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Relation among body mass index, waist-hip 
ratio, and pulmonary functional residual 
capacity in normal weight versus obese Chilean 
children: A cross-sectional study 
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ABSTRACT
Introduction. Obesity is associated with a rapid 
decrease in ventilatory function. The most 
common way of assessing nutritional status 
and measuring abdominal fat and hips are the 
body mass index (BMI) and the waist-hip ratio 
(WHR). There is scarce evidence suggesting their 
relation to functional residual capacity (FRC). 
Our objective was to determine the relation 
among BMI, WHR, and FRC in obese children 
in the city of Talca, Chile.
Population and methods. Male and female 
children were recruited (6-12 years). Weight, 
height, BMI, WHR, and pulmonary function were 
assessed; the latter with body plethysmography. 
Depending on data distribution, Student’s 
t test or the Mann-Whitney U test were used 
for independent samples, while Pearson’s or 
Spearman’s r test was used to establish the 
correlation between WHR and FRC.
Results. Children were divided into normal 
weight (n = 18) and obese (n = 18). A significant 
reduction in FRC (p = 0.025) was reported in 
obese children, while a reverse association was 
observed between WHR and FRC, which was 
moderate in normal weight children (s = -0.489; 
p = 0.03) and high in obese children (r = -0.681; 
p = 0.001).
Conclusions. Obese children showed a lower FRC 
compared to normal weight children, which, in 
turn, was associated with WHR. These results 
are indicative of the systemic effects caused by 
obesity on children’s ventilatory function and 
the need to use body fat distribution indicators 
at an early age.
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INTRODUCTION
The World Health Organization 

( W H O )  h a s  d e f i n e d  o b e s i t y  a s 
“an  abnormal  or  excess ive  fa t 
accumulation that presents a risk 
to health.” Obesity has increased 
alarmingly in developing countries.1 
In Chile,  childhood obesity has 
continued increasing, especially since 
2009, after the economic crisis.2,3 The 
latest data by the National Ministry 
of Health of Chile (MoH) show that, 
in children younger than 6 years, 
obesity accounted for 9.6 % in 2007 
and reached 9.9 % in 2010.4

Fat mass is the most variable 
component of body composition 
and there are risks associated with 
excess fat body mass and its location.5 

This way, at present, it has been 
confirmed that the metabolic and 
mechanical consequences of regional 
fat distribution are particularly 
relevant for clinical examination and 
for actions to be taken in this regard.6

O n e  o f  t h e  m a n y  p r o b l e m s 
associated with chi ldhood and 
adolescent  obesi ty is  the rapid 
decrease in ventilatory function, and 
the mechanical and inflammatory 
processes of this condition lead to a 
reduced chest and lung performance7 
a n d  t o  c h a n g e s  i n  r e s p i r a t o r y 
p h y s i o l o g y ,  t h e  m e c h a n i c s  o f 
ventilation, and respiratory muscles,8 
thus reducing chest expansion and 
airway caliber.9 Hence, a reduced 
functional residual capacity (FRC), 
which is the volume of air present 
in the lungs at the end of passive 
expiration, is a typical characteristic of 
obesity hypoventilation syndrome.10 
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This results from a change in inspiratory and 
expiratory pressures due to the increase in fat 
deposit in the chest and abdomen. In addition, 
the increase in intra-abdominal pressure is 
transferred to the chest, resulting in changes in 
the pressure-volume curve, with the consequent 
decrease in static lung volumes.6,9 However, there 
are few precedents on the consequences of fat 
tissue location and its relation to FRC, considering 
that this concept has historically been related to 
heart problems.11

The existence of a reverse relation between 
FRC and body mass index (BMI) has been 
documented;6 the latter is an overall measure of 
body mass that includes both fat and lean body 
mass, without establishing the differences in fat 
tissue distribution in the chest and abdomen.2 
This is relevant due to the fact that the reduced 
lung volumes in obesity are the result of the 
mechanical –direct or indirect– effect of fat on 
the rib cage.6,9 In this context, one of the most 
common manners to measure abdominal and 
hip fat is the waist-hip ratio (WHR). This is an 
outcome measure of fat tissue distribution and 
the most commonly used measure in public 
health settings. However, it has been mainly 
studied in association with risk factors and 
cardiovascular disease.11 It has been observed that 
there is a direct relation between extra- and intra-
abdominal fat,8 which would cause respiratory 
imbalance and alter diaphragm effectiveness 
and, as a consequence, lung volumes.6,9 However, 
WHR has not been considered an indicator of FRC 
problems in obese individuals. In this manner, 
this study would contribute to demonstrate that 
this index may predict respiratory alterations 
associated with obesity.

Based on the information presented here, we 
may hypothesize that an increase in BMI and 
WHR is related to a decreased FRC in obese 
children. The objective of this study was to 
determine the relation among BMI, WHR, and 
FRC in obese children aged 6-12 years in the city 
of Talca, Chile.

POPULATION AND METHODS
This was a cross-sectional study carried out 

between March and May 2017 in the city of Talca. 
The sample size was estimated using the Ene 3.0® 
software for sample size estimation (Barcelona, 
Spain).

Based on a pilot study done in 10 normal 
weight and 10 obese children, and considering a 
0.95 significance level, an 80 % statistical power, 

2 groups, a 10 % dropout, and a 2.19 mean 
and a 0.55 liter standard deviation in FRC, the 
sample was determined at a total of 36 children 
aged 6-12 years in the city of Talca.12 The Talca 
population was 220 000 inhabitants; of these, 
30 028 were 5-14 years old; in turn, 11.79 % of 
them were obese (http://www.deis.cl/).

Using a non-probability sampling, children 
were selected from schools. In a meeting with 
children’s guardians, the project was presented 
and the names of  parents who agreed to 
participate were recorded. Subsequently, an 
appointment for assessment was made on the 
telephone. Based on BMI, children were divided 
into 2 groups: normal weight, those who had 
a BMI-for-age within the standard deviation 
established by the median value according to 
the WHO Child Growth Standards (n = 18), 
and obese, those with a BMI-for-age with more 
than 1 standard deviation above the median 
value established as per the WHO Child Growth 
Standards1 (n = 18). Pulmonary function tests 
were done at the Laboratory of Ventilatory 
Function-Dysfunction of Universidad Católica 
del Maule by the kinesiologist in charge (certified 
by the MoH). Children had to attend the test with 
their guardians. Inclusion criteria were age in 
the age range and being normal weight or obese, 
whereas exclusion criteria were incompatible 
physical and/or cognitive status, acute or chronic 
respiratory disease, girls who had experienced the 
menarche or had nausea and vomiting. This study 
was approved by the Scientific Ethics Committee 
of Universidad Católica del Maule (Resolution 
23/2016). Parents or legal guardians were asked 
to sign the informed consent and, before starting 
the assessment, children were asked for their 
assent. Results were delivered to parents and 
they were asked to take them to their children’s 
next health checkup. Lastly, data were maintained 
strictly confidential and were coded to safeguard 
participants’ identity.

Anthropometric measures and indices
H e i g h t :  T h e  d i s t a n c e  f r o m  t h e  f l o o r 

to the vertex was measured using a SECA® 
anthropometer (model 220, Hamburg, Germany). 
The subject was standing and barefoot, with 
the heels together and the toes pointing out 
to a 45-degree angle. The heels, the buttocks, 
the back, and the occipital region had to be in 
contact with the surface of the anthropometer. 
The measurement was done during a maximum 
inspiration and keeping the head adjusted to 
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To establish the differences in the behavior of 
expiratory reserve volume (ERV), RV, and FRC as 
per the nutritional status of normal weight versus 
obese children, Student’s t test or the Mann-
Whitney U test were used, according to outcome 
measure distribution. To establish a correlation 
among BMI, WHR, and FRC, Pearson’s or 
Spearman’s r test was done, depending on 
data distribution. In this regard, charts were 
developed as per nutritional status. The statistical 
significance level was established at p < 0.05.

RESULTS
Out of 240 guardians who were invited to 

participate from 6 courses, the first 18 normal 
weight children and the first 18 obese children 
were selected; they corresponded to 15 girls and 
21 boys aged 6-12 years. The characteristics of 
the sample are shown in Table 1. The comparison 
between groups showed a significant difference 
in the WHR, ERV, and FRC outcome measures 
between obese and normal weight children 
(Table 1). A significant difference was observed in 
weight, BMI (p = 0.0001) and WHR (p = 0.022) in 
obese children compared to normal weight ones; 
on the contrary, there was a significant difference 
between ERV (p = 0.006) and FRC (p = 0.025) of 
obese children compared to normal weight ones 
(Figure 1). In addition, a direct (moderate and 
significant) relation was found between BMI and 
FRC in normal weight children (r = 0.681; p = 0.03) 
(Figure 2). Lastly, there was a reverse relation 
between WHR and FRC, which was moderate 
in normal weight children (s = -0.489; p = 0.03) 
and high in obese children (r = -0.681; p = 0.001) 
(Figure 3).

DISCUSSION
The objective of this study was to determine 

the relation among BMI, WHR, and FRC in obese 
children aged 6-12 years in the city of Talca, 
Chile. Results showed that there was a significant 
reduction in the FRC of obese children, and also 
a reverse and high relation between WHR and 
FRC. The relevance of this lies in detecting the 
systemic effects caused by obesity and central 
fat distribution at an early age. This reinforces 
the usefulness of BMI and introduces WHR as 
an indicator of both cardiovascular disease2,3 and 
ventilatory function in children.11

Specifically, central fat tissue accumulation 
would reduce chest wall elastance, which would, 
in turn, decrease FRC and ERV and generate 
an early reduction in expiratory flow during 

the Frankfurt plane.13The value was recorded in 
meters.

Body weight: Weight was measured in 
kilograms using a SECA® scale (model 840, 
Hamburg, Germany).13 

BMI: This is an indicator of the weight and 
height relation; it was used to identify overweight 
and obesity. It was obtained by dividing the 
weight in kilograms by the square of the height 
in meters (kg/m2).1

Waist circumference: This was measured with 
the subject relaxed, standing, and with the arms 
on the chest. It was taken at the end of a normal 
exhalation at the narrowest point between the last 
rib and the iliac crest or, failing this, at the midline 
if the narrowest point could not be established.13 

The value was recorded in centimeters.
Hip circumference: This was measured with 

the subject relaxed, standing, and with the arms 
crossed on the chest. It was taken at the end of a 
normal exhalation at the maximum circumference 
at the level of the buttocks, corresponding to the 
symphysis pubis.13

WHR: This is an anthropometric measure 
used to determine the level of intra-abdominal 
fat. It was estimated as the ratio between waist 
circumference and hip circumference.1

Lung volumes: Tests were done using a 
Medgraphics body plethysmograph (Platinum 
Elite DL®, St. Paul, Minnesota, USA). It was 
measured as per the American Thorax Society 
(ATS) standards. The subject was sitting down, 
with the mouthpiece at the level of the oral cavity, 
the lips tightly closed around it during the test to 
prevent air leak, wearing a nasal clip and with the 
hands on the cheeks to support the facial muscles. 
Then, the booth was closed and the subject was 
asked to breath 4 times at tidal volume. The 
subject was asked to “pant softly” trying to move 
volumes between 50 and 60 mL while supporting 
the cheeks with the tip of the fingers to prevent 
mouth pressure fluctuations. The frequency of 
panting had to be close to 60 per minute (1 Hz). 
The provider in charge activated the shutter for 
2-3 seconds; then he/she asked the subject to 
inhale to the maximum level and then exhale until 
reaching residual volume (RV).14 The best value 
out of three measurements was selected, with a 
5 % variability in total lung capacity (TLC). FRC 
was recorded in liters.

Statistical analysis: The GraphPad Prism 
statistical software was used (version 5.0®, 
San Diego, USA). Outcome measures were 
described as average ± standard deviation. 
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Figure 2. Relation between body mass index and functional residual capacity in normal weight and obese children

FRC: functional residual capacity; r: Pearson.

Figure 1. Comparison of lung volumes between normal weight and obese children

ERV: expiratory reserve volume; RV: residual volume; FRC: functional residual capacity. 
A: Comparison of ERV between normal weight and obese children. Statistical test, Mann-Whitney;
B: Comparison of RV between normal weight and obese children. Statistical test, Student’s t test;
C: Comparison of FRC between normal weight and obese children.
Statistical test, Student’s t test. *= 0.004; **= 0.03.

Outcome measures Normal weight Obese p value

Total sample 18 18 -
Sex (M-F) 14/4 7/11 -
Age (years old) 10 ± 2 9 ± 2 0.257a

Weight (kg) 34.36 ± 6.39 49.21 ± 12.61 0.0002b

Height (m) 1.41 ± 0.11 1.38 ± 0.11 0.759a

BMI (kg/m²) 17.12 ± 1.17 25.50 ± 3.26 0.0001b

WHR 0.86 ± 0.08 0.91 ± 0.04 0.022b

ERV (L) 0.91 ± 0.44 0.60 ± 0.30 0.006b

RV (L) 1.08 ± 0.50 0.81 ± 0.47 0.107b

FRC (L) 1.99 ± 0.67 1.56 ± 0.41 0.025a

WHR: waist-hip ratio; ERV: expiratory reserve volume; RV: residual volume; FRC: functional residual capacity;  
a: Mann-Whitney; b: Student’s t test.

Table 1. Anthropometric characteristics of normal weight and obese children

**
*
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Figure 3. Relation between waist-hip ratio and functional residual capacity in normal weight and obese children

CRF: capacidad residual funcional; s: Spearman; r: Pearson.

breathing at tidal volume, especially at the lung 
bases. This has been reinforced by studies that 
evidenced a reverse relation between FRC and 
airway resistance in obese subjects.6,9 This is 
supported by Wilson’s three-compartmental 
model,15 where the abdomen is considered to be 
associated with the lower chest and, therefore, 
may have a positive or negative effect on the 
diaphragmatic activity through the abdominal 
wall.16,17 The role of the latter on the ventilatory 
pump has been described in physical models as a 
passive agent that would impact on the concentric 
contraction of the diaphragm. However, when 
such compartment is not normal, as in the case of 
obesity, for example, ventilation may be affected, 
thus reducing FRC, among other variables.

The results of this study reassert prior findings 
in the adult and elderly population, which 
showed an association between pulmonary 
f u n c t i o n  a n d  a n t h r o p o m e t r i c  o u t c o m e 
measures,15-18 specifically, a reduced pulmonary 
function with an increase in waist circumference17 
and WHR,18-21 considered better predictors 
than BMI.18,21Ceylan et al. studied the prevalent 
abnormality of pulmonary function in overweight 
and obese subjects, and the correlation between a 
worsened pulmonary function and the degree of 
obesity. To this end, 31 women and 22 men with 
a mean age of 40 years were studied. A reduction 
in FRC and ERV was observed in overweight 
and obese subjects. In addition, WHR and BMI 
were better predictors of ERV in women, whereas 
only WHR did in men. Based on this, it was 
concluded that lung volumes were affected by the 
distribution of body fat.22 This was consistent with 

our results, which showed a significant reduction 
in FRC and ERV in obese children, compared to 
normal weight ones. It is worth noting that our 
sample was made up of pediatric subjects and no 
differences between sexes were analyzed.

BMI use for the characterization of pulmonary 
function has been controversial because it 
considers both lean and fat body mass, which 
hinders the determination of an abdominal 
effect on an effective ventilatory mechanics.21,23 
For example, the assessment of pulmonary 
function with a spirometry in the pediatric obese 
population based on BMI has demonstrated 
dissimilar results, and there is evidence that a 
higher BMI reduces forced vital capacity and 
forced expiratory volume in 1 second.24 Besides, 
no significant differences were observed in the 
same outcome measures when comparing obese 
and normal weight children.23,25

The results of ERV and FRC in obese children 
demonstrated that BMI was sensitive to changes 
in pulmonary function in the studied sample. 
In pediatrics, this may be because this index 
has a positive correlation with fat tissue and 
may also be associated with risk factors for non-
communicable chronic diseases.26 In this setting, 
the combined analysis of BMI and WHR would be 
the most advisable option to determine potential 
respiratory system disorders.27 It is worth noting 
that no differences were observed in RV; this was 
consistent with what has been reported in the 
bibliography, which indicated that this outcome 
measure was maintained.24

Bes ides ,  our  sample  was  made  up  of 
pediatric subjects without history of respiratory 



Relation among body mass index, waist-hip ratio, and pulmonary functional residual capacity in normal weight versus obese Chilean children: …  /  235

disorders; therefore, there is no lung parenchyma 
compromise, as observed in adult patients with 
chronic obstructive disease. In the latter case, the 
early closure of small-caliber airways results in 
an increased RV and a limited expiratory flow, 
which, as a whole, causes an increase in FRC.12,28

Lastly, it is worth pointing out that our 
subjects were children who had not reached 
physical and respiratory maturity. In addition, 
the understanding of the test varied among 
children depending on their maturity stage, 
which differentiated them from adults, and this 
had an effect on the performance of pulmonary 
function tests.29

Limitations
This study had a series of limitations. As 

mentioned above, the sample was not analyzed 
in terms of sex, so different correlations could 
arise, but this was not part of our initial objective. 
Future studies should include this outcome 
measure in larger samples. Due to aspects 
related to methodology and sample size, the 
results reported here were only applied to the 
assessed group and cannot be generalized. 
Notwithstanding this, the results were consistent 
with those of other authors, making the data 
found here in relation to obese children and their 
FRC relevant.

CONCLUSIONS
Our results indicated that FRC decreased 

significantly in obese children, compared to 
normal weight ones. In addition, a higher WHR 
was reported to reduce FRC, which turned 
WHR into an important tool for physical 
education teachers, kinesiologists, and health care 
providers as an indicator of potential ventilatory 
dysfunction in childhood. n
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