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Abstract
Objective To determine the correlation between various obe-
sity indices and pulmonary function parameters in obese Thai
children and adolescents.
Methods Obese children and adolescents aged from 8 to
18 y and diagnosed under the criteria of International
Obesity Task Force (IOTF) were enrolled. Anthropometric
and body composition measurements (bioelectrical imped-
ance analysis) of all eligible participants were recorded.
Pulmonary function studies (spirometry and body plethys-
mography) were also performed on the same day.
Results Forty-five children and adolescents [84 % boys; mean
age 11.9±2.4 y; mean BMI 31.8±5.1 kg/m2; and, mean body
mass index (BMI) z-score 3.2±0.5] were studied. Mean body
fat percentage, mean fat mass index (FMI), mean fat free mass
index, and mean truncal fat percentage were 47.4±10.2 %,
15.2±5.2 kg/m2, 16.3±3.1 kg/m2, and 47.7±11.5 %, respec-
tively. Abnormal lung functions were found in 73.2 % of sub-
jects; the most common was decreased functional residual ca-
pacity (FRC) (29 cases; 64.4 %). There was a negative corre-
lation between FRC and BMI z-score (r=−0.32; p 0.03), waist-
height ratio (r=−0.32; p 0.02), body fat percentage (r=−0.32; p
0.03), FMI (r=−0.36; p 0.02), and truncal fat percentage (r=
−0.32; p 0.04). Obese individuals who had FMI>17 kg/m2

were 5.7 times more likely to have decreased FRC than those
who had lower FMI (95 % CI 1.1–29.7; p0.016).
Conclusions Decreased FRC was the most common pulmo-
nary function abnormality in obese children and adolescents.
BMI z-score, waist-height ratio, body fat percentage, FMI,
and truncal fat percentage were all negatively correlated with
FRC. FMI had the highest negative correlation. Obese indi-
viduals with FMI>17 kg/m2 had a 5.7 times increased risk of
low FRC. Appropriate planning for respiratory care and
follow-up may be required in this population.
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Abbreviations
BIA Bioelectrical impedance analysis
BMI Body mass index
DXA Dual energy x-ray absorptiometry
ERV Expiratory reserve volume
FEV1 Forced expiratory volume in 1 second
FEF25–75% Forced expiratory flow between 25 %

and 75 % of forced vital capacity
FMI Fat mass index
FRC Functional residual capacity
FVC Forced vital capacity
RV Residual volume
TLC Total lung capacity

Introduction

Obesity is associated with increased risk of respiratory symp-
toms, morbidity, and mortality. Previous studies have reported
various abnormal lung functions in obese pediatric
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populations [1–3]. Many obesity indices determined by an-
thropometric and body fat measurements were found to have
correlations with ventilatory functions in obese and non-obese
populations [1, 4–8]. However, most of these studies evaluat-
ed lung function by spirometry alone and used indirect
methods, such as anthropometric and skinfold measurement,
for evaluating volume and distribution of body fat. Few stud-
ies have evaluated the impact of body fat [as assessed using
direct methods, such as dual energy x-ray absorptiometry
(DXA) or bioelectrical impedance analysis (BIA)] on lung
volumes [1, 9]. Compared to DXA, BIA is less complicated
to perform and does not expose patients to radiation. Based on
authors’ review of the literature, there has been no study in an
obese pediatric population that included lung volumes and
direct assessment of body fat using BIA in determining the
impact of obesity on lung function. The objectives of the in-
dex study were to: 1) evaluate the correlation between various
obesity indices (assessed by anthropometry and BIA) and lung
function parameters (assessed by spirometry and lung volume
measurement); and, 2) identify the obesity index that correlat-
ed most closely with abnormal lung function in obese children
and adolescents.

Material and Methods

This was a cross-sectional study. The study protocol was ap-
proved by the Institutional Review Board, Faculty of
Medicine, Chulalongkorn University. Informed consent and
assent (when applicable) were obtained from study partici-
pants and/or their legal guardians before being formally en-
rolled in the study.

Children and adolescents aged from 8 to 18 y diagnosed
with obesity, according to International Obesity Task Force
(IOTF) criteria for childhood obesity [10], were recruited from
the Nutrition and Pulmonology Clinic, King Chulalongkorn
Memorial Hospital from August 1, 2013 to January 31, 2014.
Exclusion criteria included: any underlying pulmonary dis-
eases or neuromuscular disorders that may affect the results
of the pulmonary function tests (PFT); respiratory infection
during the past 2 wk; and, poor effort and ability in performing
PFTs. Pulmonary function study and obesity indices, assessed
by anthropometric and body composition measurement, were
evaluated on the same day for each eligible participant.

All participants had weight and height measured by stan-
dard scale (Detecto™, Cardinal Scale Manufacturing Co.,
Webb City, MO, USA). Waist circumference was measured
at the midpoint between the lowest rib and the iliac crest. Hip
circumference was measured at the level of the greater tro-
chanter, while standing. Body mass index (BMI) was calcu-
lated and expressed as z-score with adjustments for age and
sex, based on WHO growth reference [11, 12].

Body composition (body fat percentage, fat mass, fat-free
mass, and truncal fat percentage) was measured using a bio-
electrical impedance analyzer (BIA) (Tanita™BC-418, Tanita
Corporation, Tokyo, Japan) by the same investigator through-
out the study.Measurement was performed in accordancewith
the instructions provided in the manufacturer’s instruction
manual. For the determination of body fat percentage, fat
mass, and fat-free mass (for entire body and specific body
parts), the body composition analyzer uses data acquired by
DXA from both Japanese and Western subjects, as well as a
regression calculation data derived from repeated regression
analyses using height, weight, age, and impedance between
right hand, right foot, and individual body parts. Fat mass
index (FMI) and fat-free mass index were calculated from
the ratio of fat mass and fat-free mass, relative to height [2].

Spirometry and lung volumes (measured by body plethys-
mography) were evaluated by Vmax 6200 Autobox™
(SensorMedics, Yorba Linda, CA, USA) diagnostic system.
PFT parameters included forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1), FEV1/FVC ratio,
forced expiratory flow rate within 25–75 % of vital capacity
(FEF25 %–75 %), total lung capacity (TLC), and functional
residual capacity (FRC). All parameters, excluding FEV1/
FVC, were expressed as percentage of predicted value, as
calculated from the normal values for the Asian population
(European Respiratory Society, 1993). Obstructive defect
was defined as FEV1<80 % predicted (and/or FEF25 %–75 %

<70 % predicted) with FEV1/FVC<0.80. Restrictive defect
was defined as TLC<80 % predicted and low FRC was de-
fined as FRC<80 % predicted.

Collected data included age, sex, obesity indices (BMI,
BMI z-score, % weight for height, waist-to-hip ratio, waist-
to-height ratio, body fat percentage, truncal fat percentage, fat
mass index, and fat free mass index), and pulmonary function
variables (FVC, FEV1, FEF25–75 %, FRC, and TLC). The most
common lung function abnormality was then identified.
Spearman’s rank correlation test was used to identify correla-
tions between various obesity indices and pulmonary function
variables that were most commonly found to be abnormal. A
two-tailed P<0.05 was considered statistically significant.
Analyses were performed using SPSS version 16.0 (IBM,
SPSS, Inc., Chicago, IL, USA).

To investigate correlation between obesity indices and lung
function variables, the authors used the following formula for
calculating sample size:

n ¼ Zα þ Zβ

Z rð Þ

� �2

þ 3

Z rð Þ ¼ 1

2
ln

1þ r

1−r

� �

where α=0.05, β=0.2, and r represented the estimated
correlation coefficient between any lung function
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parameters and any obesity indices. With a clinical effect
size (r) of 0.5, the calculated sample size was 29 cases.

Results

There were 45 children and adolescents (mean age 11.9±
2.4 y; 84 % boys) who were eligible to participate in this
study. Demographic data, lung functions, and body composi-
tion variables are presented in Table 1. Abnormal PFT was
found in 33 (73 %) cases. The most common abnormality was
decreased FRC (29 cases; 64.4 %). Other abnormal lung func-
tions were obstructive defect (3 cases; 7 %) and restrictive
defect (1 case; 2 %).

Given that decreased FRC was the most common lung
function abnormality found, the authors analyzed the correla-
tions between obesity indices and FRC and found that BMI z-
score, waist-to-height ratio, body fat percentage, FMI, and
truncal fat percentage had statistically negative correlations
with FRC (r=−0.32, −0.32, −0.32, −0.36, and −0.32, respec-
tively; p 0.03, 0.02, 0.03, 0.02, and 0.04, respectively)

(Table 2). FMI had the highest negative correlation with
FRC (r=−0.36). To identify the FMI cut-off value that is sta-
tistically associated with low FRC, the authors serially tested
the association between each FMI value and low FRC value
using chi-square test and found that FMI>17 kg/m2 is statis-
tically associated with low FRC (odds ratio 5.7; 95 % CI 1.1-
29.7; p 0.016).

Discussion

In the index study, authors found a high prevalence (73 %) of
abnormal lung function in obese children and adolescents.
The mean BMI z-score of the study population was also quite
high, suggesting that most of the study cases were moderately
to severely obese. As such, this high prevalence may not be
associated with the less obese population. Decreased FRCwas
the most common lung function abnormality found in the
index study (64.4 % of cases). This finding is comparable to
the previous pediatric study reported by Li et al [1]. However,
a higher frequency of decreased FRC was found, as compared
to the Li et al. study (64.4 % vs. 46 %). This may be attribut-
able to higher levels of obesity (higher BMI z-score) in the
index study, as compared to the Li et al. study (BMI z-scores
3.2 vs. 2.4, respectively). It has been proposed that the mech-
anism of decreased FRC results from a decrease in expiratory
reserve volume (ERV) due to fat deposition in the chest wall
and displacement of the diaphragm into the thorax by the
obese abdomen [13]. Decreased FRC causes many deleterious
effects to the respiratory system, including increased airway
and pulmonary vascular resistance and worsening lung com-
pliance and alveolar ventilation. These effects increase the risk
of atelectasis, ventilation/perfusion mismatching, and

Table 1 Demographic data, lung functions and body composition
variables

Baseline characteristics Mean ± SD (range)

Age (y) 11.9±2.4 (8.6–17.3)

Weight (kg) 76.1±21.3 (48–137)

Height (cm) 153.4±11.5 (134–176)

BMI (kg/m2) 31.8±5.1 (24.1–46.3)

BMI z-score 3.2±0.5 (1.9–4.6)

% weight for height 178.8±24.8 (136.4–250.0)

Waist circumference (cm) 99.1±10.4 (81–134)

Hip circumference (cm) 102.6±11.1 (86–129)

Waist-to-hip ratio 0.97±0.06 (0.77–1.06)

Waist-to-height ratio 0.65±0.05 (0.53–0.78)

FVC (% predicted) 98.8±11.8 (81–122)

FEV1 (% predicted) 101.6±12.5 (73–125)

FEF25–75 % (% predicted) 68.0±17.2 (37–111)

FEV1/FVC 86.1±5.0 (71–94)

TLC (% predicted) 95.0±10.1 (78–121)

RV (% predicted) 81.7±25.8 (34–138)

RV/TLC 20.0±5.7 (8–31)

FRC (% predicted) 66.9±18.9 (32–107)

Body fat percentage 47.4±10.2 (27.5–67.4)

Truncal fat percentage 47.7±11.5 (25.6–74.9)

Fat mass index (kg/m2) 15.2±5.2 (6.79–20.98)

Fat free mass index (kg/m2) 16.3±3.1 (12.1–24.3)

BMI Body mass index; FEF25–75 % Forced expiratory flow between 25
and 75 % of forced vital capacity; FEV1 Forced expiratory volume in
1 second; FRC Functional residual capacity; FVC Forced vital capacity;
RV Residual volume; TLC Total lung capacity

Table 2 Spearman’s rank correlation between various obesity indices
(anthropometric and body compositions measurements) and the
functional residual capacity (FRC)

Spearman’s
correlation (r)

p value

Anthropometry

BMI (kg/m2) −0.26 0.08

BMI z-score −0.32 0.03

% weight for height −0.27 0.07

Waist-hip ratio −0.28 0.07

Waist-height ratio −0.32 0.02

Body compositions

Body fat percentage −0.32 0.03

Fat mass index −0.36 0.02

Fat free mass index 0.08 0.61

Truncal fat percentage −0.32 0.04

BMI Body mass index
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hypoxemia in obese individuals [14]. Early detection of lung
function abnormality would be helpful in planning for appro-
priate respiratory care that helps to prevent respiratory com-
plications in this population.

Many previous pediatric studies have investigated the cor-
relation between various obesity indices and lung functions
[4–8]. However, those studies evaluated lung functions by
spirometry, without lung volume assessment. In addition,
body fat distribution was determined by skinfold measure-
ment, an indirect method that is associated with substantial
prediction errors [15]. In the index study, the authors specifi-
cally analyzed the correlations between obesity indices and
FRC, the most common lung function abnormality found.
They directly measured body composition and fat distribution
using BIA, a widely-used technology for the clinical assess-
ment of body composition and nutritional status. BIA has
been studied for benefit as a prognostic tool in dialysis and
cancer patients [16]. BIA has also been used in many research
studies to determine the effect of body composition on pul-
monary functions in adult populations [9]. Compared to DXA,
BIA is slightly less accurate, but less complicated to use for
body composition measurement. BIA is also less expensive
and does not expose the patient to radiation.

In the present study, authors found five obesity indices that
were negatively correlated with FRC, including BMI z-score,
waist-to-height ratio, body fat percentage, FMI, and truncal fat
percentage. Weight, height, and BMI showed no correlation
with FRC. The present findings suggest that it is the amount
and central distribution of body fat, not the entire bodyweight or
height, which negatively impacts lung volumes. This confirms
the findings of the previous studies [1, 4–8] and implies that
anthropometric measurements routinely used in clinical practice
(weight, height, weight-for-height percentage, and BMI) are not
adequate for assessing visceral adiposity and identifying the
obese individual who is at risk for respiratory complications.

Waist circumference can be easily measured in clinical
practice. The ratio between waist circumference and other
anthropometric measurements, such as height and hip circum-
ference, have been used to identify truncal obesity. Previous
studies have reported a negative correlation between waist-to-
hip ratio and lung functions [7, 8]. The effect of waist-to-hip
ratio on lung function seems to be sex dependent. In adults,
waist-to-hip ratio had a more pronounced effect on lung func-
tion in males, as compared to females [17]. This may be due to
differences in body fat distribution between the two genders.
Waist-to-height ratio has been proposed to be less influenced
by sexual maturation. Previous studies have shown that waist-
to-height ratio is better than BMI and waist circumference in
determining central fat distribution and cardio-metabolic risk
[18, 19]. In the present study, it was the waist-to-height ratio,
not waist-to-hip ratio that had a negative correlation with
FRC. In adolescents and adults, patterns of body fat distribu-
tion are different between males and females. Males have fat

accumulation around the abdomen, while females tend to ac-
cumulate fat around the hips [20]. Therefore, waist-to-height
ratio might be less influenced by sex, as compared to waist-to-
hip ratio. As such, the waist-to-height ratio may be superior to
the waist-to-hip ratio in identifying the obese individual who
is at risk for pulmonary complications.

The present study is limited by the small sample size,
which did not allow the authors to categorize and compare
the cases by gender or preadolescent vs. adolescent. As a
result, the power of the correlation coefficient could be affect-
ed by age and sex. In the present study, FMI showed the
highest negative correlation to FRC, when compared to other
obesity indices. FMI is calculated using body fat and height,
which makes this measurement less likely to be affected by
age and sex, as compared to the other indices (BMI z-score,
waist-to-height ratio, body fat percentage, and truncal fat per-
centage). The authors also found that obese individuals who
had FMI>17 kg/m2 were 5.7 times more likely to have de-
creased FRC. This cut-off value might be considered as a
screening tool for identifying obese children and adolescents
who are at risk for having low FRC. It should be noted that this
cut-off value was identified after the study was conducted
(post-hoc). Further study is still needed to determine its valid-
ity in predicting low FRC in this population.

Conclusions

Decreased FRC was the most common lung function abnormal-
ity found in obese children and adolescents. BMI z-score and
obesity indices that determined central fat distribution, such as
waist-to-height ratio, body fat percentage, FMI, and truncal fat
percentage all showed negative correlation with FRC. FMI had
the highest negative correlation. These obesity indices may be
helpful in identifying a low FRC and should be included in the
clinical assessment of obese children and adolescents. FMI>
17 kg/m2may be considered as a screening tool to identify obese
individuals who are at risk for low FRC and may require appro-
priate respiratory care to prevent pulmonary complications.
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