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Introduction

ABSTRACT
Objective: Cardiovascular, respiratory and musculoskeletal system disorders
which may affect the functional exercise capacity are common in obese
patients. We aimed to investigate the functional exercise capacity and its
relationship with functional pulmonary capacity in obese children.
Methods: A total of 74 obese and 36 healthy children as a control group were
enrolled in the study. Pulmonary functions and functional exercise capacity
were measured by spirometry and six-minute walk test (6 MWT), respectively.
Results: The distances covered during the 6 MWT in obese and control
groups were 570.9±67.5 and 607.8±72.5 meters, respectively (p=0.010). In
spirometric pulmonary function tests (PFTs), forced expiratory volume in 1 sec
(FEV1) and forced mid-expiratory flows (25-75) were lower in the obese group
(p=0.048 and p=0.047, respectively), whereas forced vital capacity (FVC),
the FEV1/FVC ratio and peak expiratory flow were not statistically different
between the obese and control groups. Multiple regression analysis revealed
that among all parameters of anthropometric measures and PFTs, only body
mass index standard deviation score (BMI-SDS) was the independent factor
influencing 6 MWT.
Conclusion: Functional exercise and lung capacities of obese children were
diminished as compared to those of non-obese children. The most important
factor influencing functional exercise capacity was BMI-SDS.
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Worldwide childhood overweight and obesity are
estimated to be as high as 43 million and this prevalence
continues to increase each year (1). Obesity is associated with
systemic dysfunctions such as morbidity in cardiovascular,
musculoskeletal and respiratory systems even in childhood
(2,3,4). All disorders in these systems may also influence the
functional exercise capacity.
Childhood obesity has been suggested to be associated
with impairment of pulmonary functions and also with asthma.
Previous studies have demonstrated that increased weight
status in children and adolescents is associated with a general
reduction in lung volume measurements, which may reflect
impaired lung function, decreased functional status and
increased respiratory symptoms (4,5).
The six-minute walk test (6 MWT) is a practical useful test
for evaluating the functional exercise capacity. Walking is an
activity performed daily even by severely impaired patients. This
test measures the distance (D) that a patient can quickly walk
on a flat, hard surface within a period of 6 minutes (6 MWD).
The global and integrated responses of all the systems involved
during exercise, including the pulmonary, cardiovascular and
neuromuscular systems may be evaluated with this simple
test. The 6 MWT assesses the submaximal level of functional
capacity. Most patients choose their own intensity of exercise
and are allowed to rest. Also, they do not achieve their maximal
exercise capacity during the 6 MWT. However, the 6 MWD is
useful in that it may better reflect the functional exercise level of
the patient for daily physical activities because most activities of
daily living are performed at submaximal levels of exertion (6).
The 6 MWT will not provide specific information on the
function of each different organ and system involved in the
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exercise or on the mechanism of exercise limitation. There
are a few studies demonstrating the relationship between
spirometric parameters and 6 MWD. We suggested that
impaired pulmonary functions may be associated with reduced
functional exercise capacity. Therefore, we investigated the
pulmonary function tests (PFTs) and functional exercise
capacity in obese children and their interrelationships.

Methods
In this study, we enrolled a total of 74 (31 males, 43 females)
obese children with a mean age of 13.4±2.3 years and 36 (17
males, 19 females) non-obese children with a mean age of
12.7±1.9 years serving as a control group. This study has been
approved by the local ethics committee (the decision date and
number: 08.08.2012-21/17). Standing height was measured
to the nearest 0.1 cm with a Harpenden fixed stadiometer
and body weight was measured on a SECA balance scale to
the nearest 0.1 kg, with subjects dressed in a light T-shirt and
shorts. Obesity was defined according to the body mass index
(BMI) >95th percentile using the definition of the International
Task Force of Obesity in Childhood and population-specific
data (7,8). Obese children did not differ significantly from
normal-weight children in age, gender and pubertal stage. All
subjects underwent a detailed physical examination including
evaluation for syndromes and endocrine diseases as well as a
laboratory evaluation including thyroid function tests and diurnal
variation of cortisol. Children with syndromal (Laurence-MoonBiedl, Prader-Willi syndromes, etc) and endocrine conditions
(Cushing’s syndrome, hypothyroidism, etc) accompanied by
obesity were excluded. Patients who had a history or evidence
of metabolic, cardiovascular, respiratory or hepatic disease were
excluded.
Hematocrit levels of the obese and control groups
were recorded. Plasma insulin was measured by the
electrochemiluminescence immunoassay method using an
automated immunoassay analyzer (E170, Roche, Hitachi,
Osaka, Japan). Glucose measurements were carried out
with photometric hexokinase method by using Advia 1800
chemistry analyser (Siemens Healthcare Diagnostics, IL, USA).
Homeostasis model assessment of insulin resistance (HOMAIR) index (fasting insulin x fasting glucose/22.5) was used to
determine IR (9). Insulin resistance criteria were HOMA-IR>4.0
for adolescents and HOMA-IR>2.5 for prepubertal children (10).
Spirometric PFTs such as forced vital capacity (FVC), forced
expiratory volume in 1 sec (FEV1), FEV1/FVC ratio, forced midexpiratory flows [FEF (25-75)] and peak expiratory flow (PEF)
were performed both in control and obese groups (Spirolab III,
MIR®, Rome, Italy). The 6 MWT was applied in accordance with
the guidelines approved by the American Thoracic Society (6).
The 6 MWT test was performed indoors in a rectangular space
with a hard surface. The walking course was 30 m in length.
The subjects were asked to wear comfortable clothing and
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appropriate shoes and to continue their usual medical regimen.
They were allowed to have a light meal before early morning or
early afternoon tests. Every step of the measurements for the
6 MWT was given below.
a. Repeat testing was performed at about the same time of
the day to minimize intraday variability.
b. A “warm-up” period before the test was not performed.
c. The patient was made to wait for at least 10 minutes
before the test sitting in a chair located close to the starting
point. During this resting time, pulse, blood pressure and
oxygen saturation (SpO2) were measured.
d. The Borg scale was used to assess and rate the baseline
and postwalk dyspnea and overall fatigue score (6).
e. At the end of the test, the 6 MWD observationns were
recorded for walking distance as meters. Pulse, blood pressure
and SpO2 values of the subjects were also recorded.
Statistical Analysis
All statistics were performed using the program SPSS 16.0
for Windows. We used student’s t-test to compare the laboratory
and clinical data of the two groups. Pearson’s correlation test
was used for evaluation of the relationships of BMI standard
deviation score (BMI-SDS), HOMA-IR, hematocrit, height,
arterial tension and PFTs with 6 MWD. These parameters were
also investigated using multiple regression analysis to assess
the predictors of 6 MWD.

Results
The demographic, clinical and laboratory features of obese
and control groups are given in Table 1. The 6 MWD was
shorter in the obese group as compared to the controls
(570.9±67.5 meters versus 607.8±72.5 meters, respectively;
p=0.010). In postwalk assessment, lean subjects had higher
dyspnea scores than the obese group (p<0.001). In spirometric
tests, the FEV1 and FEF (25-75) were lower in the obese group
than controls, whereas there were no differences between the
two groups regarding FVC, FEV1/FVC and PEF.
Bivariate correlation analyses revealed that there was a
negative correlation only between 6 MWD and BMI-SDS
(r=-0.357, p<0.001) and that the 6 MWD did not correlate
with other parameters such as HOMA-IR, hematocrit, height,
arterial blood pressure and PFTs (Table 2).
Multiple regression analyses demonstrated that among all
parameters (BMI-SDS, HOMA-IR, hematocrit, height, arterial
blood pressure, PFTs), only BMI-SDS was the predictor of 6
MWD (β=-0.299, p<0.001).

Discussion
In previous studies, both on adults and children, it has
been reported that the 6 MWT showed good reproducibility
and known group validity and that it could be recommended
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for evaluating walking ability in obese subjects. The same
studies have also demonstrated that obese patients have a
lower exercise capacity than lean subjects (11,12). Morinder
et al (12) have reported that the 6 MWD performed by
obese children averaged 86% of the distance normalweight children walked. In adults, slower fast gait speeds
with correspondingly shorter stride lengths, poorer sit-tostand performance and endurance was also associated with
obesity (13). In our study, we also found that obese children
had lower functional exercise capacity, but the cause of
this dysfunction was not clear. Interestingly, obese subjects
had a lower dyspnea score in postwalk assessment, an
unexpected finding. Morinder et al (12) have also reported
a lower heart rate after the 6 MWT in the obese group and
they have speculated that motivation and attitude towards
physical activity might be the cause of the lower rate in the
obese group. We also interpret this situation as the obese
subjects not exerting themselves during the test as hard
as the lean subjects and we speculated that this condition
could be one of the explanations to the insufficient
performance of obese individuals in 6 MWT.

On the other hand, we supposed that the cause of this
decrease in functional exercise capacity could be due to
impairment in pulmonary functions. Obesity has significant
effects upon the pulmonary mechanics. Reduction in chest
wall compliance, the relationship of the degree of airways
resistance and work of breathing with BMI, early airway
closure and resultant gas trapping causing ventilation-perfusion
mismatching and subsequent hypoxia due to the reductions
in functional residual capacity (FRC) and expiratory reserve
volume (ERV), a restrictive defect due to the mass loading
on the chest wall and finally, expiratory flow limitation due to
early airway closure with the generation of intrinsic positive
end-expiratory pressure have been demonstrated in obese
adults (14). All these mechanisms cause an increased work
of breathing in obese patients. In obese adults, it has been
reported that pulmonary functions, especially the expiratory
reserve volume and FRC may be affected (15). Obesity
has negative impacts on lung function also in children and
adolescents. Davidson et al (5) have reported that obesity in
children and adolescents is associated with a general reduction
in lung volume measurements, which may reflect impaired

Table 1. Demographic, clinical and laboratory features of the two groups
Age (years)

Obese group

Control group

p

13.4±2.3

12.7±1.9

0.110

Gender (Female/Male)

43/31

19/17

0.192

Height (cm)

157.0±9.0

153.5±12.3

0.135

Weight (kg)

74.6±15.4

50.2±11.2

<0.001

BMI SDS

2.1±0.3

0.7±0.7

<0.001

Systolic blood pressure (mmHg)

112.5±15.5

103.3±12.2

0.003

Diastolic blood pressure (mmHg)

70.2±14.0

63.0±7.1

0.007

Hemoglobin (g/dL)

13.5±1.1

13.0±1.0

0.063

HOMA-IR

5.3±2.9

1.4±0.5

<0.001

Forced vital capacity

94.5±12.4

96.8±10.6

0.349

Forced expiratory volume 1

95.8±11.2

100.3±10.0

0.048

Peak expiratory flow rate,

75.9±10.6

77.3±12.9

0.585

Forced mid-expiratory flows (25-75)

100.1±21.6

109.6±22.3

0.047

Forced expiratory volume 1/Forced vital capacity

100.2±8.6

101.4±9.3

0.503

6-minute walk distance (meters)

570.9±67.5

607.8±72.5

0.010

SpO2

Before 6 MWT

98.3±0.8

98.2±0.6

0.202

After 6 MWT

98.5±0.6

98.5±0.6

0.592

Fatigue score

Before 6 MWT

0.9±1.0

0.9±1.0

0.806

(Borg scale)

After 6 MWT

2.3±1.4

2.3±1.2

0.927

Dyspnea score

Before 6 MWT

0.3±0.7

0.6±0.9

0.070

(Borg scale)

After 6 MWT

0.9±1.4

1.9±1.4

<0.001

Assessment of 6-minute walk test

BMI SDS: body mass index-standard deviation score, HOMA-IR: homeostasis model assessment of insulin resistance, 6 MWT: 6-minute walk test
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Table 2. Correlations of 6 MWD with clinical, anthropometric and
laboratory measurements
6 MWD
r

p

Age

0.017

0.869

Gender

-0.133

0.193

Height

-0.105

0.308

BMI-SDS

-0.357

<0.001

Systolic blood pressure

-0.092

0.347

Diastolic blood pressure

-0.167

0.086

Hemoglobin

0.178

0.095

HOMA-IR

-0.197

0.076

Forced vital capacity

-0.150

0.142

Forced expiratory volume 1

-0.146

0.155

Peak expiratory flow rate

-0.097

0.346

Forced mid-expiratory flows (25-75)

-0.079

0.442

Forced expiratory volume 1/Forced vital capacity

0.009

0.922

6 MWD: 6-minute walk distance, BMI-SDS: body mass index-standard deviation
score, HOMA-IR: homeostasis model assessment of insulin resistance

lung function, increased respiratory symptoms and decreased
functional status. Baek et al. have demonstrated that obese
children without asthma had significant reductions in baseline
FEV1 and FEV1/FVC compared with healthy controls (16).
Limited studies in children have failed to demonstrate a
relationship between obesity and pulmonary functions
(17,18,19). In our study, we found that FEV1 and FEF (25-75)
were slightly lower in the obese group, but that there was
no statistically significant difference between the groups
regarding FEV1/FVC ratio.
There are a few studies demonstrating the relationship
between PFTs and exercise capacity (20,21). Gontijo et al (20)
have reported a positive correlation between PEF and 6 MWD
in obese subjects and have also concluded that subjects
who had the higher PEF had the higher physico-functional
capacity and consequently, the greater distance covered.
Another study has demonstrated that obese asthmatics had
decreased functional exercise capacity as they covered the
shortest 6 MWD when compared to adolescents with obesity
or asthma alone or with neither condition. However, these
same authors reported that they could not find any relationship
between PFTs and 6 MWT in obese asthmatic subjects (21).
In our study, although, our patients had some impairment in
spirometric PFTs and shorter 6 MWD, there was no correlation
between these parameters and the BMI was the only
predictor for 6 MWD in multiple regression analysis.
Another potential risk factor in obese patients for
inadequate 6 MWT performances was IR. Individuals with IR
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and/or type 2 diabetes mellitus manifest decreased maximal
oxygen consumption and/or submaximal exercise capacity.
In addition, lower VO2 peak and slowed VO2 kinetics have
been found to correlate with decreased insulin sensitivity
as measured using the euglycemic hyperinsulinemic clamp
tests (22), but in our study, we could not find any relation
between HOMA-IR and 6 MWD.
In conclusion, this study showed that functional exercise
and lung capacities of the obese children were lower than
those of the non-obese children. However, a relationship
between PFTs and functional exercise capacity was not
found. The most important factor influencing functional
exercise capacity was BMI-SDS.
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