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Abstract

Background: Change in airway resistance and inflammation are the two most commonly accused pathogenetic processes in
the coexistence of asthma and obesity. The aim of this study was to compare airway resistance between normal weight and
overweight/obese children using impulse oscillometry (IOS). Methods: We consecutively enrolled 3 to 10-year-old children with
asthma who presented to our department between May and August 2018. Ones with a body mass index percentile at or above
85th percentile were grouped as overweight/obese. Sociodemographic characteristics such as age, sex and family history of allergy
were recorded and Test for Respiratory and Asthma Control in Kids (TRACK) was filled in for all. Finally, impulse oscillometric
(IOS) measurements were taken. Results: We enrolled 170 subjects; among which 114 (67.1%) were normal weight while 56
(33%) were overweight/obese. Sociodemographic characteristics were not significantly different between the two groups, but
asthma control was significantly worse in the overweight/obese group (75.9±21.1 vs 85.9±17.8, p=0.001). Impulse oscillometric
measurements of resistance and reactance were nor significantly different between the two groups. Conclusion: Asthma control
in children who are overweight or obese are worse compared to the normal weight ones but, airway resistance and reactance
measured by IOS at different frequencies are not significantly different between these two groups. This implies that airway
resistance change may not the main pathogenetic mechanism underlying the uncontrolled asthma and obesity coexistence.

INTRODUCTION

Obesity and asthma commonly co-exist in children and obesity is related to more severe asthma as well
as deteriorated spirometric indices such as FEV11, 2. Cottrell et al have reported that asthma prevalence
shows a parallel increase with body mass index (BMI) indices3. Moreover, a prospective study in school
age children demonstrated that asthma prevalence increases with obesity4. There are many theories that
explain this co-existence; mechanical influences of obesity on the airway as depicted by the decreased FEV1
as mentioned above, chronic inflammation due to increased leptin and oxidative stress in obesity, hormonal
changes such as decreased progesterone leading to blunted beta-2 receptor response in obese individuals and
co-morbid conditions such as obesity5.

Impulse oscillometry (IOS) is a method that allows passive measurement of the airway mechanics of the
airways by using sound waves. The technique does not require cooperation and the measurements are taken
during tidal breathing. Airway resistance at different sound frequencies measure different parts of the airway.
Measurements at low frequencies reflects both the central and peripheral airways while measurement at higher
frequencies reflect the larger airways thus allowing prediction of the resistance and reactance of the small
airways which are known to be primary area of involvement in asthma6, 7.

The aim of this study was to compare airway resistance between normal weight and overweight/obese children

1
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using IOS.

MATERIALS AND METHODS

Study Design and Ethics

This cross-sectional study was approved by the Institutional Review Board of our University (number:
85252386-050.04.04). Informed consent was signed by all the parents.

Study Population

Asthmatic children aged three to 10 years, who presented to our clinic were enrolled consecutively. Asthma
was diagnosed according to GINA guidelines with recurrent bronchial obstruction findings and clinical or
lung function test reversibility with inhaled bronchodilator treatment8.

Inclusion Criteria were 1) age three to 10 years 2) diagnosed or followed up with asthma 3) no bronchodilator
use during the last one week. Exclusion criteria were 1) asthma exacerbation during the last one week 2)
diagnosis of CF, immunodeficiency or bronchiectasis that may change lung function tests 3) premature birth.

Sample size was calculated based on the R values of the IOS measurements; We expected to have a 1:3 ratio
of overweight: normal weight ratio in the group, when we predicted a standard deviation (SD) of 0.2 and
minimal effect size of 0.1, the sample size required was 168 to get a power of 80%.

Data Collection

Sociodemographic characteristics (age and sex), duration of asthma symptoms, allergic sensitization to in-
halant allergens, number of asthma exacerbations in the past year, use of inhaled steroids, smoking history
among the family members, family history of allergic diseases were recorded. Body weight and height mea-
surements were undertaken at presentation as well as IOS measurements. Test for Respiratory and Asthma
Control in Kids (TRACK) scores were recorded.

Skin Prick Testing For Inhalant Allergens

Skin prick tests were performed with Dermatophagoides Farinae, Dermatophagoides Pteron, Alternaria Teni-
us, Cat Epithelium, Olea, Plantago Lanceolata, Grasses Mix and Küchenschabe (Allergopharma, Germany).
A positive control (histamine 10 mg/ml Allergopharma, Germany) and a negative (saline) control according
to EAACI guidelines9.

Body Weight and Height Measurements

Body weights were measured with a digital scale and lengths were measured with a stadiometer (Seca,
Germany) that can measure between 80-200 cm. During weight measurement, clothes and shoes were removed
and shoes were removed during height measurement. Weight and height were measured by the pulmonary
function test nurse. CDC Growth Tables percentile grouping was used to evaluate the length and body
weight of the cases and the BMI percentages. Overweight and obese were defined as BMI over 85% and 95%
respectively10.

Impulse Oscillometric Measurements

Airway resistance measurements were performed with the Jager MasterScreen-IOS system (Jaeger Co, Wurz-
berg, Germany). The patients were seated and rested 15 minutes before the test. They were told to hold
the mouthpiece between their teeth and seal their lips around it tightly. Then they breathed calmly through
the mouthpiece and bacterial filter attached to the pneumotograph. Measurements were made while the
patients were in a sitting position, necks slightly extended. The subjects wore a nose clip and their cheeks
were supported by the parents. Several breathing cycles that lasted for at least 30 seconds were recorded11.
Three acceptable measurements were obtained for each subject and the mean of the values were taken.

Airway resistance (R / resistance) and elasticity capacity (X / reactance) are are measured at difference
frequencies and resistance (R5, R10, R15) and reactance (X5, X10, X15) values were recorded at frequencies

2
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of 5,10,15 and 20 Hz.

Test for Respiratory and Asthma Control in Kids

Test for Respiratory and Asthma Control in Kids (TRACK) was used to measure the asthma control. It
includes five items; frequency of symptoms during the past four weeks, nighttime awakenings due to symptoms
and activity limitation, bronchodilator use during the last three months, and oral corticosteroid use during
the past year. The score of each item ranges from 0-20 and the sum of these five scores gives the total score.
High scores indicate good disease control, while scores below 80 indicate potential breathing problems and
shall warn physicians12.

Statistical Analysis

Continuous variables such as age, resistance and reactance values of IOS measurement and TRACK scores
were summarized as mean± standard deviation (SD) while categorical variables such as gender, family
histories or allergic diseases and smoking were summarized as frequencies. Chi-square test was used to
compare categoric variables and Mann Whitney U test was used to compare continuous variables between
overweight and normal weight groups Statistical significance was defined as p<0.05.

RESULTS

Sociodemographic and Clinical Characteristics

We enrolled 170 consecutive subjects with asthma aged three to 10 who presented to our clinic. Among
these, 114 (67.1%) were of normal body weight while 56 (33%) were found to be overweight or obese. No
statistically significant difference was observed between sociodemographic characteristics such as age, sex,
gestational age at birth and birth weight (p = 0.64, p = 0.62, p = 0.36, p = 0.58 respectively) (Table 1).

Family history was remarkable for allergic diseases in 67,5% of the normal weight and 62.5% of the over-
weight/obese group (p=0.51). Smoking history among the family members was not significantly different
among the groups (61.1% in the normal weight vs 60.7% in the overweight/obese, p=0.96).

Clinical Characteristics

Among the normal weight and overweight/obese groups, frequency of inhalant allergen sensitization was
detected in 23.3.% and 21.6% respectively (p=0.84). The unplanned hospital admission due to asthma
exacerbation in the previous year was found to be 2.1 ± 2.5 in the normal weight and 2.3 ± 2.4 in the
overweight/obese groups (p = 0.59). Use of inhaled steroids at presentation were not significantly different
between the groups (91.2% in the normal weight and 94.6% in the overweight/obese groups respectively,
p=0.54). TRACK scores were significantly lower in the overweight/obese group compared to the normal
weight group (75.9±21.1 vs 85.9±17.8, p=0.001) (Table 1).

Impulse Oscillometry Results

Resistance measurements in the two groups at frequencies 5,10,15 and 20 were not significantly different
between the two groups (p=0.84, p=0.84, p=0.86, p=0.90 respectively). Similarly, reactance measurements
did not different between the groups (p=0.29, p=0.41, p=0.59, p=0.86 respectively) (Table 2).

DISCUSSION

The results of our study confirm the findings of previous studies that showed worse asthma control in children
who are overweight or obese compared to normal weight ones13-17. On the other hand, airway resistance and
reactance measured by IOS were not found to be significantly different between these two groups suggesting
a mechanism apart from airway resistance or caliber underlying the influence of obesity on asthma control.

Epidemiological studies have shown that obesity itself has a significant effect on respiratory function, and
some suggest that obesity is a risk factor for development of asthma13. While body mass index (BMI) has
been shown to have little effect on spirometry results, expiratory reserve volume and functional capacity are
decreased in obese people compared to normal weight people. Body mass index (BMI) has been shown to

3
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be negatively related to various lung volume measurements14. However, the relationship between overweight
and lung function in children is less clear despite observation of increased FVC and FEV1 in overweight and
obese children15,16. More recently, the aggregation of various cohorts from healthy and asthmatic children
and adolescents has confirmed that overweight or obesity is linked to higher than initial FVC, TLC and FEV1
and decreasing maximum flows and FEV1 / FVC17. In our study, we wanted to show the effect of obesity
on pulmonary resistance in asthmatic children. There are many studies investigating the effect of obesity on
spirometry in asthmatic children, but patient compliance is required for spirometry and interpretation may
be difficult in younger children. Therefore, we measured airway resistance by IOS that is a tidal breathing
method not requiring compliance, thus, allowing enrollment of younger children. We found that the differences
shown by spirometry in older age groups were not present in resistance and reactance values measured by
IOS. IOS measures airway impedance, which is a function of resistance and reactance, thus predicts about
the peripheral airway obstruction and detects inspiratory and expiratory changes in airway resistance in
asthmatic children7,18,19.

In adults, IOS was found to be correlated with spirometry results but was not found to be correlated with
asthma control20. Measurements of R5Hz and AX have been found to be more sensitive to bronchodilator
response compared to FEV1 values in children21. Similarly, in our study asthma control was significantly
worse in overweight/obese children but this was not reflected on the IOS measurements of resistence.

Obesity is associated with more severe asthma symptoms, poorer asthma control and poorer response to
asthma treatment. This has been attributed to many factors including but not limited to increased oxidative
stress, chronic inflammation and endothelial dysfunction22-24. Similar to these previous researches, our results
confirmed that asthma control is worse in overweight/obese children compared to normal weight ones.

Family history of allergic diseases is a well-known independent risk factor for development of asthma in the
child8,25. In our study, family history of allergic diseases or asthma was not significantly different between
normal weight and overweight/obese children. Lucas et al reported a higher rate of allergic sensitization in
obese children with asthma compared to normal weight ones26. However, we did not detect a significant
difference in the rate of allergic sensitization in normal weight and overweight/obese children suggesting that
the association between body weight and asthma is beyond increased inflammation related to obesity. This
difference might be related to the enrollement of overweight subjects as well obese subjects in our study.

Major limitation of this study is the lack of IOS normal for our population that precluded us from interpreting
the deviation of the two groups from normal. However, since we aimed to evaluate the effect of being
overweight or obese on airway resistance in asthma, we chose to compare overweight and normal weight
asthmatic children with each other. The second limitation is the cross-sectional design which precluded us
from seeing the change in resistance with change in time and weight.

One of the strengths of our study was the enrollment of young children, by the use of a tidal breathing
method, IOS, to measure airway resistance and reactance. IOS is a reliable method in young children who
can’t perform spirometry. Moreover, resistance and reactance measurements at different frequencies allowed
us to interpret about different parts of the airways.

In conclusion, asthma control in children who are overweight or obese are worse compared to the normal
weight ones but, airway resistance and reactance measured by IOS at different frequencies are not signifi-
cantly different between these two groups. This implies that airway resistance change may not be the main
pathogenetic mechanism underlying the uncontrolled asthma and obesity coexistence. Further cohort stud-
ies, looking at the change in resistance values with age and body mass index in children will provide further
insight about the relationship of obesity and airway resistance in asthmatic children.

IMPACT STATEMENT

Asthma control is worse in overweight and obese children, but this is not related to changes in airways
resistance. This finding prompts further research on inflammatory profiles in these children.
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Table 1. Sociodemographic and clinical characteristics of the study population grouped according to the
body mass index (BMI) percentile

BMI<85 P
N=114 BMI [?]85p N=56 p 95%CI*

Age ** 81.8±18.9 80.2±25.1 0.64**** -5.1-8.4
Birth wieght
(grams)**

3201.9±636.4 3260.9±675.3 0.58**** -268.5-150.6

Gestational age** 38.1±2.3 38.4±2.1 0.36**** -1.0-0.4
Age at asthma
diagnosis**

4.0±2.2 3.8±2.1 0.58**** -0.51-0.89

Asthma control
test score**

85.9±17.8 75.9±21.1 0.001**** 3.9-16.1

Birth type
(C/S)***

65(57.5) 41(73.2) 0.06*****

Sex (Male)*** 64(56.1) 34(60.7) 0.62*****

*95% confidence interval of the difference

**Expressed as mean±standard deviation

***Expressed as frequency(column percentage)

****Student’s t test

*****Fisher’s exact test

Table 2. Impulse oscillometry (IOS) measurement results of the study populaiton grouped according to the
body mass index (BMI) percentile

IOS
Measurements*

BMI<85 P
N=114 BMI [?]85p N=56 P** 95%CI***

Z5 1.16±0.26 1.18±0.25 0.58 -0.11-0.06
AX 2.58±1.36 2.58±0.96 0.96 -0.41-0.39
R5 1.12±0.26 1.13±0.20 0.84 -0.08-0.07
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IOS
Measurements*

BMI<85 P
N=114 BMI [?]85p N=56 P** 95%CI***

X5 -0.19±0.17 -0.22-0.14 0.29 -0.02-0.08
R10 0.94±0.18 0.94-0.17 0.84 -0.06-0.05
X10 -0.19±0.10 -0.20-0.07 0.41 -0.01-0.04
R15 0.86±0.16 0.86-0.16 0.86 -0.05-0.06
X15 -0.14±0.08 -0.14-0.06 0.59 -0.02-0.03
R20 0.78±0.15 0.78-0.18 0.90 -0.05-0.05
X20 -0.05±0.06 -0.05-0.04 0.86 -0.02-0.02

*Expressed as mean±standard deviation

**Student’s t test

***95% confidence interval of the difference
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