [year]). Post
exercise FEV1 was measured 1, 7, and 15 minutes
after the exercise and the percentage of changes from
baseline was calculated. Measurements were
considered abnormal, if FEV1 decreased 10% or
more from the baseline value (17). No significant
change was observed in subjects of the intervention
group.
Exercise training protocol
The intervention group participated in the exercise
training program which was composed of 24 weeks
(3 days a week) of continuous treadmill running
(grade=0%), at a minimum speed required to achieve
/ maintain 75-85% of predicted maximum heart rate.
The running time was 15 minutes at the first session,
increasing by one minute every 2 sessions up to a
maximum of 30 minutes. Once the running time
reached 30 minutes, it was maintained till the final
session. The speed of running was adjusted according
to target heart rate zone (75-85% HR max). A warm

up period of 10 minutes was allocated prior to the
start of each exercise session.
Anthropometric and spirometric measurements
In this study, weight was measured using a digital
scale (kg), height was measured by stadiometer (cm)
and adiposity was assessed by calculating body mass
index (BMI=weight/height2 [kg/m2]).
Respiratory function parameters were measured
by experienced technicians using the SpirolabIII
Spirometer (MIR, Roma, Italy) in accordance with
the recommendations of the SpirolabIII user manual
(18). Subjects rested for 15 minutes before
measurements and were informed about the
procedure. After appropriate placement of
mouthpiece and nose clip, each subject was asked to
do a forced quick expiration after maximum
inhalation. After doing at least three acceptable and
repeatable FVC maneuvers, the largest FVC, MVV
and FEV1 were recorded after examining the data
from all of these attempts (19). FVC, FEV1, MVV,
height, weight and BMI were measured pre, mid (12th
week) and post (24th week) exercise in both groups.
Measurement of FEV1 reflects conductive / resistive
properties of the large airways (20), FVC is related to
the contractility of the expiratory muscles and MVV
is correlated with the respiratory muscle performance
(20). All the volumes were reported in BTPS (Body
Temperature and Pressure Saturated (21). ECCS set
of equations were used by Spirolab III to calculate
the predicted / reference values according to the ERS
guidelines (21).
Statistical analysis
In this study, the values are reported as mean ±
standard deviations. Statistical analysis was
conducted using SPSS software version 15.
Independent t test, paired t test, Repeated Measure
and post hoc tests of Least Significant Difference
(LSD) were also used. In both groups association of
BMI and MVV changes with FVC and FEV1 changes
were assessed by Pearson's Correlation test.
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Normality of distributions of all variables was
verified by Kolmogorov-Smirnov test, and
differences were considered significant at p<0.05.
RESULTS

Table 1 shows the anthropometric characteristics
and baseline respirometry data of the control and
intervention groups at the beginning of the study.
Data showed that the 2 groups had no significant
difference in any measurement.
Table 1. Anthropometric characteristics and baseline spirometric data
(m ± SD) of students in the control and intervention groups
Variable

Control

Intervention

P

1.67±5.05

1.66±6.7

0.59

Weight(kg)

80.44±7.6

79.62±9.3

0.63

Age(yr)

16.6±0.81

16.53±0.83

0.59

FVC baseline(liter)

3.69±0.47

3.67±0.43

0.83

FVC predicted (liter)

4.39±0.66

4.13±0.53

0.21

FEV1baseline (liter)

3.27±0.28

3.19±0.36

0.52

Height(m)

FEV1 predicted(liter)

3.71±0.56

3.56±0.44

0.12

FEV1%predicted

0.88±0.03

0.89±0.01

0.31

But all participants achieved predicted FEV1%
and FEV1 to FVC ratio of less than 90% predicted. In
the intervention group, repeated measure analyses
showed significant differences between pre, mid
(12th week) and post exercise (24th week) values of
FVC , FEV1, MVV, and weight, and BMI (Table 3).
Post hoc analyses revealed that post exercise FVC,
FEV1 and MVV were significantly higher than the
pre exercise values (FVC: P=0.00, FEV1: P=0.01,
MVV: P= 0.00), while post exercise BMI and weight
were significantly lower than the pre exercise values
(BMI: P=0.00, weight: p=0.003) (Table3).
No significant differences were found between
pre, mid (12th week) and post exercise (24th week)
FVC, FEV1 and MVV in the control group (Table3).
Post exercise BMI and weight were significantly
higher than pre exercise values in the control group
(BMI: p=0.01, and weight: p=0.00) (Table3).
Table 3. Pre, mid and post exercise respiratory function and
anthropometric characteristics of the control and intervention groups

FEV1/FVC

0.86±0.02

0.87±0.02

0.83

Variable

MVV

127.6±12.1

129.2±21.7

0.41

FVC(liter)

Pre exercise

Mid exercise

Post exercise

Predicted

BMI

28.77±1.8

28.833±1.7

0.95

Control

3.69±0.47a

3.70±0.45 a

3.71±0.45 a

4.39±0.66

FVC: forced expiratory volume, FEV1: forced expiratory volume in one second.

Intervention

3.67±0.43

3.68±0.43

3.73±0.43

4.13±0.53

MVV: maximum voluntary ventilation.

FEV1(liter)

Independent t test showed that the pre exercise
FVC, and FEV1 were significantly (p<0.05) lower
than the predicted values in both groups (control:
p=0.00 for FVC and P=0.03 for FEV1, intervention:
p=0.00 for FVC and p=0.00 for FEV1) (Table 2).
Table 2. Comparison of the lung function with predicted value in the
control and intervention groups

a

a

a bc

Control

3.27±0.28 a

3.27±0.28 a

3.27±0.28 a

3.71±0.56

Intervention

3.19±0.36 a

3.19±0.36 a

3.20±0.36 a b

3.56±0.44

Control

129.2±21.7

133.8±20.9 a

136.9±20.7 a

Intervention

127.6±12.1

127.4±12.3

128.2±12.04

MVV(l/min)

Height(m)
Control

1.67±5.05

1.67±5.11

1.68±5.11

Intervention

1.66±6.7

1.66±6.7

1.66±6.7

80.44±7.6

80.65±7.6

80.96±7.7 b

79.62±9.33

79.55±9.20

79.30±9.1bc

Control

28.49±2.09

28.69±2.23

28.77±1.78b

Intervention

28.83±1.7

28.61±1. 7 b

Weight(kg)
Control
Intervention
BMI(kg/m )
2

Variable

Control (n=15)

Intervention (n=15)

Baseline

Predicted

Baseline

Predicted

FVC(liter)

3.67±0.43*

4.13±0.51

3.69±0.47*

4.39±0.66

a

FEV1(liter)

3.27±0.28*

3.71±0.56

3.19±0.36*

3.56±0.44

exercise value.c significantly different from the mid exercise value. FVC: forced

28.44±1.7 b c

significantly different from the predicted value. significantly different from the pre
b

* Significantly different from the predicted value. FVC: forced expiratory

expiratory volume, FEV1: forced expiratory volume in one second. MVV: maximum

volume, FEV1: forced expiratory volume in one second. p<0.05

voluntary ventilation. p<0.05
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In the intervention group, FVC (FVCpost- FVCpre)
and FEV1 (FEV1post-FEV1pre) improvements were
positively and significantly associated with MVV
improvement (MVVpost-MVVpre) but not with BMI
change (Table 4).
Table 4. Associations of BMI and MVV changes with FVC and FEV1
improvements in the control (n=15) and intervention (n=15) groups.

with participants’ pre-exercise values by continuing
exercise training for up to 24 weeks (p=0.00, P=0.01,
and P=0.00 respectively). By contrast, there were
insignificant improvements in FVC, FEV1 and MVV
of the control group at the 24th week.
Obesity is expected to alter respiratory function,
because it alters the relationship between the lungs,
chest wall, and diaphragm, decreases lung volumes

Intervention

BMI decrease

and increases airway resistance (5, 22).

FVC improvement

FEV1 improvement

0.056±0.02

0.01±0.02

Inselma et al. claimed that obese children have

r

P

r

p

altered pulmonary function, which is characterized

-0.35

0.2

0.06

0.8

by reductions in lung diffusion capacity, ventilatory

0.74

0.00**

0.57

0.02*

0.40±0.37
MVV increase

muscle endurance and airway narrowing (6).
Some studies have reported a positive association

7.66±3.7

between physical activity, physical fitness and lung

Control

BMI increase

FVC improvement

FEV1improvement

capacity (16, 20). Cross-sectional studies have

0.01±0.03

0.004±0.01

reported that regular physical activity and good

r

P

r

P

-0.25

0.36

0.13

0.63

physical

have

been

related

to

better

pulmonary function (22, 23).

0.15±0.20
MVV increase

fitness

-0.10

0.7

0.24

0.34

Jakes et al. reported that those who participated in

1±2.03
FVCimprovement=FVCpost-FVCpre: FEV1 improvement=FEV1post-FEV1pre: BMI decrease=BMIpre-

vigorous physical activity showed a slower rate of

BMIpost: BMIincrease=BMIpost-BMIpre:MVVincrease=MVVpost-MVVpre: ** significant at

decline in FEV1 during 3.7years of follow-up (8).

p<0.01: * significant at p<0.05.

Holmen et al. found smaller lung capacity (FVC and
FEV1) independent of age and height in never

As shown in Table 3, there were no significant

smokers with lower levels of physical exercise (24).

differences between groups in the pre, mid and post

In

exercise FVC, FEV1, BMI, height and weight .In

competitive swimmers were found to have an

both groups, the post exercise FVC and FEV1 were

increase in their vital capacity and total lung capacity

significantly lower than the predicted values (control:

during one-year of training (13), suggesting that

p=0.00 for FVC and p=0.00 for FEV1, intervention:

larger lung volumes in swimmers may be due to the

p=0.00 for FVC and p=0.00 for FEV1).

impact of training on lung growth. The mechanisms

a

prospective

study,

very

young

female

by which physical inactivity might influence FVC
DISCUSSION

and FEV1 are unclear. The relationship of muscular

In this study, we investigated the effect of 24

force with FVC and FEV1 is established (25). Simões

weeks of continuous treadmill running (3 days a

et al. showed that respiratory muscle strength was

week) on FVC and FEV1 values of the inactive,

significantly low in individuals with sedentary

overweight or obsess students.

lifestyle (26). Furthermore, it is possible that

In the intervention group, we found significant

association between physical inactivity and lung

improvements in FVC , FEV1 and MVV compared

function is mediated through the effect of sedentary
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lifestyle on obesity (8). Obesity decreases the

Concerning the significant increase in post

mobility of the thorax (25). It seems likely that

exercise FVC and FEV1 in the intervention group

reduced FVC and FEV1 in the present study are

(and not in the control group), similar observations

results of

respiratory muscle weakness due to

were reported by Courteix et al., in girls. They found

sedentary lifestyle and increased BMI in our subjects.

that FVC and FEV1 values significantly improved

In the present study, it seems that FVC and FEV1

after 1 year of swimming training (13). Ghosh et al.

of the intervention group were positively affected by

observed higher values of FVC and FEV1 in

physical activity, BMI reduction and the lung growth

physically trained cases compared to sedentary

during the study course. However, participants in the

control individuals which confirms our findings (28).

control group had experienced negative effects of

The findings of this study are also in consistent with

physical inactivity and high BMI, and positive effect

the results of a study by Farrell et al. (19), who found

of lung growth which may account for insignificant

that FVC and FEV1 increased after 8 weeks of

improvements

aerobic training in adults and attributed this finding

in

post

exercise

FVC

and

FEV1(p=0.17 and p=0.25, respectively).

to the improved contractility of the expiratory

Height has been established as the best predictor

muscles as a result of endurance training. The exact

of lung function (20, 21). Cross-sectional and

mechanism of the FVC improvement in this study is

longitudinal

height

unknown, but respiratory muscles function, fat mass

increment stops between the age 16 and 17(27).

reduction and weight loss possibly play roles in this

Xuan et al. found that pulmonary function (FVC and

improvement. Repeated exercise may result in

FEV1) continued to grow after the cessation of height

respiratory muscle hypertrophy, and it is obvious that

growth (27). For example, the change in expected

respiratory indices are related partly to respiratory

FEV1 after age 17 is reported to be about 200 ml/yr

muscles power (19). We found significant weight

(27).

loss (p=0.003) and BMI reduction (p= 0.001) after 24

studies

have

shown

that

Our subjects were in the age range of 16 to 18 in

weeks of the continuous treadmill running in the

the control and intervention groups. We found an

intervention

insignificant increase in the post exercise height

significant

(p=0.16) and respiratory function (FVC: p=0.17, and

improvements and BMI reduction, while FVC and

FEV1: p=0.25, respectively) of the control group.

FEV1 improvements were positivity and significantly

Therefore, we postulated that this insignificant

correlated with MVV improvement (Table 4). MVV

increase in FVC and FEV1 had been resulted from

is the measure of respiratory muscle performance

normal growth processes or from repeated respiratory

(19). Positive relation of MVV improvement with

testing effects in the control group. By contrast, in

FVC and FEV1 improvements showed that the

the intervention group, the changes in the post

respiratory muscle performance enhancement due to

exercise height was insignificant (p=0.08), while

aerobic exercise can improve FVC and FEV1 in the

these changes were significant in respiratory function

intervention group.

(FVC: p=0.00 and FEV1: p=0.01), in comparison
with

pre

exercise

values

(Table

3).

group

(Table3).

relation

between

There
FVC

were
and

no

FEV1

After 24 weeks of continuous treadmill

This

running post exercise FVC and FEV1 were

enhancement, most probably, was the result of

significantly higher than the baseline in the

exercise training in the intervention group.

intervention group, but did not reach the predicted
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values (post exercise FVC and FEV1 were

factors that yield sufficient improvements in FVC

significantly lower than the predicted values, FVC:

and FEV1 in overweight and sedentary patients.

p=0.00, FEV1: P=0.00; Table 2) and there were no

Small sample size and being unable to use Body Box

significant differences between the intervention and

for respiratory measurements were the limitations of

the control groups in terms of post exercise FVC and

this study. Our study results need to be confirmed in

FEV1 (FVC: P=0.87, FEV1: P=0.53; Table 3).

a larger group in future studies using a Body Box.

Pervious studies have reported larger respiratory
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control group (13). This discrepancy can be
attributed to the lack of larger change in the post
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