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Abstract
Background: The prevalence of asthma and obesity have increased over the last decades. A possible association
between these two chronic illnesses has been suggested, since the prevalence of asthmatic symptoms rises with
increasing Body Mass Index (BMI). However, asthma is only one of several possible causes of shortness of breath in
obese children. The aim of this study is to evaluate the prevalence of overtreatment with asthma medication in a
cohort overweight/obese children with respiratory symptoms visiting a pediatric outpatient clinic.
Methods: Children referred to a pediatric outpatient clinic aged ≥4- ≤ 18 years with overweight/obesity (defined as
BMI-sds > 1.1) and asthmatic symptoms were included. The diagnosis asthma was evaluated and classified in no,
unlikely, probable and confirmed asthma, based on clinical parameters and/or spirometry results. Overtreatment
was defined as asthma medication prescribed in participants classified as no or unlikely asthma. And
undertreatment as probable or confirmed asthma without asthma medication prescribed .
Results: Three hundred thirty-eight participants were included, of which 92.6% (313/338) had a prescription for
asthma medication. Overtreatment was observed in 27.2% (92/338) participants. Nine participants were
undertreated.
Conclusion: More than 25% overtreatment with asthma medication was observed in a cohort overweight/obese
children with asthmatic symptoms. This finding emphasizes that the diagnosis of asthma must be confirmed before
commencement of medication. The diagnosis of asthma should be based on standard questionnaires evaluating
asthmatic symptoms, lung functions test and regular reassessments. Further studies concerning overtreatment with
asthma medication in normal weight pediatric populations are warranted, to evaluate whether overtreatment is
specific for overweight/obese children.
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Background
Obesity and asthma are two major public health problems, affecting children and adults [1–3]. Asthma is diagnosed using a combination of clinical parameters and
lung function tests, and treated with β2-agonists and/or
Inhaled Corticosteroids (ICS) [4–6]. Spirometry is the
most used additional lung function test, which can be
reliable obtained from the age of 4–6 year [7].
Since the prevalence of asthma and obesity have increased over the last decades, a possible association
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between these two chronic illnesses is suggested [1–3, 8,
9]. However, literature is inconsistent on the etiology of
this association. It has been suggested that the risk on
developing asthmatic symptoms rises with increasing
Body mass index (BMI) [1–3]. In addition, some patients
demonstrate asthmatic symptoms which are more
difficult-to-control with increasing BMI, suggesting a
different phenotype [3, 8, 9]. Moreover, the response to
asthma medications might be influenced by BMI [3, 9,
10]. Several causes have been postulated to define the
higher prevalence of asthma and the altered response to
asthma medication in subjects with an increased BMI.
Firstly, a reduction in long volume (i.e. restriction), and
a reduction/disturbance in chest wall compliance due to
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fatty infiltration in the thoracic cage, abdomen, and
chest wall are suggested [1, 2, 11, 12]. In addition, due to
fat excess in the thoracic compartment there is an increased pulmonary blood volume, leading to impairment
of the pulmonary function [1]. Furthermore, on account
of an excess of adipose tissue, obesity is characterized by
a chronic low-grade systemic inflammation, which can
result in asthmatic symptoms [1, 12]. Lastly, overdiagnosis of asthma is increasingly suggested as cause for the
higher prevalence and differences in asthma medication
response, due to an enhanced perception of nonspecific
symptoms such as dyspnea [5, 11, 13–18].
Recently high prevalence of overdiagnosis of asthma in
children was reported, in primary healthcare centers in
the Netherlands [5, 17]. However, little is known about
the prevalence of overdiagnosis and consequently overtreatment of asthma in pediatric populations with overweight/obesity in pediatric outpatient clinics. Therefore,
the aim of this study is to evaluate the prevalence of
overtreatment with asthma medication in a cohort overweight/obese children with asthmatic symptoms visiting
a pediatric outpatient clinic.

Methods
Study design and subjects

This retrospective cross-sectional observational study
was approved by the Medical Ethical Committee of the
St. Antonius Hospital, Nieuwegein/Utrecht, the
Netherlands (W17.013), and performed in accordance
with the Helsinki Declaration of 1975, as revised in
2008. Need for written informed consent was formally
waived by the ethics committee as only data obtained
from routine clinical care were used and analyzed anonymously (W17.013). Patients who visited the pediatric
outpatient clinic of the St. Antonius Hospital, a
non-academic teaching hospital, referral centre for primary care physicians, centrally located in the
Netherlands, between January 2013 and July 2016 were
screened for the Diagnosis treatment combination code
(DBC code) “adipositas” and/or “asthma”. Patients aged
≥4- ≤ 18 years, with overweight/obesity, and ‘asthmatic
symptoms’, were included. A patient was considered as
having asthmatic symptoms if β2-agonist and/or ICS
were prescribed and/or diagnosis asthma was recorded
in the medical file. Patients with weight affecting disorders, chest wall abnormalities and incomplete data were
excluded. All potential participants were included once,
even if the potential participant had multiple DBC codes
due to multiple visits during the inclusion period.
Measurements

From electronic medical records demographics and anthropometric measurements (i.e. date of birth, sex, date
of intake or date of spirometry, prescribed asthma
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medication, height, and weight) were retrieved. In
addition, information on clinical asthma symptoms and
results of spirometry were gathered. Anthropometric
measurements had to be available from date of intake at
the pediatric outpatient clinic and/or within a range of
two months from the date of spirometry. Weight and
height were measured using a digital scale (Seca, Hamburg, Germany) with an accuracy of 0.05 kg and a digital
stadiometer with a precision of 0.1 cm (DGI 250D, De
Grood, Nijmegen, the Netherlands), respectively. BMI
and corresponding age and sex adjusted BMI standard
deviation score (BMI-sds), and height-sds were calculated using the TNO growth calculator for professionals
(https://groeiweb.pgdata.nl/calculator.asp). Patients were
classified as having overweight or obesity, according to
the national cut-off values for BMI-sds, defined as
BMI-sds > 1.1 and ≤ 2.3, and BMI-sds > 2.3, respectively
[19]. The national cut-off values are corresponding with
the cut-off values defined by the International Task
Force Obesity (IOTF) (= the World Obesity Federation)
and with the cut-off values defined by the Center of Disease Control and Prevention (CDC) [20, 21]. The IOTF
uses specific pediatric BMI equivalent of the adult
cut-off values for overweight (BMI > 25) and obesity
(BMI > 30) and the CDC uses the >85th (overweight)
and > 95th (obesity) percentile both for age and sex.
The diagnosis asthma was evaluated, based on data extracted out of medical files, by categorizing participants
into 4 groups (i.e. confirmed asthma, probable asthma,
unlikely asthma, no asthma), according to the definition
of Looijmans et al. [5]. The diagnosis asthma was considered as confirmed if participants ≥6 years of age had
recurrent dyspnea or wheezing, with reversible bronchial
obstruction confirmed by a pediatric specialist in clinical
outpatient setting and/or with spirometry. In participants < 6 years of age, who could not perform a spirometry, the diagnosis asthma was considered as confirmed
if they had recurrent dyspnea of wheezing, with reversible bronchial obstruction confirmed by a pediatric specialist in clinical outpatient setting. Participants were
considered as probable asthma if they had a suggestive
medical history and physical examination during an exacerbation, but spirometry was not performed or without significant reversibility. Or if participants had a
suggestive medical history and asthma medication was
prescribed chronically but no recent history of asthma
exacerbations (i.e. properly regulated asthma). Asthma
was considered unlikely if participants had no asthma
exacerbation, no prescription of ICS, and used no or
very little short acting β2-agonists with doubtful effect
on asthmatic symptoms such as dyspnea or wheezing.
No asthma was considered if the diagnosis was ruled out
by a pediatric specialist based on medical history, physical examination, and/or lung function tests.
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Overdiagnosis and consequently overtreatment was
defined as asthma medication prescribed (reliever and or
ICS) in participants classified as unlikely asthma or no
asthma [5]. Underdiagnosis and consequently undertreatment was defined as no prescribed asthma medication in participants classified as probable or confirmed
asthma [5]. A diagnosis asthma based on clinical symptoms and/or suggestive medical history will be referred
to as clinical diagnosis.
All spirometries in the St. Antonius Hospital, conducted from the age of 4 years onwards, were performed
according to the European Respiratory Society (ERS)
guidelines under supervision of a specialized laboratory
assistant. Only technically well performed spirometries
were evaluated. The first performed spirometry was
used, however, when technically inadequate, results of a
subsequent spirometry were obtained. Spirometries with
uncertain reliability were blinded, and thereafter assessed
for verification by a pediatric pulmonologist. In case of
short acting β2-agonists use as standard treatment,
medication was withheld for at least 8 h before the test
and long acting β2-agonists for at least for 24 h, respectively. According to the standard procedure spirometry of
the St. Antonius Hospital, maintenance therapy with ICS
was allowed to be continued. Values obtained from spirometries were: Forced Vital Capacity (FVC) and Forced
Expiratory Volume in one second (FEV1), both recorded
before and after medication administration (β2-agonist)
in order to assess reversibility. Values were recorded in
litres and converted to percent of predicted values and
Z-scores, adjusted for age, length, gender and ethnicity,
using the Excel Individual Calculator of the Global
Lungs Initiative 2012 (GLI-2012) [22]. Since ethnicity
was not standard documented, all participants were categorized as Caucasian. For accurate interpretation of the
spirometry values age and height were noted with a precision of one decimal, since 1% discrepancy in height led
to deviations in FEV1 and FVC of 2.1–2.4% in the
GLI-2012 [23, 24]. Reversible airflow obstruction, and
thereby a positive spirometry, was defined as an increase
in percentage of predicted FEV1 (adjusted for age,
length, gender, ethnicity) of ≥12% after administration of
400 mcg of salbutamol [4–6, 25].
Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics, version 24 (IBM SPSS Statistics, Chicago, IL,
USA). Normally distributed continuous parameters were
reported as mean ± standard deviation and nonparametric continuous parameters as median with range. Categorical data were expressed as frequencies with
percentage. To compare baseline characteristics between
the 4 asthma subgroups the Kruskal Wallis test was used
to compare continuous variables, and the Chi-squared
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test for categorical data. A α-level of 5% was considered
significant for all statistical tests.

Results
Figure 1 shows that in total 2453 DBC codes “adiposity”
and/or “asthma” were identified and considered for inclusion. For various reasons, 2115 patients were excluded. Of the 338 patients included, 67.5% (228/338)
had overweight and 32.5% (110/338) obesity.
Table 1 shows the baseline characteristics of the total
population with a median age of 8.9 years, and a
BMI-sds of 1.99. Asthma medication (short acting
β2-agonists and/or ICS) was prescribed in 92.6% (313/
338) of the participants, and spirometry was performed
in 74.3% (251/338).
Table 2 shows the characteristics of participants according to the categorization of asthma diagnosis. No
significant differences were observed between the four
subgroups in age, sex, height, weight, BMI-categories, or
amount of performed spirometries. By definition, significant differences were observed in clinical diagnosis,
positive spirometries, and medication prescribed.
In total 32% (108/338) of the participants were classified as no asthma or unlikely asthma. In this group
asthma medication was prescribed in 85.2% (92/108) of
the participants. ICS was prescribed 32.6% (30/92). According to the used definition 27.2% (92/338) overtreatment with asthma medication was observed in this
cohort. Of the 68.0% (230/338) participants classified as
probable or confirmed asthma, asthma medication was
prescribed in 96.1% (221/230). However, in 3.9% (9/230)
of the participants with probable or confirmed asthma
no asthma medication was prescribed and were therefore by definition undertreated. Participants with probable or confirmed asthma had in most cases a clinical
diagnosed asthma (97.4%; 224/230). Spirometry confirmed asthma was observed in 17.4 (40/230). Six (15%)
participants with positive spirometry did not have a clinical diagnosis.
No significant differences were observed in overtreatment prevalence between children with overweight and
obesity (26.3% vs. 29.1%, p = 0.793).
Discussion
The prevalence of asthmatic symptoms and consequently the use of asthma medication rises with increasing BMI [1–3, 8, 9]. Several causes for this higher
prevalence of asthma in patients with obesity have been
postulated, such as lower vital capacity and restrictive
lung function patterns, chronic low-grade systemic inflammation, and overdiagnosis [5, 11, 13–18]. The aim
of this study was to evaluate the prevalence of overtreatment with asthma medication in overweight/obese children at a pediatric outpatient clinic.
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Fig. 1 Flowchart of the study population

Table 1 Baseline characteristics of the total population n = 338
Age (years)

8.9 (5.4)

Male n (%)

209 (61.8)

Height (cm)

136.9 (99.5–196)

Height-sds

0.02 (−2.95–2.65)

Weight (kg)

39.3 (15.7–127.0)

BMI (kg/m2)

20.63 (16.65–39.81)

BMI-sds

1.99 (1.11–5.24)

BMI-categories
- Overweight

228 (67.5)

- Obesity

110 (32.5)

Spirometry performed

251 (74.3)

Prescribed asthma medication

313 (92.6)

- β2-agonists

100 (29.6)

- ICS

38 (11.2)

- Both

175 (51.8)

- No

25 (7.4)

Data presented as number (%) or median with range, age presented as
median with interquartile range. Sds standard deviation score, BMI body mass
index, ICS Inhaled Corticosteroids

In this study in more than 25% of the children with
overweight/obesity asthma medication was prescribed
without a confirmed or probable diagnosis of asthma.
Overtreatment is consequently the result of overdiagnosis.
In literature high prevalence of overdiagnosis and thereby
overtreatment has been reported in both non-obese and
obese adults, and children [5, 13, 17]. Two recent studies
performed in primary healthcare centers in the
Netherlands, reassessed whether the asthma diagnosis in
children was given correctly and whether pharmacological
asthma therapy was indicated [5, 17]. Both studies evaluated the validity of registered asthma diagnosis based on
information on asthma-related characteristics reported in
medical files such as (episodic) wheezing, dyspnea, cough,
family history for atopic diseases, sensitivity for
non-specific irritants, allergy test, and reversibility in pulmonary function test [5, 17]. Based on an algorithm of
combination of symptoms, Pauwelse classified patients
into probable asthma, unlikely asthma, and insufficient
data for the diagnose asthma [5, 17]. Looijmans classified
patients as confirmed, probable, unlikely, and no asthma

Lentferink et al. BMC Pediatrics

(2019) 19:148

Page 5 of 8

Table 2 Baseline characteristics according to categorization of asthma diagnosis n = 338
No n = 64 (18.9)

Unlikely n = 44 (13.1)

Probable n = 168 (49.7)

Confirmed n = 62 (18.3)

P-value

Age (years)

8.8 (4.2–16.2)

8.5 (4.1–17.1)

9.5 (4.2–16.9)

7.8 (4.0–17.7)

0.119

Male n (%)

34 (53.1)

27 (61.4)

108 (64.3)

40 (64.5)

0.444

Height (cm)

135.5 (103.3–178.5)

135.2 (104.8–177.1)

139.0 (105.0–196.6)

132.2 (99.5–178.6)

0.226

Height-sds

0.03 (−2.95–1.82)

0.24 (−1.75–2.57)

−0.09 (− 2.37–2.65)

0.10 (− 2.23–1.51)

0.433

Weight (kg)

40.9 (19.2–80.6)

35.8 (18.6–85.4)

40.2 (19.1–103.0)

35.9 (15.7–127.0)

0.212

BMI (kg/m2)

21.06 (16.72–30.22)

20.36 (16.65–30.17)

20.84 (16.65–36.35)

19.89 (17.76–39.81)

0.369

BMI-sds

2.09 (1.11–4.23)

1.97 (1.13–4.36)

1.96 (1.11–5.24)

1.93 (1.11–4.19)

0.663

BMI-categories

0.905

- Overweight

41 (64.1)

29 (65.9)

115 (68.5)

43 (69.4)

- Obesity

23 (35.9)

15 (34.1)

53 (31.5)

19 (30.6)

Spirometry

43 (67.2)

28 (63.6)

131 (78.0)

49 (79.0)

0.101

Reversibility ≥12%

–

–

–

40 (64.5)

< 0.001

Clinical diagnosis

–

–

168 (100)

56 (90.3)

< 0.001

Clinical diagnosis and reversibility ≥12%

–

–

–

34 (54.8)

< 0.001

25 (39.1)

37 (84.1)

24 (14.3)

13 (21.0)

Prescribed asthma medication n (%)
- β2-agonist

< 0.001

- ICS

4 (6.3)

–

20 (11.9)

14 (22.6)

- Both

26 (40.6)

–

116 (69.0)

34 (54.8)

- No

9 (14.1)

7 (15.9)

8 (4.8)

1 (1.6)

Data presented as number (%) or median with range. BMI body mass index, sds standard deviation score, ICS Inhaled Corticosteroids

[5, 17]. In addition, it was documented which asthma
characteristics were most frequently reported to support
the diagnosis asthma [5, 17]. They showed a prevalence of
overdiagnosis and thereby overtreatment up to 53.2% [5,
17]. Erroneous asthma diagnosis occurred significantly
more often in children before the age of 6 years, in which
the diagnosis was in most cases exclusively based on one
or two episodes of wheezing and/or dyspnea [17]. This
underlines the need for regularly reassessment of the diagnosis in children, especially since it is suggested that asthmatic symptoms may decrease with increasing age [13]. In
a community based study in children from Toronto
Canada a high prevalence of asthma overdiagnosis was observed as well [26]. Only 53% of the children with a clinical diagnosis asthma fulfilled the criteria to confirm the
diagnosis asthma (i.e affirmative clinical diagnosis by
asthma expert physician and observed reversible airway
obstruction) [26]. Since this number is in concordance
with the results in primary care health centers from the
Netherlands, we assume that the prevalence of asthma
diagnosis in children in other countries will be comparable. Also in adults, high prevalence of overdiagnosis has
been observed in individuals with and without obesity
(31.8 vs. 28.7%) [13]. The suggestion that the association
between asthma and obesity is caused by enhanced perception of “asthmatic” symptoms could not be confirmed
in that study, since no difference between obese and
non-obese individuals was observed [13]. We did not

observe any differences in prevalence of overtreatment between children with overweight and obesity, possibly because differences in BMI-sds were too small. However,
since we only included patients with overweight/obesity
no pronunciations can be made whether there are differences in overtreatment between children with overweight/
obesity in comparison with children with normal weight.
The prevalence of overtreatment observed in the current
study corresponds with the adult study [13], but is lower
than that of the studies performed in the general practice
[5, 17], which might be caused by differences in study design and population. Our population was recruited from a
pediatric outpatient clinic, a referral center for patients
from primary health care centers with more severe or
therapy resistant asthma. This explains the high prevalence (> 90%) of asthma medication prescribed and
thereby less undertreatment. In addition, we evaluated the
diagnosis of asthma after the first visit at the pediatric outpatient clinic, in contrast with the studies performed in
the primary healthcare centers, and our population was
younger (8.9 vs. 10.7 years). Hereby a possible decrease of
asthmatic symptoms over the years could not be take into
account, causing possibly a relative underestimation of
overtreatment in our population. In this study the diagnosis of asthma was not re-evaluated. Re-evaluation of patients enrolled at 4–6 years of age might have been of
added value, since the diagnosis at this age might be influenced by subjective assessment by the attending physician
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and may have led to bias. Since the diagnosis asthma was
only evaluated after the first visit at the pediatric outpatient clinic, the final diagnosis of patients classified as
unlikely or no asthma were not studied. However, several
theories why overtreatment may be more prevalent in
populations with overweight/obesity are postulated, which
could also apply to our population. Subjects with overweight/obesity might report asthma-like symptoms, which
could be caused by a poor physical condition, or due to effort limitation caused by the overweight/obesity itself [13,
18]. In addition, reduced chest wall compliance, due to fat
infiltration, results in reduced lung volumes and increased
work of breathing and increased energy and oxygen cost
of breathing [13]. This could all mimic true asthmatic
symptoms, whereby a clinical diagnosis asthma is made
more easily.
There are obvious consequences associated with overdiagnosing asthma. This includes the lost opportunity to
investigate and/or treat the true cause of respiratory
symptoms properly, potential exposure to adverse effects
of asthma medications [27], the cost of asthma medications, and the social consequences and psychological impact being labeled with a chronic respiratory disease
[13]. In children the diagnosis is mainly based on clinical
parameters and treatment is frequently started on an
empirical basis, although additional lung function tests
are recommended [4, 27, 28]. This was also observed in
the current study, since 97.4% of the participants diagnosis asthma was based on clinical parameters, and only
17.4% confirmed by spirometry. A recent study showed
that in adults with morbid obesity the use of additional
lung function test is necessary to confirm or to exclude
the diagnosis asthma, due to prevalence of asthma-like
symptoms [18]. The use of additional lung function test
in children with overweight/obesity seems therefore useful to give an accurate diagnosis and to prevent overdiagnosis and thereby overtreatment with asthma
medication. Moreover, regular reassessment of the diagnosis in children seems warranted since asthma can
change over time and be outgrown. On the other hand,
undertreatment could even be more harmful, since it
might increase the risk on asthma exacerbations, decrease quality of life and limit children’s exercise capacity due to asthma symptoms during exercise and
sports. In our population nine participants had a probable or confirmed asthma, but no prescription for
asthma medication. Since it is known that asthma also
may interfere with exercise, it is of great importance to
optimize asthma treatment in those with overweight/
obesity and true asthma.
The FEV1/FVC ratio (Tiffaneau index), commonly
used in adults to diagnose asthma, changes with age and
is therefore a less reliable value in children [6, 24, 29]. In
young children this ratio can be as high as 0.96, so use
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of the commonly used fixed ratio of 70% will substantially underestimate airflow limitation [4, 6, 24, 29]. To
confirm the diagnosis asthma through spirometry, we
therefore defined reversible airflow obstruction as an increase of percentage predicted FEV1 of ≥12% [4–6, 25].
However, a substantial part of children with asthma, do
not meet the criteria of ≥12% reversibility, nor have
signs of airflow limitation [4]. Therefore, asthma guidelines advise to use both clinical symptoms and additional
lung function tests to ensure an accurate diagnosis, taking the variable expression of asthmatic symptoms into
account [4, 6, 25]. However, in patients with obesity an
enhanced perception of nonspecific symptoms such as
dyspnea and decreased exercise performance are reported, which may easily lead to overdiagnosis and subsequent overtreatment, especially when clinical
symptoms predominate as the basis for the diagnosis
[11, 13–16].
Limitations

In this single center study we evaluated whether asthma
treatment was preceded by an established asthma diagnosis based on international guidelines. We focused on
children at a pediatric outpatient clinic with obesity/
overweight and asthmatic symptoms, a population which
was not previously evaluated according to the authors’
knowledge. However, certain limitations due to the
retrospective study design must be considered. Some potentially eligible individuals could not be included in the
study, which have led to a reduction in population size,
because their asthma was regulated in primary healthcare centers. Therefore important characteristics such as
height, weight, medication use, and spirometry values at
time the diagnosis asthma was considered, were often
incomplete or missing. Moreover, due to the absence of
a standard questionnaire to evaluate asthmatic parameters during the intake at the outpatient clinic, the diagnosis of asthma of the participants could be based on
different combinations of parameters and be influenced
by subjective assessment by the attending physician
which is especially of importance in children under the
age of 6 years. Consequently, some children were diagnosed with asthma on less parameters than others, leading to under or overestimation of overtreatment. On the
other hand, overdiagnosis could also be overestimated
since asthmatic symptoms in medical records are not always described in detail. In addition, not all participants
underwent a spirometry as standard care, and additional
lung function test such as the histamine or methacholine
challenge test could not be taken into account since this
was only conducted in only a few participants. Spirometry results were converted into age, height and sex adjusted percent of predicted values using the GLI-2012
[22], however, no clear correction could be made for
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ethnicity since this was not standard recorded in medical
files. All participants were classified as Caucasian, since
this is the predominant ethnicity of patients visiting our
pediatric outpatient clinic. This might have influenced
the results, however most variability in GLI is observed
in African Americans and South East Asians [30], who
are hardly seen at our pediatric outpatient clinic.
Furthermore, underlying pulmonary disease, such as
chronic inflammation, bronchopulmonary dysplasia due
to par example premature birth were not taken into account. Lastly, several other causes such as restrictive
lung disease and chronic low-grade systemic inflammation have been postulated to explain the higher prevalence of asthmatic symptoms in overweight/obese
patients, leading to overdiagnosis of asthma. However, in
this retrospective cross-sectional observational study
these causes were not evaluated in the 92 patients, who
were classified as unlikely or no asthma.

Conclusion
More than 25% overtreatment with asthma medication
was observed in a cohort overweight/obese children with
asthmatic symptoms. This emphasizes that the diagnosis
of asthma must be confirmed before commencement of
medication. The diagnosis of asthma should be based on
standard questionnaires evaluating asthmatic symptoms,
lung functions test and regular reassessments. Further
studies concerning overtreatment with asthma medication in normal weight pediatric populations are warranted, to evaluate whether overtreatment is specific for
overweight/obese children.
Abbreviations
BMI: Body Mass Index; DBC: Diagnosis treatment combination; FEV1: Forced
Expiratory Volume in one second; FVC: Forced Vital Capacity; GLI: Global lung
initiative; ICS: Inhaled Corticosteroids; sds: Standard deviation score
Acknowledgements
Not applicable.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
YL has collected study data, analyzed the data and wrote the manuscript. NB
collected study data and revised the manuscript. WB was involved in the
methodology of the study, verified uncertain spirometries and revised the
manuscript. CK was involved in the conception and design of the study and
revised the manuscript. MVDV was involved with conception and design of
the study, supervised data collection, revised the manuscript, and is the
guarantor of this work and, as such, had full access to all data in the study
and takes responsibility for the integrity of the data and accuracy of the data
analysis.All authors read and approved the final manuscript.
Ethics approval and consent to participate
This retrospective cross-sectional observational study was approved by the
Medical Ethical Committee of the St. Antonius Hospital, Nieuwegein/Utrecht,

Page 7 of 8

the Netherlands (W17.013), and performed in accordance with the Helsinki
Declaration of 1975, as revised in 2008. Need for written informed consent
was formally waived by the ethics committee as only data obtained from
routine clinical care were used and analyzed anonymously (W17.013).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Pediatrics, St Antonius Hospital, P.O. Box 2500 3430, EM,
Nieuwegein, The Netherlands. 2Department of General Practitioners, Leiden
University, P.O. 9600, 2300 RC, Leiden, The Netherlands. 3Department of
Clinical Pharmacy, St Antonius Hospital, P.O. Box 2500 3430, EM, Nieuwegein,
The Netherlands.
Received: 6 October 2017 Accepted: 2 May 2019

References
1. Chen YC, Dong GH, Lin KC, Lee YL. Gender difference of childhood
overweight and obesity in predicting the risk of incident asthma: a
systematic review and meta-analysis. Obes Rev. 2013;14(3):222–31.
2. Egan KB, Ettinger AS, Bracken MB. Childhood body mass index and
subsequent physician-diagnosed asthma: a systematic review and metaanalysis of prospective cohort studies. BMC Pediatr. 2013;13:121–2431-13-121.
3. Novosad S, Khan S, Wolfe B, Khan A. Role of obesity in asthma control, the
obesity-asthma phenotype. J Allergy (Cairo). 2013;2013:538642.
4. James DR, Lyttle MD. British guideline on the management of asthma:
SIGN clinical guideline 141, 2014. Arch Dis Child Educ Pract Ed. 2016;
101(6):319–22.
5. Looijmans-van den Akker I, van Luijn K, Verheij T. Overdiagnosis of asthma
in children in primary care: a retrospective analysis. Br J Gen Pract. 2016;
66(644):e152–7.
6. Bindels PJE, Van de Griendt EJ, Grol MH, Van Hensbergen W, Steenkamer
TA, Uijen JHJM, Burgers JS, Geijer RMM, Tuut MK. Dutch College of General
Practitioners Guideline on asthma management in children (third revision).
Huisarts & Wetenschap. 2014;57(2):70–80.
7. Borrego LM, Stocks J, Almeida I, Stanojevic S, Antunes J, Leiria-Pinto P,
Rosado-Pinto JE, Hoo AF. Bronchodilator responsiveness using spirometry in
healthy and asthmatic preschool children. Arch Dis Child. 2013;98(2):112–7.
8. Beuther DA, Weiss ST, Sutherland ER. Obesity and asthma. Am J Respir Crit
Care Med. 2006;174(2):112–9.
9. Forte GC, Grutcki DM, Menegotto SM, Pereira RP, Dalcin Pde T. Prevalence
of obesity in asthma and its relations with asthma severity and control. Rev
Assoc Med Bras (1992). 2013;59(6):594–9.
10. Borrell LN, Nguyen EA, Roth LA, Oh SS, Tcheurekdjian H, Sen S, Davis A,
Farber HJ, Avila PC, Brigino-Buenaventura E, Lenoir MA, Lurmann F, Meade
K, Serebrisky D, Rodriguez-Cintron W, Kumar R, Rodriguez-Santana JR, Thyne
SM, Burchard EG. Childhood obesity and asthma control in the GALA II and
SAGE II studies. Am J Respir Crit Care Med. 2013;187(7):697–702.
11. Melo LC, Silva MA, Calles AC. Obesity and lung function: a systematic
review. Einstein (Sao Paulo). 2014;12(1):120–5.
12. Chih AH, Chen YC, Tu YK, Huang KC, Chiu TY, Lee YL. Mediating pathways
from central obesity to childhood asthma: a population-based longitudinal
study. Eur Respir J. 2016;48(3):748–57.
13. Aaron SD, Vandemheen KL, Boulet LP, McIvor RA, Fitzgerald JM, Hernandez
P, Lemiere C, Sharma S, Field SK, Alvarez GG, Dales RE, Doucette S,
Fergusson D. Canadian respiratory clinical research consortium:
Overdiagnosis of asthma in obese and nonobese adults. CMAJ. 2008;
179(11):1121–31.
14. Boulet LP. Asthma and obesity. Clin Exp Allergy. 2013;43(1):8–21.
15. Forno E, Weiner DJ, Mullen J, Sawicki G, Kurland G, Han YY, Cloutier MM,
Canino G, Weiss ST, Litonjua AA, Celedon JC. Obesity and airway Dysanapsis
in children with and without asthma. Am J Respir Crit Care Med. 2016.

Lentferink et al. BMC Pediatrics

(2019) 19:148

16. Sah PK, Gerald Teague W, Demuth KA, Whitlock DR, Brown SD, Fitzpatrick AM.
Poor asthma control in obese children may be overestimated because of
enhanced perception of dyspnea. J Allergy Clin Immunol Pract. 2013;1(1):39–45.
17. Pauwelse M, van der Meer V, van den Boogaard M, Hugen C, Merkus P, van
den Bemt L. Astma bij kinderen: Hoe zeker is de diagnose. Huisarts &
Wetenschap. 2015;58(8):402–5.
18. van Huisstede A, Castro Cabezas M, van de Geijn GJ, Mannaerts GH, Njo TL,
Taube C, Hiemstra PS, Braunstahl GJ. Underdiagnosis and overdiagnosis of
asthma in the morbidly obese. Respir Med. 2013;107(9):1356–64.
19. Hirasing RA, Fredriks AM, van Buuren S, Verloove-Vanhorick SP, Wit JM.
Increased prevalence of overweight and obesity in Dutch children, and the
detection of overweight and obesity using international criteria and new
reference diagrams. Ned Tijdschr Geneeskd. 2001;145(27):1303–8.
20. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs
for thinness, overweight and obesity. Pediatr Obes. 2012;7(4):284–94.
21. Preventive Services Task Force US, Grossman DC, Bibbins-Domingo K, Curry SJ,
Barry MJ, Davidson KW, Doubeni CA, Epling JW Jr, Kemper AR, Krist AH, Kurth
AE, Landefeld CS, Mangione CM, Phipps MG, Silverstein M, Simon MA, Tseng
CW. Screening for obesity in children and adolescents: US Preventive Services
Task Force recommendation statement. JAMA. 2017;317(23):2417–26.
22. Stanojevic S. GLI-2012 Excel Individual Calculator GLI-2012 Excel Individual
Calculator GLI-2012 Excel Individual Calculator GLI-2012 Excel Individual
Calculator; 2014.
23. Langhammer A, Johannessen A, Holmen TL, Melbye H, Stanojevic S, Lund
MB, Melsom MN, Bakke P, Quanjer PH. Global lung function initiative 2012
reference equations for spirometry in the Norwegian population. Eur Respir
J. 2016;48(6):1602–11.
24. Quanjer PH, Hall GL, Stanojevic S, Cole TJ, Stocks J, Global Lungs Initiative.
Age- and height-based prediction bias in spirometry reference equations.
Eur Respir J. 2012;40(1):190–7.
25. GINA: Pocket guide for asthma Managment and prevention. 2017:.
26. Yang CL, Simons E, Foty RG, Subbarao P, To T, Dell SD. Misdiagnosis of
asthma in schoolchildren. Pediatr Pulmonol. 2017;52(3):293–302.
27. Busi LE, Restuccia S, Tourres R, Sly PD. Assessing bronchodilator response in
preschool children using spirometry. Thorax. 2016.
28. Pijnenburg MW, Baraldi E, Brand PL, Carlsen KH, Eber E, Frischer T, Hedlin G,
Kulkarni N, Lex C, Makela MJ, Mantzouranis E, Moeller A, Pavord I, Piacentini
G, Price D, Rottier BL, Saglani S, Sly PD, Szefler SJ, Tonia T, Turner S, Wooler
E, Lodrup Carlsen KC. Monitoring asthma in children. Eur Respir J. 2015;
45(4):906–25.
29. Stanojevic S, Wade A, Stocks J, Hankinson J, Coates AL, Pan H, Rosenthal M,
Corey M, Lebecque P, Cole TJ. Reference ranges for spirometry across all
ages: a new approach. Am J Respir Crit Care Med. 2008;177(3):253–60.
30. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, Enright PL,
Hankinson JL, Ip MS, Zheng J, Stocks J, ERS Global Lung Function Initiative.
Multi-ethnic reference values for spirometry for the 3-95-yr age range: the
global lung function 2012 equations. Eur Respir J. 2012;40(6):1324–43.

Page 8 of 8

