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ABSTRACT

Objective: Studies investigating the pulmonary function of school-
age obese asthmatics are rare. The purpose of this study was to 
compare lung functions in school-age obese asthmatics and non-
obese asthmatics.
Methods: Ninety-two children were assigned to groups of obese 
asthmatics (Group OA, n=43) and non-obese asthmatics (Group A, 
n=49) baseline impulse oscillometry test was performed to 
measure pulmonary functions.
Results: Baseline percent predicted value of R20 (p=0.025), R5-20 
(p=0.040), and Fres (p=0.018) were significantly increased in 
obese asthmatics than non-obese asthmatics. AX was also higher 
in obese asthmatics compared to non-obese asthmatics, however, 
the intergroup difference was insignificant (p=0.787). Percent 
predicted value of R5 (p=0.007) and R10 (p=0.017) were higher in 
atopic than non-atopic obese asthmatics. Percent predicted value 
of R5 was higher in exercise-intolerant than exercise-tolerant 
non-obese asthmatics (p=0.045). Additionally, R10 was higher in 
non-obese asthmatics who were exposed to household mold when 
compared with those without exposure to household mold 
(p=0.045). The z scores of BMI or weight were not correlated with 
any one of the IOS parameters (p>0.05). 
Conclusion: Main bronchial and peripheral airway resistance was 
higher in school-age obese asthmatics compared to non-obese 
asthmatics. Peripheral airway resistance was higher in atopic 
obese asthmatics as well as well as asthmatic children with 
exercise intolerance and household mould exposure.
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INTRODUCTION

Asthma and obesity are the two most common 
chronic diseases in children with increasing 
prevalence worldwide.1,2 The parallel increase in the 
prevalence of pediatric obesity and asthma suggests 
a possible association between them both in children 
and adults.3-6 Although, obesity-related asthma is 
thought to be a separate entity7, the underlying 
mechanisms in children have not been fully explained. 
Several studies are supporting that the risk of 
developing asthma symptoms increases as the body 
mass index (BMI) increases8-10 and asthma treatment 
responses can be affected by BMI.10,11 Moreover, in 

the presence of obesity, the severity of asthma, the 
risk of asthma exacerbation, rates of hospitalization, 
and drug use increase.8-9 

Spirometry is the most widely used method of 
analysis worldwide to evaluate pulmonary functions. 
It is quite difficult to apply this technique appropriately 
in young children because it requires high cooperation 
of the patient.12 Obesity is often associated with 
respiratory symptoms, but many patients also have 
normal spirometry results. A recent meta-analysis 
and some large-scale studies evaluated the 
differences between BMI and spirometry parameters, 
emphasizing that obese asthmatics have different 
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pulmonary function dynamics.13,14 

Spirometry is a very useful technique for measuring 
functions of the larger airways, but insufficient for 
reflecting airflow through smaller airways. In contrast, 
impulse oscillometry (IOS) can provide a rapid and 
reliable assessment of airway resistance and 
reactance.15,16 It is a new and alternative technique for 
evaluating pulmonary function tests in pediatric 
patients because it is an effort-independent method 
and requires minimal patient cooperation. It also 
helps in measuring airway resistance, determining 
chest wall reactance, and discriminating between 
central and peripheral airway functions.17,18

Some studies have used IOS to measure pulmonary 
functions in asthma, but there are not enough 
studies evaluating pulmonary functions of children 
with obesity co-existing asthma.19-21 Therefore, the 
purpose of this study was to assess the pulmonary 
function using IOS in school-age obese asthmatics 
and to compare it with that of non-obese 
asthmatics. 

MATERIALS AND METHODS

Study population
This retrospective cohort study was conducted 
between January 2020 and March 2020 at the 
tertiary referral hospital pediatric allergy and 
immunology clinic. Ninety-two children aged 
between 4 and 10 were included in the study. 
Participants did not have accompanying respiratory 
tract infections and all were receiving regular 
inhaled steroid therapy for at least three months. 
Children were assigned to two groups for IOS 
comparison: obese asthmatics (Group OA, n=43) 
and non-obese asthmatics (Group A, n=49). 

Definitions: 
Asthma: Definition of asthma was based on the 
Global Initiative for Asthma (GINA) guideline criteria: 
paroxysmal cough, wheezing, breathlessness, or 
chest tightness with either an increase in FEV1 of at 
least 12% or 200 mL after salbutamol administration 
or significant airway hyperresponsiveness.22 

Obesity: Obesity was determined based on gender 
and age-specific cut-off values of BMI recommended 

by the International Obesity Task Force.23 BMI was 
calculated using the formula weight (kg)/height2 (m). 
The z scores for BMI were calculated using the 
Turkish Children Growth Reference Centiles.24 The 
zBMI cut-off value for obesity was 1.90 kg/m2 for 
girls and 1.84 kg/m2 for boys (corresponding to BMI 
>30 kg/m2 in young adults). 

Atopy: Atopy was defined as a positive test result 
either by allergen-specific immunoglobulin E (sIgE) 
or skin prick test (SPT). Specific IgE value to common 
aeroallergens (Phadiotop) was defined as a positive 
value when it was above 0.35. Skin prick test positivity 
was defined as the presence of cutaneous reaction 
against common allergen(s) including Aspergillus 
fumigatus, Alternaria alterna, dust mite 
(Dermatophagoides pteronyssinus or 
Dermatophagoides farinae), cockroach mix, and 
grass mix. 

Exclusion criteria: 
Patients with a past and present history of chronic 
respiratory diseases other than asthma, chronic 
cardiac and neuromuscular disease, low birth weight/
preterm birth/neonatal mechanical ventilation, 
malignancy, immune deficiencies, connective tissue 
disease, acute respiratory disease in the previous 
four weeks, recent exacerbation of asthma, oral 
steroid use were excluded from the study.

Study design: 
Patients’ demographic characteristics, medical 
histories, clinical symptoms, physical examination 
findings, and laboratory parameters were recorded 
using a standard questionnaire investigating age, 
gender, personal or parental history of atopy, and 
environmental factors. Besides, allergen sIgE levels, 
SPT, and IOS measurement results were scanned 
from medical records.

All pulmonary function tests were performed in the 
respiratory laboratory of Pediatric Allergy and 
Immunology Department. The children were 
requested not to use short-acting beta-agonists for 8 
hours and antihistamines or anti-leukotriene 
medications for 72 hours before pulmonary function 
testing.25 

	
At least three acceptable IOS measurements were 
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taken by an experienced nurse, evaluating whether 
the IOS was appropriate and artificial for the entire 
duration of 30-second measurement.

Pulmonary Function Tests

Impulse oscillometry 
A Jaeger MasterScreen IOS system (CareFusion, 
Yorba Linda, CA, USA) was used to measure the 
input impedance of the respiratory system. This 
procedure was performed in line with the American 
Thoracic Society/European Respiratory Society 
guidelines.26 The main parameters included 
resistance (R5, R20), reactance (X5, X20), the 
frequency dependence of resistance calculated as 
the difference between resistance at 5 and 20 Hz 
(R5-R20, resistance at 5 Hz minus resistance at 20 
Hz), resonant frequency (Fres), and area under the 
reactance curve (AX). Higher frequencies of R 
(~20Hz), reflecting the larger airways, were regarded 
as resistance in central airways. Lower frequencies of 
R (~5 Hz) provided information about the integrity of 
(smaller and larger) airways. Peripheral (smaller) 
airway resistance was defined as R5-R20.26-28 
Acceptable variability was 15%.26 The coherence 
threshold was set to ≥0.6 at 5 Hz, and ≥0.8 at 20 Hz. 
The results for R5, R10, R20 were expressed as percent 
predicted values, and R5-20, AX, and Fres were 
expressed as crude values due to the lack of references. 
Baseline airway resistance (Rrs) and reactance (Xrs) at 
5Hz and 20 Hz, Fres, and AX were evaluated. 

Ethics
The study was approved by the local Research Ethics 
Committee (2020/213). 

Statistical Analysis
SPSS version 22.0 statistical software (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. For 
the estimates, significance was set at 5%, with a 
power of 80%, and 28 participants were considered 
sufficient for each group. Normality was assessed 
using the Kolmogorov- Smirnov test and descriptive 
statistics. Categorical variables were expressed as 
the number of cases and percentages. Continuous 
variables were expressed as mean values and 
standard deviations or median values and 
interquartile ranges (IQR-25 and 75 quartiles) 
depending on whether they were normally 

distributed. Nonparametric or parametric tests were 
performed accordingly. Comparisons of qualitative 
data were performed using the chi-square test, while 
comparisons of quantitative variables between non-
obese and obese asthmatics were performed using 
either the Student t-test or the Mann- Whitney U 
test. Alpha value was set at <0.05 for all tests.

RESULTS
	
Ninety-two children were initially included and all of 
them completed the study [(49 boys (53.8%)]. 
	
A comparison of demographic data between the 
Group A (n=49) and Group OA (n=43) is presented in 
Table 1. No difference was observed between the 
two groups in terms of age, gender, height, history of 
personal, and parental atopy, co-morbid allergic or 
chronic diseases, exposure to environmental factors, 
and atopy [sIgE or SPT positivity] (p>0.05). The 
weight and BMI were higher in obese asthmatics 
than non-obese asthmatics (p<0.001 and p=0.047, 
respectively). 

Baseline percent predicted R20 (p=0.025), R5-20 
(p=0.040), and Fres (p=0.018) were significantly 
increased in obese asthmatics than non-obese 
asthmatics. AX was also increased in obese asthmatics 
than non-obese asthmatics, however, intergroup 
difference was insignificant (p=0.787) (Table 2). 
However, there were no differences between genders 
in terms of age, zBMI score, or IOS parameters 
(p>0.05) (Data not shown).

Percent predicted value of R5 (p=0.007) and R10 
(p=0.017) were higher in atopic than non-atopic 
obese asthmatics. Percent predicted value of R5 was 
higher in exercise-intolerant than exercise-tolerant 
non-obese asthmatics (p=0.045). Additionally, R10 
was higher in non-obese asthmatics with household 
mold exposure than those without (p=0.045) (Data 
not shown). 

Correlation analysis between age and IOS 
parameters
The z scores of BMI or weight were not correlated 
with any one of the IOS parameters (p>0.05). 

Age was positively correlated with percent predicted 
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value of R20 (r=0.383, p=0.007) and X20 (r=0.418, 
p=0.003) but negatively correlated with R5-20 (r= 
-0.320, p=0.025) and Fres (r= - 0.420, p=0.003) in 
non-obese asthmatics. Similarly, age was positively 

correlated with percent predicted value of R20 
(r=0.559, p<0.001) and X20 (r=0.451, p=0.003) but 
negatively correlated with R5-20 (r= -0.471, p=0.002) 
and Fres (r= - 0.566, p<0.001) in obese-asthmatics.

Table 1. Comparison of demographic characteristics between the A group and OA group

Variable A group
(n=50)

OA group
(n=40)

p value

Age, (years)

Gender, (% male)

Height, (z score)

Weight, (z score)

BMI, (z score)

Personal atopy history, (n, %)

Parental atopy history, (n, %)

Comorbidities
Atopic diseases
Other chronic diseases

Exposure to environmental factors, (n, %)
Passive smoking
Household smoke
Pet
Household mould

Allergy test positivity, (n, %)
Allergen specific IgE
Skin prick test

7
(5-9)

24 (49%)

0.11
(-0.51-1.07)

0.16
(-0.65- 1.09)

-0.01
(-0.60-0.87)

18 (36.7%)

24 (50%)

30 (61.2%)
3 (6.1%)

20 (41.7%)
17 (35.4%)

4 (8.5%)
7 (14.6%)

10 (20.4%)
15 (30.6%)

7
(5-10)

25 (59.5%)

1.05
(0.05-1.68)

2.37
(2.0-3.02)

2.04
(2.0-2.55)

11 (26.2%)

13 (37.1%)

18 (43.9%)
5 (11.9%)

17 (47.2%)
12 (33.3%)
7 (19.4%)
8 (22.2%)

10 (23.8%)
9 (21.4%)

0.259

0.314

0.111

<0.001

0.047

0.282

0.245

0.101
0.463

0.612
0.842
0.196
0.366

0.282
0.339
0.329

Abbreviations: A group: asthma group, BMI: body mass index, IQR: interquartile range, OA group: obese asthma group, n: number, 
%: percentage

Table 2. Comparison of impulse oscillometry parameters between the A group and OA group

A group
(n=50)

OA group
(n=40)

p value

R5, (%)
R10, (%)
R20, (%)
R5-20, (kPa/L)
X5, (%)
X10, (%)
X20, (%)
Fres (Hz) 
AX (kPa/L)

104.79±21.95
104 (92-115)
107.26±17.62
28.34±18.39
82.85±35.10

133.18±76.92
-101.85±153.75
-135.10±33.94

1.56 (0.72-3.20)

104.16±17.98
103.5 (92.5-114.25)

110.04±20.31
36.85±20.64
79.83±36.19

125.26±107.0
-71.24±199.88
119.45±27.11

1.90 (0.76-2.50)

0.883
0.796
0.025
0.040
0.687
0.683
0.412
0.018
0.787

Abbreviations: A Group: asthma group, Hz: Hertz, kPa: kilopascal, L: liter, OA Group: obese asthma group, n=number, 
%: percent predictive value
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DISCUSSION

There are a few number of studies investigating the 
respiratory functions of school-age obese asthmatics 
in the literature. In this study, we assessed baseline 
airway resistance with reactance in school-age obese 
asthmatics and compared the data obtained with 
those for non-obese asthmatics. 

The main finding of the present study was that 
school-age obese asthmatics exhibited higher airway 
resistance than non-obese asthmatics. An increase 
in airway resistance was determined in both central 
and peripheral airways. Thus, we speculated that 
persistent peripheral airway may be a result of low 
functional residual capacity and alveolar collapse 
due to the mass effect of fat in obesity.

Although obesity is known to affect pulmonary 
function, study results remain controversial for 
children.29,30 Previous studies reported that BMI 
disproportionately impacts lung volumes and airflow 
among children.31,32 Mass load of obesity can increase 
abdominal pressure and decrease the recoil capacity 
of the chest wall and may contribute to distal airway 
closure and reduction in lung volume.33 The increased 
work of breathing and lower functional residual lung 
capacity may also be other possible causes.34 Besides 
the mechanical effects, fat mass may negatively 
affect respiratory dynamics by mediating a low-
grade chronic inflammation and obesity-related 
inflammatory mediators might exacerbate chronic 
airway inflammation.35 Other possible environmental 
factors are sedentary lifestyle, high-calorie diet 
intake and low antioxidant consumption.36 Some 
studies have reported that obese patients have 
higher airway resistance but no airway obstruction 
which is compatible with our results.37 However, 
more research is needed, particularly considering 
the mechanisms underlying the relationship between 
asthma and obesity.

In literature, few studies have investigated 
pulmonary functions using IOS in children with 
obesity or obesity and asthma, and the findings are 
inconclusive. In one prospective cross-sectional 
study, Assumpçao et al. investigated IOS parameters 
among 81 children aged six to 14 years, 21 
overweight, 30 obese, and 30 healthy controls. 

Percentage predicted values of impedance (Z5), 
resistance (R5), Fres, and AX representing airway 
obstruction were significantly higher in obese 
children than in the healthy controls.38 Kalhoff et al. 
evaluated pulmonary functions of 518 pre-school 
children using IOS. R5 and X5 were mildly elevated 
in obese children compared to IOS reference values, 
but IOS values were not associated with BMI.39 
Ekström et al. reported that persistent overweight 
and obesity were associated with small airway 
obstruction with higher R5–20 and AX.40 In another 
prospective study, pulmonary functions of 99 
children hospitalized for bronchiolitis before the 
age of six months were evaluated using IOS at six 
years of age. Any significant differences were not 
observed in responses to exercise or to 
bronchodilators between currently obese or 
overweight children and normal-weight children. 
However, seven obese children had higher post-BD 
impedance in the airways and higher R5 values 
compared to normal-weight children.19

In the present study, entire airway resistance 
(increased R5 and R10) was found to be higher in 
obese asthmatics with atopic sensitivity than that 
without atopic sensitivity. Similarly, high airway 
resistance was found in those with mold allergen 
sensitivity (increased R10) and those with exercise 
intolerance (increased R5). We speculate that atopy 
may modify pulmonary functions by increasing 
airway inflammation that results in airway 
hyperresponsiveness and remodeling. In this regard, 
it comes to mind that some obesity-related 
mechanisms might potentiate deterioration of 
pulmonary function. Supporting our findings, in 
previous studies, higher FeNO levels reflecting higher 
eosinophilic airway inflammation were measured in 
subjects with obesity.41

Besides, low-level chronic inflammation caused by 
obesity is associated with increased leptin levels.42 

Leptin acts with Th1 cell differentiation, TNF-a, IFN-
gamma, and IL-6 increase.43 Therefore, chronic low-
grade inflammation related to obesity may potentiate 
the effect of atopy on the deterioration of pulmonary 
functions in obese asthmatics more severely than 
that of non-obese asthmatics. 

Although airway resistance was found to be higher in 
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obese asthmatics, there was no correlation between 
BMI and IOS parameters. Some studies presence of 
any relationship between pulmonary functions and 
BMI.30,44 No effect of BMI on airway hyprereactivity 
was reported in a study conducted in more than 
1000 children with mild to moderate asthma who 
were followed up to adulthood in the USA and 
Canada in Childhood Asthma Management Program 
(CAMP study).45 Similarly, a prospective birth cohort 
study of more than 1000 children from New Zealand 
found no effect of BMI on AHR.46 However, these 
studies were carried out using spirometry and there 
is no large-scale population study using the IOS 
method. Therefore, new studies are needed on this 
subject.

The particular strengths of the present study were 
that pulmonary functions and airway inflammation 
were examined using noninvasive methods under 
observation by the same highly experienced nurse 
and physician in all cases. All patients were examined 
by pediatric allergy and endocrine specialists. 
Treatment-naive children were included in the study 
to prevent potential drug interaction. Pulmonary 
function tests were performed at the same time of 
the day to eliminate the effects of potential diurnal 
variation.

There were also some limitations to this study. BMI 
is not the gold standard in assessing body 
composition, which is more indicative of body size 
than fat mass and does not distinguish fat mass from 
lean mass. The findings of this study should be 
interpreted with caution since they cannot be used 
to infer causality between obesity and asthma due 
to its cross-sectional design. 

In conclusion, our findings have important 
implications for the interpretation of respiratory 
functions in school-age obese asthmatics. Obese 
asthmatics had higher airway resistance and 
measurements of pulmonary function using IOS 
appear to be more useful for an early 
understanding of the impact of obesity on lung 
functions of children with asthma. Our findings 
now need to be replicated in longitudinal studies 
of childhood obesity and asthma to shed further 
light on the complex interactions between the 
two entities.
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