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Abstract
Background: Many studies have documented a link be-
tween overweight and asthma in children with contradic-
tory results regarding the best way to measure overweight. 
Moreover, often, the dynamic development of atopy, over-
weight, and asthma is controlled for age dependency insuf-
ficiently. Objective: This study assesses and compares the 
associations of overweight measured as waist circumfer-
ence, waist to height ratio (WHtR), neck circumference, and 
body mass index with the occurrence of asthma – best pos-
sibly controlling for age-dependencies of these parameters. 
Methods: From a sample of 2,511 children aged 6–17 years, 
we matched 157 children with asthma with 2 controls (n = 
471) according to age and atopy status and performed con-
ditional logistic regression analyses. We further investigated 
the role of known influencing factors of asthma occurrence. 
Results: In children with atopy, all overweight proxies were 
consistently positively associated with asthma. Statistical 
significance was reached for WHtR-SD score (OR 1.26, 95% CI 
1.03–1.54, p = 0.025) and persisted when further covariates, 
such as birth weight or social status, were added to the mod-
el. Groups of atopic versus nonatopic participants do not dif-

fer in levels of interleukin-6 or high-sensitivity C-reactive 
protein. Conclusion: In our cohort, overweight seems to car-
ry a risk for asthma only if accompanied with atopy. We call 
for more strict age matching in pediatric cohort studies and 
longitudinal studies for a better understanding for causal 
links of overweight, atopy, and asthma.

© 2019 S. Karger AG, Basel

Introduction

Anthropometric measurements are essential and reg-
ularly applied tools for physicians, especially in child 
care. As asthma is one of the most prevalent diseases in 
childhood [1], it seemed compelling to predict asthma 
severity better by additional measurements of waist or 
neck circumference (WC, NC) as suggested by results of 
earlier studies [2, 3]. Usually, overweight is measured in 
body mass index (BMI) and was shown to be associated 
with asthma in a multitude of studies [4], even though 
usage as a proxy for overweight remains disputed [5]. 
Anthropometry seems promising in discriminating indi-
viduals with overweight, also given that asthma therapy 
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stratified by weight status (based on BMI) yielded con-
flicting results [6–8].

Studies on the association of overweight, atopic dis-
eases, and asthma do acknowledge age dependency of the 
overweight and asthma incidences, but only controlled 
for a linear effect of age in multivariable analyses [9, 10], 
which might be a too strong statistical assumption. Forno 
et al. [11] report inverse relationships in the interplay of 
asthma, adiposity, and atopy for different age groups (8–
19 vs. 20–69 years of age) also pointing out the signifi-
cance of age while exploring the association of adiposity 
and asthma in atopic versus nonatopic study subjects. As 
a recent review stresses the importance of controlling for 
age and interdependent variables, it is not surprising that 
even the currently much discussed subtype of obese-asth-
ma is said to differ in phenotypes between children and 
adults [12, 13]. In a recent cohort study of children, all 
aged 6 years, objective information on atopy status to dis-
tinguish participants with overweight and asthma was 
not available [14].

We thus sought to examine whether children with 
overweight are at a higher risk of asthma in our cohort 
study, aiming for the best possible exclusion of age-de-
pendency in a matched case–control analysis.

Materials and Methods

Study Design and Setting
We assessed data originating from the ongoing LIFE Child co-

hort study that started in January 2011. We included children aged 
6–16 years providing information on medical history, anthropo-
metric data, and medication use. Children aged < 6 years were not 
included in the analysis because asthma diagnosis in these children 
usually is less clear-cut and, hence, less reliable [1]. Finally, 2,511 
children with a total of 7,054 visits between January 2011 and June 
2018 were included (primary sample).

Assessments
Medical history of participants was assessed through comput-

er-assisted personal interviews. Current medication was assessed 
during an interview by obtaining a National Drug Code and its 
subsequent classification based on the Anatomical Therapeutic 
Chemical Classification System. If the accurate classification was 
not possible during the interview, information was obtained in a 
subsequent telephone-based interview [15].

Anthropometry
Height was measured to the nearest of 0.1 cm using a stadiom-

eter (“Dr. Keller” Längenmesstechnik, Germany), and weight was 
quantified by a digital balance to the nearest of 100 g. NC and WC 
were measured in a standardized procedure using a measuring 
tape. Waist-to-height-ratio (WHtR) and BMI were calculated. Due 
to the lack of published reference values comprising the whole age 
span and to account for possible regional differences, NC, WC, and 

WHtR measures were standardized for age and sex using the “LMS” 
method by Cole and Green [16] utilizing the entire LIFE Child co-
hort, as performed previously [17, 18]. For BMI, German reference 
values were used as recommended by current German guidelines 
on diagnosis and treatment of overweight in children [19].

Laboratory Markers
Venous blood samples (serum and ethylenediaminetetraacetic 

acid whole blood) were taken at the beginning of each survey day in 
weight and age-appropriate containers (Sarstedt, Germany). Specif-
ic immunoglobulin E inhalation screen (SX1) was determined with 
a fluorescence enzyme immunoassay using the CAP250 Phadia sys-
tem (Thermo Fisher Scientific, Waltham, MA, USA). SX1-kit tests 
for sensitizations to timothy, rye, birch, mugwort, cat dandruff, dog 
dandruff, house dust mite, and Cladosporium herbarum by quantify-
ing specific IgE. According to previous studies [11, 20, 21], atopy was 
defined by exceeding the predefined cutoff in SX1, < 0.35 kU/L. 
High-sensitivity C-reactive protein (hsCRP) was measured using a 
turbidimetric immunoassay (with a cutoff < 5 mg/L), and interleu-
kin-6 (IL-6) was measured using an electro-chemiluminescence im-
munoassay (with a cutoff < 4.25 pg/mL), both performed on the co-
bas 8000 analyzer (Roche Diagnostics, Switzerland). Reasons for 
missing values were nonconsent to blood sampling in children or 
incomplete or unsuccessfully blood withdrawals. A more detailed 
description of the LIFE Child study is provided elsewhere [22, 23].

Defining Patients with Asthma
According to previous cohort study criteria [24, 25], the opera-

tional definition of asthma was based on matching 2 of the follow-
ing 3 criteria: (i) doctor’s diagnosis of asthma ever, (ii) prescribed 
medication for asthma treatment, and (iii) wheezing in the last 12 
months according to “The International Study of Asthma and Al-
lergies in Childhood” parental or self-reported core questionnaire 
[26]. Since yearly follow-up visits were available, children were 
classified as asthma cases on the first visit they fulfilled diagnostic 
criteria (t1). Age, anthropometric data, hsCRP, and IL-6 – values 
at t1 were chosen for analyses. If no SX1 values were available at 
t1, information on atopy status was taken from prior SX1-screen-
ings, if available. Children exceeding SX1-cutoff at least once were 
classified as atopic subjects.

Case–Control Selection
For each participant with asthma, we matched controls by age 

and atopy at t1 applying the algorithm proposed by Ho et al. [27], 
minimizing average absolute distance across all matched pairs as 
suggested before [28]. Because of the known impact on asthma of 
atopy status, we aimed to include atopy as a matching criterion. 
Missing values in SX1-screening lead to a reduction of the number 
of cases to 157 (75% of cases). Case-to-control ratio was set to 1: 2 
because we aimed for the best possible age matches and increasing 
the numbers of controls would have resulted in disproportionate 
dilution. A 1: 2 matching achieved a mean absolute age difference 
between cases and controls of 0.00875 years (p = 0.975). For 4 cas-
es, one of the 2 control participants exceeded 0.5 years of age dif-
ference (0.98, 0.90, 0.63, and 0.55 years). Every study subject was 
included only once in the analyses.

Covariates
The following additional possible confounders of the over-

weight-asthma link were considered: physical activity measured as 



Gramss/Lipek/Vogel/Remmler/Hiemisch/
Jurkutat/Genuneit/Körner/Kiess

Horm Res Paediatr 2019;91:380–390382
DOI: 10.1159/000501685

physically active in a sports club at least once a week (parental and/
or children’s report); having been breastfed for at least 6 months 
(parental report); active smoking (parental and/or children’s re-
port: “Does your child smoke?,” “Have you ever smoked?”); pas-
sive smoking (parental report, “Has anyone smoked in the flat dur-
ing the last 12 month?”); parental history of asthma (parental re-
port, defined by information of mother and/or father); the 
socioeconomic status measured by means of the adjusted Winkler 
Index [29], combining information of the monthly household in-
come, parents’ education and occupation, and birth weight (low 
birth weight defined as < 2,500 g, documented in a medical check-
up booklet, which is used by the family’s pediatrician to document 
the child’s development and was scanned at each visit) and puber-
tal status according to Tanner stages [30]. Characteristics of the 
whole study population and the subgroup included in the case–
control analyses are depicted in Tables 1 and 2. Inclusion criteria 
for the primary sample were children aged > 6 and < 17 years who 
participated at the LIFE Child cohort study from January 2011 to 
June 2018. Exclusion criteria were missing information about sex, 
age, WC, NC, BMI, WHtR, and multiple visits. Additionally, for 
the 1: 2 matched sample subjects with missing information about 
asthma and atopy were excluded. Subjects with an age difference 
> 6 months (except 4 cases) between cases and controls were also 
excluded as previously described. For detail, see Figure 1.

Statistical Analyses
For comparisons of the distribution of categorical variables, ab-

solute and relative frequencies were calculated and chi-square tests 
were applied; for continuous variables (BMI, NC, WC, WHtR), t 
tests were applied. Based on the matched sample, we applied con-
ditional logistic regression to estimate the ORs and the respective 
CIs of developing asthma. Conditional logistic regression was cho-
sen because we aimed for the best possible exclusion of age-depen-
dency effects. All hypothesis tests were two-tailed where applica-
ble, the significance level was set to alpha = 0.05. All analyses were 
carried out with R software environment for statistical computing 
3.4.4 [31].

Results

In our total primary sample (n = 2,511), diagnostic cri-
teria for asthma were met by 208 children (9.5%) of the 
study cohort, of which most cases were of male sex (n = 
122, 58.7%, p = 0.019). In the total sample, 815 children 
(44.1%) were prepubertal, 264 (14.3%) were in pubertal 
group II, 161 (8.7%) in III, 206 (11.1%) in IV, and 406 
(21.9%) in V. Atopy status (42% in controls vs. 77.7% in 
cases, p < 0.001) as well as family history for asthma (9.8% 
in controls vs. 29.8% in cases, p < 0.001) and pubertal sta-
tus (p < 0.001) was highly correlated with asthma diagno-
ses (Table 1). Moreover, children without asthma were 
significantly older (12.5 vs. 10.9 years, p < 0.001) than 
children with asthma. After matching for atopy and age 
(n = 471), these grouping factors were distributed equally, 
and, of note, sex and pubertal status of participants were 

Table 1. Univariate analysis of confounding variables, total sample

Total (primary) sample
Asthma no 
(n = 1,985)

Asthma yes 
(n = 208)

p.overall

Age at t1, years 12.5 (3.15) 10.9 (2.92) <0.001
Gender 0.019

Male 989 (49.8) 122 (58.7)
Female 996 (50.2) 86 (41.3)

Atopy <0.001
No 966 (58.0) 35 (22.3)
Yes 700 (42.0) 122 (77.7)

BMI-SDS at t1 0.34 (1.30) 0.39 (1.27) 0.630
WC-SDS at t1 0.07 (1.00) 0.16 (1.01) 0.216
NC-SDS at t1 0.12 (0.99) 0.06 (1.01) 0.442
WHtR-SDS at t1 0.27 (1.18) 0.42 (1.16) 0.076
Pubertal status <0.001

1 509 (35.6) 87 (54.4)
2 209 (14.6) 34 (21.2)
3 139 (9.72) 15 (9.38)
4 186 (13.0) 10 (6.25)
5 387 (27.1) 14 (8.75)

Data displayed as frequency number (percentage) or mean 
(SD).

BMI, body mass index; NC, neck circumference; p.overall, significance 
level of α = 0.05; SDS, SD score; WC, waist circumference; WHtR, waist-
to-height ratio.

Table 2. Univariate analysis of confounding variables in 1:2 
matched pair sample

Matched sample Asthma no
(n = 314)

Asthma yes
(n = 157)

p.overall

Age at t1, years 11.1 (2.90) 11.1 (2.90) 0.975
Gender 0.870

Male 172 (54.8) 88 (56.1)
Female 142 (45.2) 69 (43.9)

Atopy 1.000
No 70 (22.3) 35 (22.3)
Yes 244 (77.7) 122 (77.7)

BMI-SDS at t1 0.17 (1.24) 0.33 (1.23) 0.188
WC-SDS at t1 –0.02 (1.01) 0.11 (0.99) 0.190
NC-SDS at t1 0.02 (1.02) 0.04 (0.98) 0.899
WHtR-SDS at t1 0.16 (1.17) 0.36 (1.15) 0.084
Pubertal status 0.565

1 127 (54.0) 65 (53.3)
2 41 (17.4) 28 (23.0)
3 28 (11.9) 9 (7.38)
4 14 (5.96) 8 (6.56)
5 25 (10.6) 12 (9.84)

Data displayed as frequency number (percentage) or mean (SD). Sums 
not adding to n = 471 per row due to missing values.

BMI, body mass index; NC, neck circumference; p.overall, significance 
level of α = 0.05; SDS, SD score; WC, waist circumference; WHtR, waist-
to-height ratio.
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no more differing significantly among cases and controls 
(Table 2).

A total of 1,728 (75.1%) children of the total sample 
had a normal weight (BMI-SD score (SDS) >–1.28 and < 

1.28), 183 (7.9%) had overweight (BMI-SDS ≥1.28–< 

1.88), and 391 (17%) had obesity (BMI-SDS ≥1.88) ac-
cording to current national guidelines [32].

In univariate analyses in the primary sample, no sig-
nificant associations were found of BMI-SDS, WHtR-
SDS, WC-SDS, and NC-SDS with asthma. This was con-
sistent considering all weight status proxies as continuous 

parameters as well as weight groups defined by the cutoff 
values of the respective 90th or 97th percentile. Only 
WHtR-SDS showed a slight trend toward higher values in 
individuals with asthma compared to controls (WHtR-
SDS 0.42 vs. 0.27, p = 0.076; Table 1). Moreover, in the 
total sample, no group differences in the associations of 
overweight, atopy, and asthma were found when per-
forming conditional logistic regression analyses con-
trolled for gender.

As depicted in Table 3, conditional logistic regression 
in the matched control group revealed that in children 
with atopy, all overweight proxies were consistently pos-
itively associated with asthma. However, statistical sig-
nificance was only reached for WHtR-SDS (OR 1.26, 95% 
CI 1.03–1.54, p = 0.025), but the effect sizes were similar 
(but slightly smaller) for WC and BMI-SDS (Table 3). 
Without controlling for atopy status, no statistically sig-
nificant association of overweight proxies and asthma 
was detectable neither (data not shown).

Positive atopy status was significantly associated with 
lower WHtR-SDS (0.15 vs. 0.47, p = 0.01) in atopic, com-
pared to nonatopic participants (CI of the difference 
0.07–0.55) as depicted in Figure 2.

In both, in total and matched sample (except matched 
sample WHtR-SDS prepubertal 0.12 vs. pubertal 0.30, p =  
0.096), overweight proxies were significantly higher in 
pubertal than in prepubertal children. In our total sam-
ple, the rate of atopics among pubertal children was sig-

Dataset for 1:2 matching:
Age difference ≤6 months per case*

Information available on: sex, atopy, medical history,
medication, anthropometric measurements+

(n = 471)

Age ≥6 and <17 years (n = 2,511)

Criteria for asthma met in 208 participants

LIFE Child cohort 2011–2018 (n = 3,740)

Missing SX1 screen (n = 61)

Atopic nonasthma
(n = 244)

Atopic asthma
(n = 122)

Nonatopic nonasthma
(n = 70)

Nonatopic asthma
(n = 35)

Fig. 1. Flow chart of the study. * Exception 
for 4 cases with an age difference of 6.6, 7.7, 
10.9, and 12 months, respectively. + BMI-
SDS, WC-SDS, NC-SDS, WHtR-SDS. 
BMI; body mass index; SDS, SD score; 
WHtR, waist-to-height ratio.

Table 3. Conditional logistic regression analyses for anthropomet-
ric measures of overweight and asthma, differentiated by atopy 
status

Atopic asthma Non-atopic asthma

OR 95% CI p value OR 95% CI p value

BMI 1.195 0.993–1.439 0.06 0.879 0.6–1.285 0.51
NC 1.083 0.863–1.36 0.49 0.819 0.545–1.232 0.34
WC 1.218 0.966–1.535 0.096 0.95 0.613–1.47 0.82
WHtR 1.261 1.03–1.544 0.025* 0.9 0.592–1.369 0.620

Significant results are marked by asterisk.
BMI, body mass index; NC, neck circumference; p, significance level of 

α = 0.05; WC, waist circumference; WHtR, waist-to-height ratio; BMI, NC, 
WC and WHtR expressed in standard deviation scores (SDS).
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nificantly higher than in prepubertal children (n = 668, 
46.1% vs. n = 255, 40%; p = 0.011). In the age- and atopy-
matched sample, there was no significant difference of 
pubertal status (atopic pubertal children 79.2% vs. prepu-
bertal atopic children 75.5%; p = 0.405).

We performed conditional logistic regressions of asth-
ma and WHtR-SDS stratified by known influencing fac-
tors on asthma to assure the consistency of the respective 
effects across these strata (e.g., birthweight ≥2,500 vs.  
< 2,500 g) and the consistency of atopy as effect modifier 
(Table 4). Here, no known influencing factor altered the 
quality of association of WHtR-SDS and asthma in a rel-
evant magnitude neither in atopic cases nor in nonatopic 
cases. The covariates (see methods) did not change direc-
tion (positive vs. negative) of the associations of asthma 
with anthropometric measurements (Table 5).

HsCRP was positively associated with BMI-SDS in 
both, atopic and nonatopic children (βatopic = 0.47, p ≤ 
0.001; βnonatopic = 0.49, p ≤ 0.001; Fig. 3). There was no 
significant difference in the association of hsCRP with 
BMI-SDS between atopic and nonatopic children  
(pinteraction = 0.82). HsCRP was positively associated with 
WHtR-SDS in both atopic and nonatopic children  
(βatopic = 0.54, p ≤ 0.001; βnonatopic = 0.48, p ≤ 0.001). There 
was no significant difference in the association of hsCRP 
with WHtR-SDS between atopic and nonatopic children 

(pinteraction = 0.59). Similar results were found when inves-
tigating association of hsCRP with WC and NC. No sig-
nificant association of IL-6 with BMI-SDS (βatopic = 0.04, 
p = 0.95; βnonatopic = –0.18, p = 0.67; pinteraction = 0.17; 
Fig. 4) was found, nor was such found when investigating 
its associations with WC, WHtR, and NC.

0.6

0.5

0.4

0.3

0.2

0.1
No Yes

Atopy

W
H

tR
-S

D
S

Fig. 2. Mean and SE of WHtR-SDS in atopic and nonatopic par-
ticipants in the matched cohort. WHtR, waist-to-height ratio; SDS, 
SD score.

Table 4. ORs with 95% CIs for the associations between WHtR and 
asthma cases, differentiated between strata of participants with 
atopic versus nonatopic asthma by different covariates

Association of WHtR: 
asthma plus covariates

Atopic asthma
OR (95% CI)

Nonatopic asthma
OR (95% CI)

Winkler index middle 1.201 (0.89–1.62) 0.956 (0.535–1.707)
Sporting activity

Yes 1.39 (1.085–1.782)* 1.171 (0.69–1.988)
No 1.259 (0.843–1.881) 0.656 (0.284–1.515)

No active smoking 1.527 (1.032–2.259)* 0.761 (0.276–2.101)
No passive smoking 1.066 (0.712–1.595) 0.959 (0.351–2.624)
Birth weight ≥2,500 g 1.224 (0.986–1.518) –
Breastfeeding ≥6 months 1.464 (1.061–2.019)* 0.778 (0.403–1.502)
Negative family history 1.308 (1.041–1.644)* 0.768 (0.486–1.212)
Prepubertal children 1.171 (0.866–1.582) –

Significant results are marked by asterisk.
WHtR, waist-to-height ratio; SD, SD score.

100

10

1

0.10

0.01

–3 –2 –1 0
BMI-SDS

1 2 3
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CR

P

YesNoAtopic

Fig. 3. Relation of hsCRP with atopy and BMI-SDS: BMI-SDS is 
positively correlated with hsCRP, but the groups of atopic and non-
atopic study participants do not differ additionally. BMI; body mass 
index; SDS, SD score; hsCRP, high-sensitivity C-reactive protein.
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Discussion

Asthma prevalence in our cohort is higher compared 
to the prevalence (6.3%) reported by a representative Ger-
man cohort and may be due to differences in recruiting 
strategies [33, 34]. Increasing prevalence of atopic asthma 
and higher prevalence in male gender are in line with oth-
er studies [34, 35].

In our sample of children aged 6–16 years, we found 
that anthropometric overweight proxies were associated 
with asthma only in atopic children, when applying a 
matched case–control design mandating same age and 
atopy status of cases and controls. Thus, we cannot con-
firm the preponderant notion that overweight is associ-
ated with asthma in all children [4]. Importantly, in a 12 
months longitudinal study, overweight in children was 
not associated with worse asthma severity, spirometry 
findings, quality of life, or health care utilization [36]. 
Hence, overweight’s influence on asthma seems to stay 
disputed.

Associations were significant for WHtR only, but all 
anthropometric measures of obesity were in trend corre-
lated positively with asthma in atopic children. Thus, re-
sults of studies that found positive associations between 
weight status and asthma might be mostly induced by an 
atopic subpopulation that was not further characterized 
as such [4, 12].

Regarding the effect of atopy on the association of 
overweight and asthma, our findings are in line with the 
work of Forno et al. [3] and a Swedish longitudinal study 
[37]. Both reported similar associations and a mediating 

effect of atopy on the relation of asthma and overweight 
where overweight might have a more deteriorating effect 
on asthma occurrence in atopic subjects. Accordingly, 
asthma control was worse in children with overweight 
when exhaled nitric oxide, a marker of eosinophilic in-
flammation, was elevated [38]. However, contradicting 
results from the “National Health and Nutrition Exami-
nation Survey” study showed positive associations of 
overweight defined as high BMI-SDS and asthma in non-
atopic children earlier [10]. No associations between 
overweight and atopy were found in The International 
Study of Asthma and Allergies in Childhood Phase 2 
study [39]. The discrepancies of results might have sev-
eral reasons such as effect-modifying covariates. Age 
might be such a strong effect modifier. Therefore, strict 
age matching might be an efficient and effective way to 
eliminate age’s influence because neither asthma onset 
[24] nor overweight onset increase linearly with age [40] 
and, therefore, a strict age matching may lead to less age-
biased results.

We suggest that children with atopy may be more 
prone to a negative effect of weight gain and develop 
more asthma than nonatopics.

Our results suggest that overweight has a more in-
creasing effect on the incidence of asthma in atopic than 
in nonatopic children.

Interestingly, NC showed least significant results. 
Thus, we could not replicate the findings of a Turkish co-
hort with 46% overweight children [2], where higher stra-
ta of NC above their local NC > 90th percentile were high-
ly correlated with asthma. In this work by Akın et al. [2], 

100

10

1

0.10

0.01

–3 –2 –1 0
BMI-SDS

1 2 3
IL

-6

Atopic YesNo

Fig.  4. Relation of IL-6 with atopy and 
BMI-SDS: IL-6 is not significantly associ-
ated with BMI-SDS and the groups of atop-
ic and nonatopic study participants do not 
differ additionally. IL-6, interleukin-6; 
BMI, body mass index; SDS, SD score.
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Covariates/values (SDS) Asthma OR (95% CI)

Low birth weight
Yes

BMI 1.394 (0.693–2.802)
WC 1.18 (0.508–2.741)
NC 1.266 (0.593–2.702)
WHtR 1.218 (0.589–2.517)

No
BMI 1.121 (0.939–1.34)
WC 1.164 (0.938–1.445)
NC 1.024 (0.828–1.266)
WHtR 1.162 (0.961–1.406)

Breast-feeding
Yes

BMI 1.111 (0.847–1.458)
WC 1.275 (0.924–1.758)
NC 1.007 (0.754–1.347)
WHtR 1.294 (0.98–1.71)

No
BMI 1.239 (0.965–1.592)
WC 1.206 (0.875–1.663)
NC 1.165 (0.837–1.623)
WHtR 1.226 (0.923–1.627)

Family history
Yes

BMI 1.217 (0.858–1.726)
WC 1.004 (0.652–1.545)
NC 0.819 (0.524–1.279)
WHtR 1.273 (0.876–1.849)

No
BMI 1.106 (0.924–1.324)
WC 1.196 (0.953–1.502)
NC 1.058 (0.854–1.312)
WHtR 1.162 (0.952–1.418)

Active smoking
Yes

BMI 1.623 (0.819–3.216)
WC 1.611 (0.584–4.445)
NC 1.625 (0.639–4.129)
WHtR 1.993 (0.963–4.123)

No
BMI 1.063 (0.798–1.416)
WC 1.094 (0.759–1.578)
NC 0.833 (0.586–1.184)
WHtR 1.4 (0.978–2.003)

Passive smoking
Yes

BMI 1.181 (0.843–1.655)
WC 1.263 (0.783–2.039)
NC 1.214 (0.77–1.916)
WHtR 1.218 (0.826–1.796)

No
BMI 0.943 (0.665–1.339)
WC 0.845 (0.541–1.322)
NC 0.698 (0.423–1.153)
WHtR 1.051 (0.724–1.528)

Covariates/values (SDS) Asthma OR (95% CI)

Winkler index
Low

BMI 1.049 (0.779–1.413)
WC 1.055 (0.704–1.581)
NC 0.852 (0.561–1.293)
WHtR 1.132 (0.809–1.583)

Middle
BMI 1.102 (0.857–1.417)
WC 1.071 (0.792–1.447)
NC 0.912 (0.663–1.253)
WHtR 1.156 (0.889–1.503)

High
BMI 1.249 (0.881–1.77)
WC 1.395 (0.917–2.123)
NC 1.116 (0.76–1.637)
WHtR 1.332 (0.932–1.903)

Sporting activity
Yes

BMI 1.231 (1.002–1.51)*
WC 1.247 (0.971–1.601)
NC 1.075 (0.842–1.371)
WHtR 1.348 (1.078–1.686)*

No
BMI 1.047 (0.772–1.418)
WC 1.145 (0.763–1.718)
NC 0.958 (0.662–1.387)
WHtR 1.091 (0.767–1.552)

Pubertal status
1

BMI 1.214 (0.943–1.563)
WC 1.22 (0.891–1.672)
NC 1.292 (0.936–1.784)
WHtR 1.127 (0.862–1.474)

2
BMI 0.823 (0.486–1.395)
WC 0.752 (0.391–1.443)
NC 0.481 (0.233–0.996)*
WHtR 1.011 (0.571–1.791)

3
BMI 0.818 (0.437–1.532)
WC 0.566 (0.219–1.459)
NC 0.292 (0.075–1.128)
WHtR 0.892 (0.431–1.847)

4
BMI 1.833 (0.588–5.717)
WC 3.005 (0.472–19.155)
NC 0.761 (0.079–7.363)
WHtR 2.427 (0.596–9.894)

5
BMI 3.5 (0.949–12.913)
WC 3.542 (0.76–16.501)
NC 1.424 (0.43–4.718)
WHtR 2.84 (0.943–8.557)

Significant associations are marked by asterisk.
BMI, body mass index; NC, neck circumference; WC, waist circumference; 

WHtR, waist-to-height ratio; SDS, SD score.

Table 5. ORs with 95% CIs for the associations between anthropometric measurements and asthma and association with different 
covariates
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age differences of asthma cases (aged 7–12 years) were 
not controlled for. Our results as well as the work of 
Zhuang et al. [41], who documented a significant differ-
ence of BMI and NC in 18 vs. 29 year olds, stress the im-
portance of controlling for age effects not only on asthma 
but also on anthropometric measurements that may ac-
count for differing results.

There is a vast body of scientific work on differential fat 
distribution and its effects on asthma or cardiovascular 
disease. In particular, WHtR was shown to be associated 
with higher cardiovascular mortality [42–44]. While we 
found WHtR to be significantly associated with asthma in 
atopic children, other studies identified BMI and WC [3] 
or waist-to-hip ratio [45] as the strongest predictor. De-
spite small differences in magnitude, National Health and 
Nutrition Examination Survey-based data revealed simi-
lar results of different anthropometric markers in the as-
sociations of obesity and asthma [11], like our study. 
Therefore, since no anthropometric measure is linked to 
fat cell mass directly [46], we suggest that measuring WC 
and WHtR, but not NC, may increase the chance of iden-
tifying children at risk for asthma when being atopic.

It was postulated that measuring BMI may be impre-
cise because of an influence of asthma therapy on the 
child’s height [47], but current data point out that effect 
size of significant growth suppression of inhaled cortico-
steroids (ICS) is small [48]. Thus, the importance of this 
effect on BMI is disputed [48]. Like loss of growth poten-
tial, weight gain may be an effect of ICS. Here also, a me-
ta-analysis of pediatric populations did not detect evi-
dence for BMI change when using ICS [48]. In our study, 
data on duration of usage of ICS are not available; thus, 
we cannot entirely exclude treatment effects on BMI body 
composition of participants, which is a limitation. Given 
the little effect sizes, we think that enhanced security on 
asthma diagnosis by inclusion of current medication out-
weighs this possible flaw.

The underlying mechanism resulting in the observed 
association between overweight and atopy might be the 
link of inflammation and atopy. In children, mechanisms 
of proinflammatory effects of fat tissue were shown on a 
cellular level [49], and the potential role of inflammation 
as an effect modifier of the association between over-
weight and asthma is discussed at several occasions [50].

We were unable to detect differences in hsCRP in 
atopic versus nonatopic children with asthma when con-
trolling for the effect of overweight in contrast to earlier 
works [51] that showed elevated serum CRP levels to be 
associated with increased asthma severity and overweight 
but did not control for atopy status. Likewise, in adults, 

IL-6 had been shown to be associated with higher BMI, 
worse lung function [52–54], and more frequent asthma 
exacerbations leading to the suggestion of trials with IL-6 
blocking agents in asthma therapy [53]. Moreover, nei-
ther a difference between atopic and nonatopic children 
nor a significant association with overweight was found 
for IL-6. Thus, our findings do not indicate more system-
ic inflammation in the group of atopic children with asth-
ma, thus not explaining the effects of atopy here.

Interestingly, studies reviewing the role of IL-5 in adi-
pose tissue suggest that fat tissue-specific eosinophils may 
exert specific effects, differing to eosinophils of other ori-
gins [55]. IL-4 and IL-5 were found to be elevated in subjects 
with central obesity [56]. Since IL-5-blockage effectively 
treats asthma in atopic individuals [57], our data support 
studying the eosinophil-adipocyte link rather than focusing 
on systemic inflammation derived from fat cells.

Some studies evaluated the influence of different co-
variates such as birth weight, breastfeeding, sporting ac-
tivity, smoking, social status, and family history on the 
relation between overweight and asthma [58, 59].

If controlling univariately for these covariates, the posi-
tive association between overweight proxies and atopic 
asthma remained stable. It was, though, not possible to per-
form multivariate conditional logistic regression due to too 
low numbers of cases for several combinations of cofactors.

Our study revealed significantly higher overweight 
proxies in pubertal than in prepubertal children. Recent-
ly, it was suggested that in puberty increases the fat mass, 
which may increase systemic inflammation and therefore 
the risk to develop asthma symptoms [60]. Weight gain 
during childhood in overweight children [40] may con-
tribute to a higher risk of atopy [60] and therefore to asth-
ma symptoms. In contrast to Yoo et al. [60], our data does 
not suggest that the overweight – asthma link is associ-
ated with systemic inflammation.

Weaknesses of our analysis include its cross-sectional 
design and missing data on atopy status for 25% of par-
ticipants. As a major strength, our work is the first study 
applying a matched case–control design to avoid age-
caused biases regarding atopy, overweight, asthma occur-
rence, and their interrelations. Inclusion of objective 
measurements for atopy status rather than questionnaires 
may have excluded reporting bias due to changes in diag-
nostic habits and perception of disease as has been argued 
before [21].

It is well known that children with overweight more 
often complain about symptoms such as wheezing and 
more severe asthma than children with normal weight 
status [39, 61]. Our data may suggest that subjective 
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symptoms of dyspnea in children with overweight may be 
due to functional breathing difficulties and correspond-
ing lung function impairment like solely reduced FEV1 
[62] and not asthma with respect to variable airflow limi-
tation and chronic inflammation hyperresponsiveness 
[1]. More studies with children on the starting point of 
their symptoms may be needed to better understand these 
relations.

Either way, for breathing impairment because of pure 
restriction of ventilation or asthma in the strict sense, pre-
vention of overweight and weight reduction seems favor-
able given its positive effects on asthma symptoms and 
lung function parameters [63].

In conclusion, in observing associations between over-
weight and asthma only in atopic subjects, we challenge 
the concept of “obesity asthma” and call for more strict 
age matching in pediatric cohort studies and longitudinal 
studies for a better understanding for the causal links of 
overweight and atopy and asthma.
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