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Abstract
Introduction The relationship between obesity or 
overweight and pulmonary functions has not been 
investigated in Sri Lankan children previously. Therefore, 
we aimed to study the effects of obesity / overweight on 
dynamic lung functions in healthy school children in Sri 
Lanka.
Methods This cross sectional study was carried out 
among healthy school children. They were categorised 
into ‘obese/over weight’ group (BMI > 85th percentile) and 
'normal weight’ group (BMI 5"1-85lh percentile). Forced vital 
capacity (FVC), forced expiratory volume in one second 
(FEV1) and forced expiratory flow at 25-75% (FEF 25-75%) 
were used as measures of ventilatory function.

Results O f 275 ch ild ren  55 (20% ) w ere ‘obese/ 
overweight’. BMI has no significant relationship to any of 
the pulmonary function parameters. However, in contrast 
to what is expected, mean values o f  FVC, FEV, and FEF 
25-75% were lower in ‘normal weight’ group (Table 2).

Conclusions No significant difference was detected in 
spirometry parameters between obese/overweight and 
normal weight school children in our study.
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Introduction
Prevalence o f obesity and overweight is increasing in 

adults and in children in both developed and developing 
countries [1,2]. Obesity is a risk factor for many conditions 
including respiratory disorders such as asthma, increased 
airway resistance and atopy [3,4], Therefore, increasing 
numbers o f  obese children with respiratory disorders are 
referred for lung function testing. Pulmonary function 
abnormalities are recognised complications o f obesity in 
adults [5], However, available data on lung functions o f 
children with overweight and obesity are inconsistent 
[6-8], Further, there is limited information on effect o f

BMI on lung function in children in Sri Lanka. Therefore, 
this study was designed to determine the effects o f obesity 
and overweight on dynamic lung functions measured with 
spirometry.

Methods
Children between 9-15 years were recruited for this 

cross-sectional survey which was conducted in Colombo 
District in Sri Lanka. Sample size was calculated based 
on observed variance o f  dynamic lung volumes from a 
previous study and prevalence o f  overweight/obesity 
(14%) among healthy school children in the Colombo 
metropolitan area [7,9]. Three schools with both girls and 
boys and primary and secondary education were randomly 
chosen. In each selected school, one class from each grade 
was randomly selected to recruit children between 9-15 
years. All the students in each class were invited for the 
study. The principal and the teachers were given general 
information about spirometry and a detailed explanation 
o f  the procedure. Informed written consent was obtained 
from the parents. A pretested questionnaire based on 
International Study o f  Asthm a and Allergies in Child
hood (ISAAC) questionnaire was distributed among the 
parent/guardian o f  the selected children [10]. It recorded 
information on demography, past and current medical/ 
surgical problems and exposure to environmental triggers. 
Subsequently all the children who returned the completed 
questionnaire with the signed consent form underwent a 
detailed clinical assessment by the principal investigator.

C hildren  who had upper o r low er resp ira tory  
infections, chronic respiratory disorders such as asthma 
or interstitial lung disease, congenital abnormalities o f 
cardio-respiratory system, chest deformities and neuro
muscular diseases were excluded.

Subsequently all children who fulfilled the inclusive 
criteria, underw ent spirometry. The w eight (kg) and 
standing height (cm) were measured with a calibrated 
w eighing scale and a stadiom eter. Spirom etry was 
carried out by two trained technicians. We measured

'Department of Paediatrics, Faculty of Medical Sciences, 2University of Sri Jayewardenepura, National Dengue Control 
Unit, Ministry of Health, University Paediatric Unit, Colombo South Teaching Hospital, Sri Lanka.

Correspondence: GL, e-mail: <guwani@sjp.ac.lk>. Received 12 May 2015 and revised version accepted 18 April 2016.

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and source are credited.

Vol. 61, N o. 4, D e c e m b e r  2 0 1 6 163

http://doi
mailto:guwani@sjp.ac.lk


P a p e r

pulmonary function parameters using an Alpha Touch 
Vitalograph Spirometer in accordance with the American 
Thoracic Society and European Respiratory Society 
G uidelines. The spirom eter was calibrated each day 
using a three litre syringe. All children performed forced 
expiratory manoeuvres to obtain optimal effort (duration 
o f exhalation at least 3 s for children <11 years old 
and 6 s for children >11 years old). The best o f at least 
three technically accep-table values for FEV1, FVC and 
flow volume curves were selected. These children with 
acceptable spirometry values were grouped according to 
BMI. ‘Obese/overweight’group included children with 
BMI for the age and sex more than the 85th percentile 
according to CDC (Centre for Diseases Control and 
Prevention) reference charts. Overweight was defined 
as BMI between 85th and 95th percentile and obesity as 
BMI >95th percentile. Children between 5th and 85th 
centile were considered ‘normal weight’. BMI with <5th 
percentile was defined as ‘underweight’.

Our study was approved by the Ethics Committee 
o f the Faculty o f Medical Sciences, University o f Sri 
Jayewardenepura Sri Lanka. Pearson’s chi-square test 
was used to evaluate potential association with categorical 
variables and student’s t-test was used to assess mean 
differences with ratio-scale variables. SPSS for Windows

statistical software was used for the analysis. The level of 
significance was set at 5% in all comparisons.

Results
Four hundred and five completed questionnaires 

w ere returned. O f them  93 w ere excluded due to 
incomplete data. Two hundred and seventy five healthy 
children had acceptable and reproducible spirometry 
curves. Finally results o f 275 children were analysed. Of 
them, 55 (20%) were in the ‘obese/overweight’ category. 
In 198 (72%) BMI was in the normal range (5th to 85th 
percentile). A subgroup o f these normal children was 
randomly selected (a random sub sample) to compare 
with the obese/overweight group. Characteristics of 
this random sub sample of normal weight children were 
similar to the characteristics o f the whole group of normal 
weight children and no significant differences were noted 
with regard to their age, gender, height or weight. Then 
the results o f these two groups were compared. The demo
graphic data are given in table 1.

In our study BMI has no significant relationship to 
any o f the pulmonary function parameters. However, in 
contrast to what is expected, mean values o f FVC, FEV! 
and FEF 25-75% were lower in ‘normal weight’ group 
(Table 2).

Table 1. Characteristics of the ‘obese/overweight’ and ‘normal weight’ groups

Obese/overweight
n=5.5

Normal weight 
n=64

p value

Mean age in years (SD) 11.76(1.55) 11.94(1.50) 0.62

Mean BMI (SD) 25.20 (4.36) 16.20(1.70) 0.00

Mean height in centimeters (SD) 142.9(16.60) 147.56(11.21) 0.07

Male: female ratio 31:24 31:33 0.39

Exposure to cigarette or other smoke 11 13 0.58

Family history of asthma 13 19 0.30

Table 2. Comparison of dynamic lung volumes among ‘obese/overweight’ 
and ‘normal weight’ groups

Obese/overweight 
(B M I >85,h percentile)

Normal weight 
(B M I 5 *-85 * percentile)

M f 95% C l p  value

Mean SD Mean SD

FVC 2.36 0.07 2.19 0.06 0.17 (-0.02,0.37) 0.90

FEVl 2.05 0.06 1.93 0.05 0.11 (-0.05,0.28) 0.17

FEVl/FVC 83.89 2.26 87.85 0.61 -3.95 (-8.32,0.40) 0.07

FEF 25-75% 2.49 0.09 2.37 0.06 0.12 (-0.10.0.34) 0.29

(FEVl/ FVC: ratio of FEVl to FVC)
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Discussion
The reasons for the link betw een obesity  and 

res-piratory disorders are not com pletely understood. 
Several possible mechanisms related to obesity have been 
investigated which may be causing respiratory problems 
especially asthm atic sym ptom s in obese individuals 
[11-13], It has been correlated to mechanical effect o f 
adipose tissue on the lung, airway inflammation and 
bronchial hyper responsiveness. The exact causative 
mechanisms has not been established. Previous studies 
have not firmly established the relationship between 
obesity and sp irom etry  param eters. Som e o f  these 
studies have shown a significant reduction in spirometry 
parameters with obesity while others have not shown 
any effect [6-8], Our study did not show any significant 
effect o f  obesity or overweight on dynamic lung volumes 
measured by spirometer.

Lazarus et al has examined the effect o f  total body 
fat as a percentage o f  weight on FVC and FEV1 [6]. Total 
body fat was estimated by measuring skin fold thickness. 
He showed that height-adjusted FVC and FEV1 values 
increased significantly with increment in weight for age 
and sex. Since weight measures both lean and fat mass, 
comparison after adjusting FVC and FEV1 values for 
both height and weight showed a significant decrease o f 
ventilator functions with increasing skin fold thickness. 
Turan and co-workers have shown in a com parative 
study on obese and non-obese that although there was no 
statistically significant difference in FEV,, FVC, or FEV1/ 
FVC, a significant reduction in peak expiratory flow rate 
(PEFR) and FEF 25-75% was found in overweight and 
obese individuals [7],

This discrepancy observed between studies investi
gating relationship between spirometry parameters and 
obesity/overweight could be explained in many ways. 
Methodological differences such as dissimilar criteria in 
measuring the fat mass or sample size may have played 
a role. Further, distribution o f  body fat in different popu
lations, degree o f  obesity and duration o f  obesity in the 
samples recruited m ay have an effect on pulm onary 
function. This variability in results may also be due to 
positive effect o f  growth masking the negative effects o f 
obesity on lung function.

In general, BMI is considered a measure o f  obesity 
and it cannot distinguish fat and lean body mass [14], It 
is an index o f  nutritional status and its relationship with 
body composition is controversial. When compared with 
other measurements, accuracy and precision o f  skin fold 
thickness measurements is poor in obese children [14], 
However, it can be used to predict body composition. 
Waist circumference provides a simple measure o f central 
fatness and it may have a direct effect on the chest wall 
properties. In addition, there are newer sophisticated 
techniques o f assessing fat mass in children. Bioelectric 
im pendence analysis (BIA) and D ual energy X -ray 
absorptiometry (DXA) have the potential to improve

accuracy and predicts the body composition. Therefore, 
selecting a method which measures body fat composition 
accurately would have given different results to what we 
have found in this study.

Some studies have investigated the relationship 
between obesity and static lung volumes (total lung 
capacity, functional residual capacity, residual volume), 
and ventilation-perfusion relationships in children. In 
that context, Li et al has shown that increased body fat 
measured by DXA scan has a negative correlation with 
functional residual capacity [15].

There are few lim itations in our study. A bigger 
sample size would have given more concrete evidence. 
Further, although BMI is the most widely used acceptable 
method o f  obesity, it does not differentiate the lean mass 
and fat mass in an individual. Therefore, a method which 
assesses the body composition would have given more 
accurate results. In our study we have only investigated 
the dynamic lung volumes since we did not have facilities 
to examine static lung volumes and ventilation-perfusion 
relationship in children. However, recruiting healthy 
children following a strict screening procedure carried 
out by the principal investigator is a strength in our study.

In conclusions, our study did not show a significant 
effect o f obesity/overweight on dynamic lung volumes 
among healthy school children in Colombo District, Sri 
Lanka.
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