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Abstract

Background: It has been claimed that overweight/obesity, childhood asthma and

wheezing disorders are associated, although the results of observational studies have

remained inconsistent. We conducted a systematic review and meta-analysis to

investigate this.

Methods: An online search of published papers linking childhood asthma and

wheezing with overweight/obesity up to May 2014 using EMBASE and MEDLINE

medical research databases was carried out. Summary odds ratios (OR) were estimated

using random-effects models. Subgroup meta-analyses were performed to assess the

robustness of risk associations and between-study heterogeneity.

Results: A total of 38 studies comprising 1,411,335 participants were included in our

meta-analysis. The summary ORs of underweight (<5th percentile), overweight (>85th
to <95th percentile) and obesity (≥95th percentile) were 0.85 (95% CI: 0.75 to 0.97;

p = 0.02), 1.23 (95% CI: 1.17 to 1.29; p < 0.001) and 1.46 (95% CI: 1.36 to 1.57,

p < 0.001), respectively. Heterogeneity was significant and substantial in all three

weight categories, and not accounted for by pre-defined study characteristics.

Conclusion: Our results suggest that underweight is associated with a reduced risk of

childhood asthma, and overweight and obesity are associated with an increased risk of

childhood asthma. Although our findings assert that overweight/obesity and child-

hood asthma are associated, the causal pathway and temporal aspects of this

relationship remain unanswered and deserve further epidemiological investigation.

Asthma is a major chronic disease of childhood whose

prevalence based on self-reported symptoms has increased in

recent times and is projected to rise in the future (1, 2).

Alongside this trend in asthma, the global prevalence of

overweight or obesity in infants and under five has increased

from 31 million to 44 million during 1990–2012 with the

potential of a further 60% increase in the coming decade (3).

Previous observational epidemiologic studies suggested that

overweight/obesity and childhood asthma are associated

although the results remain inconsistent. A meta-analysis of

four observational epidemiologic studies had reported that

there is a 50% (relative risk = 1.50; 95% CI: 1.2–1.8)
increased risk of childhood asthma for overweight (4).

However, the included studies used a variety of risk estimate

definitions: three used odds ratio (5–7) and another used

relative risk (8).

Results from a recent meta-analysis of 6 cohort studies

by Chen et al. (9) reported relative risks of 1.19 (95% CI:

1.03–1.37) and 2.02 (95% CI: 1.16–3.5) of childhood asthma

for overweight and obesity, respectively. In a meta-analysis of 6

prospective studies, Egan et al. (10) also reported that there is a

35% (relative risk = 1.35, 95% CI: 1.15–1.58) and 50%

(relative risk = 1.50, 95% CI: 1.22–1.83) increase in risk of

childhood asthma for overweight and obesity, respectively (10).

However, the age of study populations, body mass index (BMI)

categorizations, and risk estimate definitions were not consis-

tent across the studies included in the two meta-analyses. For

example, in the meta-analysis by Egan et al.(10), one study

used data-driven quintile BMI categories (11), whilst the other

two studies used only high-risk children (12, 13), two used

relative risk (8, 11), one used hazard ratio (14) and the other

three used odds ratio (12, 13, 15) as risk estimate definitions.

Likewise, in the meta-analysis by Chen et al. (9), one study

included adult population (≥21 yr old) (16), and another used

<25th, 25th–84th and ≥85th percentiles for underweight,

normal and overweight, respectively, another one used
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bronchitis as the outcome variable instead of asthma or

wheezing symptoms (17).

Combining studies that included child and adult popula-

tions, used non-standard and inconsistent BMI categories and

variety of risk estimate definitions in a meta-analysis, may bias

the summary risk estimates. For example, suppose that two

studies used 30th percentile, three used 10th percentile and

four other used 5th percentile as cut-off points for under-

weight. Then, it becomes difficult to combine these 9 studies in

a meta-analysis as the cut-off points used are not equivalent.

The last group used a standard BMI cut-off point for

underweight (5th percentile) and the other two groups used

cut-off points of convenience where some individuals grouped

as underweight in these studies are normal BMI according to

the standard BMI categorization methods. Similarly, although

the estimates from odds ratio and relative risk are similar

when the disease is rare (<10%), they diverge as the

prevalence increases (18), potentially biasing the summary

risk estimates derived from combined odds ratios and relative

risks.

Up to May 2014, there were more than forty observational

studies that reported original data, comprising more than a

million people, <10% of whom have been included in the

previous meta-analyses. We hypothesize that combining stud-

ies that vary in exposure (BMI) categorizations, outcome and

risk estimate definitions, and have adult populations may

potentially under or over estimate the summary risk estimate of

BMI on childhood wheezing disorders. Based on these obser-

vations, we aimed to provide an up-to-date and more consis-

tent investigation of the association between overweight/

obesity and childhood asthma and wheezing disorders through

a systematic review and meta-analysis of studies, using

consistent exposure and risk estimation definitions, and the

standard World Health Organization (WHO) definition of the

age range for children and adolescents (19).

Methods

Search strategy

The review was carried out in accordance with the PRISMA

guidelines for systematic reviews and meta-analyses (20). An

online search of observational studies (cohort, case–control
and cross-sectional), published as an article in English

language, was carried out using EMBASE and MEDLINE

databases (Fig. 1). A literature search was carried out by the

first author. Eligible studies were those original reports on

childhood wheezing disorders and BMI, covering 0–19 yr of

age, published until May 2014. Table S1 gives the details of

terms and phrases used for the literature search.

To avoid assuming a linear association, papers were

excluded if BMI was modelled as a continuous variable.

Publications were also excluded if authors used data-driven

multiple categories of BMI, and if the number of categories

presented were generally too few (<4) to allow combination

with studies through estimating nonlinear dose-response curves

(21). Papers were also excluded if no risk estimates or

comparison groups were presented, or if an adult population

was included with no separate risk estimate or data for children

available.

Data extraction

Studies were selected by two independent reviewers. The

following study characteristics were extracted: authors, year

of publication, country, study design, sample size, study age

group, outcome (diagnosis) term used, exposure (BMI) cate-

gories used, exposure categorization method, outcome ascer-

tainment and exposure ascertainment. Data extraction was

carried out independently by two reviewers. Differences were

resolved by consensus.

Data standardization

Exposure variable (BMI)

Data on exposure variable presented varied according to the

cut-off points of BMI categories adopted by authors. (i) The

CDC: <5th percentile, ≥5th and <85th percentiles, ≥85th-<95th
percentiles and ≥95th percentile for underweight, normal,

overweight and obese categories, respectively (22). (ii) The

International Obesity Task Force: age- and sex-specific cut-off

points that are extrapolated from the adult BMI cut-offs of

18.5 kg/m2, 25 kg/m2 and 30 kg/m2 for underweight, over-

weight and obesity, respectively (23, 24). (iii) The WHO: 85th–
95th percentile and ≥95th percentiles or 1SD+ and 2SD+ for

overweight and obese, respectively (25). (iv) Data-driven

multiple BMI categories.

Figure 1 Literature search flow chart.
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For comparability and not to lose data due to variation in

categorization methods, data harmonization was undertaken.

(i) Where authors used one of the standard category methods

(CDC, IOTF or WHO), the reported adjusted risk estimates

and data on the number of cases and non-cases of each weight

comparison group were combined for meta-analysis without

any change. (ii) Where authors adopted data-driven BMI

categories with the CDC, IOTF or WHO normal category as a

reference and where the number of participants in each

category was available, the stratum-based number of cases

and non-cases were aggregated before being combined with the

other studies for meta-analysis of unadjusted risk estimates.

(iii) Where authors adopted two or three birthweight categories

with CDC, IOTF or WHO normal category as a reference and

provided adjusted risk estimates, the stratum-based risk

estimates were aggregated using recommendations from Ham-

ling et al. (26) before being combined with the other studies for

meta-analysis of adjusted risk estimates.

Outcome variable

Study authors used one or multiple outcome terms in their

reporting. Again, for comparability among studies, where

authors used a single outcome, for example asthma or

wheezing, the quoted outcome term by the author and its risk

estimate were assumed for analysis. However, where authors

used multiple outcome terms, a term that was highest in the

hierarchy and its risk estimates were assumed for analysis. For

example, if asthma and wheezing were used together, asthma

was preferred over wheezing.

Quality assessment

Papers included in this review were assessed for risks of bias

using the Newcastle–Ottawa quality assessment scale (27).

Each of the studies was assessed for three quality components:

selection of study population, comparability (adjustment for

covariates) and outcome or exposure. Table S3 gives the details

of studies with respective scores.

Statistical analysis

In the meta-analyses of all studies, random-effects models were

preferred as we made an assumption that the studies were not

functionally identical and the aim of our meta-analysis was to

generalize about other populations (28). Estimates were pooled

using the DerSimonian and Laird method (29).

If studies presented stratum-specific estimates (e.g. by

gender), then to provide correct measures of heterogeneity,

the risk estimates were aggregated using fixed effect models

before being combined with the other studies for meta-analyses

of adjusted risk estimates in a random-effects model. Likewise,

where authors reported the number of cases and non-cases in

each stratum, the total number of cases and non-cases were

aggregated before being combined with the other studies for

meta-analyses of unadjusted risk estimates of all studies. Odds

ratios were the principal summary measures.

To quantify between-study heterogeneity, the Cochrane Q-

test (30) and the I2 measure of the proportion of the total

heterogeneity explained by between-study variation (31) were

used. Subgroup meta-analyses and sensitivity analysis of

unadjusted risk estimates were performed on a priori selected

covariates (study characteristics) to assess the robustness of the

risk associations and levels of between-study heterogeneities.

To account for the sources of between-study heterogeneity,

meta-regression (32) of unadjusted risk estimates was per-

formed using restricted maximum likelihood (REML).

In investigating evidence of publication bias and small-study

effects, symmetry funnel plots and bias test models were used

(33, 34). The 5% significance levels and 95% confidence

intervals were adopted throughout. Meta-analyses were carried

out in STATA software version 12 (Stata Corp., College Station,

TX, USA).

Results

Literature search

In total, 2887 non-duplicate papers were available and

screened; 2800 excluded due to non-relevance and 87 were

read in full (Fig. 1). Of the 87 papers, 44 were included in the

review. A total of 38 studies reported either the risk estimates

or number of cases and non-cases of wheezing disorders in each

exposure group were included in the meta-analysis (Table S2).

The studies were from Europe = 11, Americas = 18, Asia = 7

and Oceania = 2.

Results from six studies were not combined with the other

studies for meta-analysis as five of them used slightly different

percentile cut-off points (35–39) and another used pooled data

from over different continents and presented a summary risk

estimate (40).

Quality of studies

With the maximum of nine points for each article, of the 38

included in the meta-analysis: twenty-five scored 7–9, thirteen
scored 5–6 and their risks of biases can be interpreted as ‘low’

and ‘moderate’, respectively (Table S2).

Underweight and childhood wheezing disorders

A total of seven studies presented data on the number of cases

and non-cases in underweight and normal BMI groups

comprising a total of 772,040 children (7, 41–46). The summary

risk estimate of the studies showed that there was a significant

decrease odds of wheezing disorders (OR = 0.85, 95% CI: 0.75

to 0.97; p = 0.02) for the underweight children (Fig. 2). There

was considerable heterogeneity among the studies (Q = 29,

d.f. = 6, p < 0.001; I2 = 79%, 95% CI: 58–89%). When a

meta-analysis was performed on four studies (7, 47–49) that

provided adjusted risk estimates, the overall OR was 0.96 (95%

CI: 0.75–1.23, p = 0.75) with very low heterogeneity among

studies (Q = 2, d.f. = 3, p = 0.65; I2 = 0%) (Fig. S1).
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Overweight and childhood wheezing disorders

A total of 29 studies presented data on the number of cases and

non-cases in the overweight and normal BMI groups that

included a total of 1,075,042 children (7, 8, 41–46, 50–69). The
summary of the ORs showed that there was a significant

increased risk of wheezing disorders (OR: 1.23, 95% CI:

1.17–1.29; p < 0.001) (Fig. 3). There was a considerable

heterogeneity among the studies (Q = 78, d.f. = 28;

I2 = 64%; 95% CI: 46–76%). When meta-analysis was carried

out on 21 studies (7, 47–49, 55–58, 60, 61, 64–73) that

presented adjusted risk estimates of overweight on childhood

wheezing disorders, the summary risk estimate was slightly

accentuated (OR = 1.30, 95% CI: 1.19–1.42; p < 0.001)

whereas the between-study heterogeneity substantially

decreased (Q = 27, d.f. = 20, p = 0.12; I2 = 27%, 95% CI:

0.0–57%) (Fig. S2).

Obesity and childhood wheezing disorders

A total of 21 studies presented data on the number of cases and

non-cases of wheezing disorders in the normal and obese group

that comprised 1,003,076 children (7, 41–43, 45, 50–52, 54, 55,
57, 59–61, 64, 66, 67, 69, 74). The overall risk estimate showed

that there was a significant increase in the risk of wheezing

disorders for obesity (OR = 1.46, 95% CI: 1.36–1.57) (Fig. 4).

There was substantial heterogeneity among the studies

(Q = 111, d.f. = 20; I2 = 82% (95% CI: 73–88%). However,

when the analysis was repeated on the adjusted risk estimate of

obesity on wheezing disorders available from 16 studies (7, 8,

47–49, 57, 60, 61, 64, 66, 67, 69, 72, 74, 75), the heterogeneity

was attenuated (Q = 28, d.f. = 14, p = 0.02; I2 = 46%, 95%

CI: 3–70%) whilst the summary risk estimate slightly increased

(OR = 1.60, 95% CI: 1.42–1.81) (Fig. S3).

Subgroup meta-analyses

Subgroup meta-analysis of underweight risk estimates on

childhood wheezing disorders from seven studies showed that

the strength of the risk estimates remained stable across each

subgroup of the predefined covariates. The heterogeneities

across each subgroup of the covariates were significant while

except for the covariate ‘exposure categorization method’, the

heterogeneities between each subgroup of the covariates were

not significant (Table 1).

When subgroup meta-analysis of the 29 studies by the

predefined study characteristics was carried out, except for the

IOTF categorization method and papers published before 2000

that were not statistically significant, the strength and direction

of the summary risk estimates in each subgroup remained

stable (Table 2). The within-subgroup heterogeneity was not

significant for the wheezing outcome term, e-records outcome

Figure 2 Summary unadjusted odds ratio of seven studies that presented the number of cases and non-cases of asthma in the underweight and

normal weight group. Heterogeneity chi-squared = 29 (d.f. = 6) p < 0.001, I2 = 79% (95% CI: 58–89%), and the estimate of between-study

variance Tau-squared = 0.01.
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ascertainment, parental exposure ascertainment, WHO BMI

categorization method, sample size <1000 and case–control
study design where it was significant for the rest of the

subgroups (Table 2). Except for outcome ascertainment, age

group during diagnosis, sample size and study design sub-

groups, there was no significant heterogeneity between each

subgroup of the other covariates.

A subgroup meta-analysis of 21 studies that presented the

risk estimate data of obesity on childhood wheezing disorders

by the a priori selected covariates was performed, except for the

case–control study design subgroup, the strength and direction

of the summary risk estimates in each subgroup remained

stable. There were significant within-subgroup heterogeneities

except for the outcome ascertainment through a child, expo-

sure ascertainment not mentioned, IOTF BMI categorization

method and sample size <1000 subgroups. Also, except for the

sample size subgroups, there were significant heterogeneities

between each subgroup of the other covariates (Table 3).

When investigating the sources of between-study hetero-

geneity in the overweight/obesity and wheezing disorders risk

estimates, the results showed that none of the heterogeneity

was explained by the a priori selected covariates (Tables 4 &

5). No meta-regression analysis was carried out for

underweight risk estimates on childhood wheezing disorders

due to not having enough observations for the model to

converge.

When sensitivity analysis of the summary unadjusted risk

estimates were carried out according to the number of BMI

categories used by authors, the summary OR of overweight on

asthma for two, three and four BMI categories were 1.48 (95%

CI: 1.19–1.84), 1.24 (1.14–1.35) and 1.15 (1.09–1.21), respec-
tively (Table 2). When the same analysis was carried out on

obesity risk estimates, the summary OR of obesity on wheezing

disorders for two, three and four BMI categories were 2.05

(1.42–2.95), 1.48 (1.30–1.67) and 1.40 (1.26–1.56), respectively
(Table 3). Furthermore, the summary odds ratios remained

similar when the studies were clustered according to the study

quality and developmental stage of children (i.e. under-five,

school age (5–7 yr), puberty (8–14 yr), adolescence or beyond

puberty (15–19 yr) and mixed stages).

Figure 3 Summary unadjusted odds ratio of 29 studies that presented the number of asthmatic and non-asthmatic children in normal and

overweight groups. Heterogeneity chi-squared = 77 (d.f. = 28) p < 0.001, I2 = 64% (95% CI: 46–76%), and the estimate of between-study

variance Tau-squared = 0.004.
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Investigating biases (small-study effect)

The funnel plots for the unadjusted risk estimates of BMI on

childhood wheezing disorders showed some evidence of asym-

metry in the overweight (p = 0.04), but not in the underweight

and obese categories (p = 0.92 and p = 0.31, respectively) (Fig.

S4).

Discussion

In this more comprehensive meta-analysis, we have found that

there is a significant increase of childhood wheezing disorders

risk by 23% (OR: 1.23, 95% CI: 1.17–1.29) and 46%

(OR = 1.46, 95% CI: 1.36–1.57) for overweight and obesity,

respectively. We have also found that there is a significant 15%

reduction of wheezing disorders risk for underweight

(OR = 0.85, 95% CI: 0.75–0.97). If we were to restrict our

meta-analysis only for the cohort studies as Chen et al. (9) and

Egan et al. (10) did, the summary relative risk estimates for

overweight and obesity are 1.21 (95% CI: 1.08–1.36) and 1.42

(1.31–1.54), respectively. However, our summary relative risk

estimates for only cohort studies may not be comparable to

that of Egan et al. (10) as the risk estimate definition was not

consistent across the studies included in their meta-analysis.

Our overweight summary relative risk estimates for only

cohort studies and that reported by Flaherman and Rutherford

(4) meta-analysis may also not be comparable for the same

reasons.

One notable difference between our study and the three

previous meta-analyses results is that our summary risk

estimates have narrower confidence intervals and are more

robust than those previously reported. This is likely to be due

to the larger number of participants in our meta-analysis. It

could be also due to our usage of data harmonization,

consistent definition of the risk estimates and BMI categori-

zation methods, and the usage of standard WHO child and

adolescent age range definition (19).

Based on our subgroup meta-analyses results of the unad-

justed risk estimates, we noted that the summary ORs

estimates tended to attenuate as the number of BMI categories

used by study authors increased. For example, the summary

associated risk of overweight on wheezing disorders for

authors that used two BMI categories was twice and thrice

of those which used three and four BMI categories, respectively

Figure 4 Summary unadjusted odds ratio of 21 studies that presented the number of asthmatic and non-asthmatic children in normal and obese

groups. Heterogeneity chi-squared = 111 (d.f. = 20) p < 0.001, I2 = 82% (95% CI: 73–88%), and the estimate of between-study variance Tau-

squared = 0.008.
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(Table 2). A similar pattern was also observed in the obesity

risk estimates according to the number of BMI categories used

by authors (Table 3).

Our subgroup meta-analyses by study design showed that

the summary risk estimates of the cohort and cross-sectional

studies are very similar, both for the overweight and obesity

risk estimates. This may indicate that cross-sectional studies

can be as credible as cohort studies although the findings need

to be validated by other meta-analyses in other fields or with

more data included. Cross-sectional studies are also easier and

cheaper to conduct than case–control and cohort studies, and

this can have implication for cost saving and efficiency.

We investigated the effects of age and developmental stage of

children on the association betweenBMI and childhoodwheezing

disorders by classifying the age of children into ‘under-five’, ‘five

years and above’ and ‘mixed age group’; and developmental stage

into ‘under-five’, ‘school age (5–7 yr)’, puberty (8–14 yr)’, ado-

lescence (15–19 yr)’ and ‘mixed stages’. However, we found no

significant effect on the risk of association.

Based on the heterogeneity measures (Q-test and I2), we

observed that there was a considerable level of between-study

variation in the underweight, overweight and obesity unad-

justed risk estimates although this could be due higher sample

size studies in our analyses (76). As noted in the forest plots,

Table 1 Subgroup analysis for unadjusted risk estimates of

underweight on childhood wheezing disorders

OR (95% CI) n I2 (%) Phet* Phet†

Outcome terms used

Asthma 1.74 (1.50, 2.02) 7 79 <0.001

Wheezing 0

Outcome ascertainment

E-records/trained 1.08(0.64, 1.8) 2 88 <0.01 0.06

Child 0.87 (0.83, 0.91) 1

Parent 0.81 (0.50,1.31) 4 81 <0.01

Exposure ascertainment

E-records/trained 0.84 (0.62, 1.15) 5 85 <0.001 0.27

Child 0.87 (0.83, 0.91) 1 0

Parent 0

No mention 1.42 (0.69, 2.89) 1 0.0

Exposure categorization method

CDC 0.90 (0.82, 0.97) 5 62 0.03 <0.001

IOTF 0.45 (0.33, 0.61) 1 0

WHO 0.82 (0.57, 1.18) 1 0

Age during diagnosis

5 yr and above 0.84 (74.15, 0.96) 6 82 <0.001 0.17

Mixed (0–19 yr) 1.42 (0.69, 2.90) 1 0

Under 5 yr 0

Gender

Boys 0

Girls 0

Mixed 0.85 (0.75,097) 7 79 <0.001

Sample size

<1000 1.42 (0.69, 2.89) 1 0.17

1000+ 0.84 (0.74, 0.96) 6 82 <0.001

Study period

<2000 0

2000+ 0.85 (0.75, 0.97) 7 79 <0.001

Study design

Cohort 0.62 (0.34, 1.17) 2 94 <0.001 0.12

Case–control 0

Cross-sectional 0.85 (0.75, 0.97) 5 59 0.05

Number of BMI categories‡

Two 0

Three 1.09 (0.62, 1.91) 2 79 0.03 0.07

Four 0.81 (0.71, 0.93) 5 81 <0.001

*P for heterogeneity within each subgroup.

†P for heterogeneity between each subgroup.

‡Sensitivity analysis.

Table 2 Subgroup analysis for unadjusted risk estimates of

overweight on childhood wheezing disorders

OR (95% CI) n I2 (%) Phet* Phet†

Outcome terms used

Asthma 1.23 (1.17, 1.29) 27 66 <0.001 0.44

Wheezing 1.23 (1.05, 1.42) 2 0 0.5

Outcome ascertainment

E-records/trained 1.19 (1.05, 1.36) 5 40 0.16 <0.01

Child 1.30 (1.05, 1.60) 4 64 0.04

Parent 1.27 (1.15, 1.40) 20 64 <0.001

Exposure ascertainment

E-records/trained 1.22 (1.14, 1.32) 24 59 <0.001 <0.001

Child 1.13 (1.11, 1.15) 1

Parent 1.54 (1.32, 1.80) 2 0 0.77

No mention 1.38 (1.01, 1.88) 2 42 0.18

Exposure categorization method

CDC 1.24 (1.17, 1.30) 18 65 <0.001 0.74

IOTF 1.07 (0.86, 1.33) 8 75 <0.001

WHO 1.21 (1.06, 1.39) 3 0 0.98

Age during diagnosis

5 yr and above 1.21 (1.15, 1.28) 17 67 <0.001 0.03

Mixed (0–19 yr) 1.21 (1.07, 1.37) 12 55 0.01

Under 5 yr 0

Gender

Boys 0

Girls 0

Mixed 1.23 (1.17, 1.29) 29 64 <0.001

Sample size

<1000 1.57 (1.10, 2.23) 4 38 0.17 0.01

1000+ 1.21 (1.16, 1.27) 25 64 <0.001

Study period

<2000 1.06 (0.46, 2.42) 1 0 0.84

2000+ 1.23 (1.17, 1.29) 28 65 <0.001

Study design

Cohort 1.26 (1.09, 1.47) 8 67 <0.01 0.16

Case–control 1.45 (1.03, 2.05) 2 0 0.41

Cross-sectional 1.24 (1.15, 1.34) 19 66 <0.001

Number of BMI categories‡

Two 1.48 (1.19, 1.84) 7 78 0.08

Three 1.24 (1.14, 1.35) 17 35 <0.001 0.01

Four 1.15 (1.09, 1.35) 5 74 <0.001

*P for heterogeneity within each subgroup.

†P for heterogeneity between each subgroup.

‡Sensitivity analysis.
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there were a few studies with large samples and high precision

of risk estimates that can have dominating effects for the

between-study heterogeneities (Figs 3 & 4). However, the same

pattern was not observed in the adjusted risk estimates: the

between-study heterogeneities were low in underweight, over-

weight and obesity risk estimates (Figs S2 & S3).

In our attempt to uncover the effects of study level

covariates to the observed significant between-study heteroge-

neity in the underweight, overweight and obesity unadjusted

risk estimates on childhood wheezing disorders, none of the

predefined covariates (study characteristics) explained the

between-study variations.

Our analyses have certain limitations. Firstly, in all BMI

categories unadjusted summary risk estimates on wheezing

disorders, we found that there was a significant and substantial

level of between-study variation that was not explained by our

a priori selected covariates. We may be reassured though that

our summary risk estimates were consistently similar with

those of the adjusted summary risk estimates (except for

underweight) and the between-study variations ranged 0–49%.

Secondly, we also had some evidence of funnel plot asymmetry

which may indicate a potential small-study effect such as

potential publication bias (33).

Thirdly, as in any systematic review and meta-analysis, we

cannot rule out the possibility of potentially relevant studies

being missed by our search strategy. Fourthly, our results are

based on epidemiologic observational studies and are solely

dependent on the quality of the primary studies included.

Particularly, wheezing disorders were ascertained through self-

administered questionnaires in the majority of the studies

included that may cause a potential bias to the risk estimates.

Table 3 Subgroup analysis for unadjusted risk estimates of obesity

on childhood wheezing disorders

OR (95% CI) n I2 (%) Phet* Phet†

Outcome terms used

Asthma 1.43 (1.33, 1.54) 20 81 <0.001 0.001

Wheezing 1.94 (1.60, 2.36) 1

Outcome ascertainment

E-records/trained 1.81 (1.39, 2.36) 4 75 0.01 <0.001

Child 1.28 (1.25, 1.31) 3 0 0.86

Parent 1.49 (1.31, 1.69) 14 5 <0.001

Exposure ascertainment

E-records/trained 1.50 (1.37, 1.65) 17 60 0.001 <0.001

Child 1.28 (1.25, 1.31) 1

Parent 0

No mention 1.60 (1.11, 2.31) 3 53 0.12

Exposure categorization method

CDC 1.41 (1.30, 1.53) 13 86 <0.001 0.002

IOTF 1.57 (1.24, 1.98) 7 45 0.10

WHO 1.94 (1.60, 2.36) 1 0

Age during diagnosis

5 yr and above 1.42 (1.29, 1.55) 10 69 <0.001 0.05

Mixed (0–19 yr) 1.53 (1.30, 1.80) 11 88 <0.001

Under 5 yr 0

Gender

Boys 0

Girls 0

Mixed 1.46 (1.36, 1.57) 29 82 <0.001

Sample size

<1000 1.75 (1.15, 2.65) 4 50 0.12 0.07

1000+ 1.45 (1.34, 1.55) 17 84 <0.001

Study period

<2000 3.39 (1.49, 7.73) 1 0 0.03

2000+ 1.45 (1.35, 156) 20 82 <0.001

Study design

Cohort 1.58 (1.29, 1.94) 5 67 0.02 <0.001

Case–control 1.65 (0.45, 6.1) 2 88 0.01

Cross-sectional 1.46 (1.36, 1.57) 14 62 <0.001

Number of BMI categories‡

Two 2.05 (1.42, 2.95) 1

Three 1.47 (1.30, 1.67) 15 57 <0.01 0.02

Four 1.40 (1.26, 1.56) 5 94 <0.01

*P for heterogeneity within each subgroup.

†P for heterogeneity between each subgroup.

‡Sensitivity analysis.

Table 4 Meta-regression results of overweight on wheezing

disorders

OR (95% CI) p-value

Outcome terms used

(ref = Asthma)

1.14 (0.74, 1.74) 0.54

Outcome ascertainment

(ref = e-records/trained)

1.04 (0.89, 1.21) 0.60

Exposure ascertainment

(ref = e-records/trained)

1.04 (0.92, 1.17) 0.51

Exposure categorization method

(ref = CDC)

0.90 (0.76, 1.07) 0.22

Age during diagnosis (ref = Five

and above)

0.93 (0.73, 1.19) 0.56

Sample size (ref ≤ 1000) 0.76 (0.49, 1.19) 0.22

Study period (ref = before 2000) 0.70 (0.22, 2.20) 0.52

Study type (ref = cohort) 0.98 (0.87, 1.10) 0.66

Overall 0.64

Table 5 Meta-regression results of obese on wheezing disorders

OR (95% CI) p-value

Outcome terms used

(ref = Asthma)

1.18 (052, 2.71) 0.67

Outcome ascertainment

(ref = e-records/trained)

0.90 (0.73, 1.11) 0.29

Exposure ascertainment

(ref = e-records/trained)

0.98 (0.82, 1.19) 0.83

Exposure categorization

method (ref = CDC)

1.20 (0.85, 1.70) 0.28

Age during diagnosis

(ref = Five and above)

0.97 (0.66, 1.43) 0.87

Sample size (ref ≤ 1000) 0.77 (0.42, 1.42) 0.37

Study period

(ref = before 2000)

1.73 (0.52, 5.84) 0.34

Study type (ref = cohort) 1.06 (0.88, 1.28) 0.51

Overall 0.52
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The strength of our work is that we were able to produce

consistent risk estimates due to our use of harmonized data.

Combining only adjusted risk estimates may under or over

estimate the association between exposure and outcome due to

either exclusion of studies that used multiple BMI categories

convertible to one of the standard formats or combining all

irrespective of the type of exposure categorization method

used. To improve validity of the summary risk estimates, we

implemented data harmonization techniques and were able to

include more studies than if we were to use previous authors’

techniques: most importantly, we were able to produce more

consistent summary risk estimates of underweight, overweight

and obesity on wheezing disorders than if we were to combine

non-standard multiple cut-off points. The other strength of this

work is that we extracted and analysed both adjusted and

unadjusted risk estimates, which can be used as an internal

validation with each other.

In conclusion, our results suggest that underweight is

associated with a reduced odds of childhood wheezing disor-

ders, and overweight and obesity are associated with an

increased odds of wheezing disorders. However, although our

findings assert that overweight/obesity and childhood wheezing

disorders are associated, the causality or temporal relationship

remains unanswered and deserves further scrutiny in epidemi-

ological studies.
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Supporting Information

Additional Supporting Information may be found in the online version of

this article:

Figure S1. Summary of adjusted risk estimates of underweight on childhood

wheezing disorders. Heterogeneity chi-squared = 1.64 (d.f = 3, p = 0.65),

I2 = 0% (95% CI: 0–72%), and the estimate of between-study variance Tau-

squared = 0.0.

Figure S2. Summary of adjusted risk estimates of overweight on childhood

wheezing disorders. Heterogeneity chi-squared = 27 (d.f. = 20) p = 0.13,

I2 = 27% (95% CI: 0–57%), and the estimate of between-study variance

Tau-squared = 0.01.

Figure S3. Summary of adjusted risk estimates of obesity on childhood

wheezing disorders. Heterogeneity chi-squared = 28 (d.f. = 14) p = 0.02,

I2 = 49% (95% CI: 8–72%), and the estimate of between-study variance

Tau-squared = 0.02.

Figure S4. Egger’s funnel plots of BMI and childhood asthma and wheezing

disorder studies. (a) Underweight (b) Overweight (c) Obesity risk estimate

funnel plots. In all funnel plots, the middle solid line is the summary OR

estimate and the two diagonal dotted lines are the 95% confidence limits

around the summary OR, and the slant solid line is fitted regression line for

Egger’s small-study effect test.

Table S1. Literature search strategies.

Table S2. Characteristics of included studies.

Table S3. Risk of bias assessment table using Newcastle-Ottawa quality

assessment scale for the studies included in the meta-analysis.
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Table S1: Literature search strategies
EMBASE and Medline

Run on 4th June 2014

1 BMI

2 Current weight

3 Child weight

4 Child BMI

5 Child obesity

6 Obes* adj2 children

7 underweight

8 overweight

9 Child* obesity

10 Child* growth

11 High BMI

12 High weight

13 Low BMI

14 Asthma*

15 Wheez*

16 wheezing

17 Wheezing disorders

18 Asthma in children

19 Childhood asthma

20 Childhood wheez*

21 1-13/or

22 14-20/or

23 21-22/and

24 Limit 23 to English language



Table S2: Characteristics of included studies
Author , year, region Study

design

Sample

size

Participants age

and gender

outcome

terms used

Outcome

ascertainment

Exposure

ascertainment

Exposure

categoriesGennuso et al, 1998, USA CC 171 4-16 years mixed Asthma e-records e-records overweight: 85th-95th and obesity:>95thChinn et al, 2001, UK PC 4,743 9 years mixed Asthma Parent trained IOTF cut-offs for underweight,overweight, and obese.Rodríguez et al, 2002, USA CS 12,388 2 months-16 yearsmixed Asthma Parent No mention Overweight: >85th percentile
Gilliland et al, 2003, USA PC 3,792 7-18 years mixed Asthma Child Trained Overweight: 85th-95th andobese:>95th percentilesBibi et al, 2004, Israel CS 5,984 8 years mixed Asthma Parent Trained Non-obese≤ 95th and obese:>95thCassol et al, 2005, Brazil CS 4,010 13-14 years mixed Asthma Child Trained Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesSaha et al, 2005, 44USA RC 2,544 5-18 years mixed Asthma e-records e-records Overweight: 85th-95th andobese:>95th percentilesWickens et al, 2005, NewZealnd CS 1,287 11-12 years mixed Asthma Parent Trained IOTF cut-offs for underweight,overweight, and obese.Kwon et al, 2006, USA CS 853 2-11 years mixed Asthma Parent No mention Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesShamssain et al, 2006, UK CS 7,000 5-16 years mixed Asthma Parent No mention IOTF cut-offs for underweight,overweight, and obese.Van De Ven et al, 2006,Netherlands CS 10,087 12-14 years mixed Asthma parent parent IOTF cut-offs for underweight,overweight, and obese.CC= Case-control, CS=Cross-sectional, PC=Prospective Cohort, RC=Retrospective Cohort



Author , year, region Study

design

Sample

size

Participants age

and gender

outcome

terms used

Outcome

ascertainment

Exposure

ascertainment

Exposure

categoriesDavis et al, 2007, USA CS 471,969 12-18 years mixed Asthma Child Child Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesTollefsen et al, 2007,Norway PC 1,477 17-19 Wheezing Child Trained Overweight: ≥85th percentile
Tsai et al, 2007, Taiwan CS 2,218 11-12 years mixed Asthma Child e-records Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesVargas et al, 2007, USA CC 2,053 3-5 years mixed Asthma Parents e-records Overweight: 85th-95th andobese:>95th percentilesGarcia-Marcos et al, 2008,Spain CS 874 6-8 years mixed Asthma Parent trained Overweight: >85th percentile
Jacobson et al, 2008, USA CS 517 1-5 years mixed Asthma Parent Trained Overweight: 85th-95th andobese:>95th percentilesKusunoki et al, 2008, Japan CS 45,520 7-15 years mixed Asthma Parent e-records Overweight: 85th-95th andobese:>95th percentilesHe et al, 2009, 56China CS 2,179 8-13 years mixed Asthma Parent No mention Compatible with IOTF cut-offs forunderweight, overweight, andobese.Ahmad et al, 2009, USA CS 63,981 7-17 years mixed Asthma Parent Parent CDC: obese:>95th percentilesKuschnir 2009, Brazil CS 2,858 13-14 years mixed Asthma Trained Trained Underweight: <5thOverweight:>85th percentilesScholtens et al, 2009,Netherlands PC 3,756 8 years mixed Asthma Parent Parent Overweight: >85th percentile
CC= Case-control, CS=Cross-sectional, PC=Prospective Cohort, RC=Retrospective Cohort



Author , year, region Study

design

Sample

size

Participants age

and gender

outcome

terms used

Outcome

ascertainment

Exposure

ascertainment

Exposure

categoriesTai et al, 2009, Australia CS 1,509 4-5 years mixed Asthma Trained Trained IOTF cut-offs for overweight, andobese.Tsai et al, 2009, Taiwan CS 1,329 10-12 years  mixed Asthma child child Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesVazquez-Nava et al, 2010,Mexico RC 1,160 4-5 years mixed Asthma Parent Trained Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesVisness et al, 2010, USA CS 16,074 2-19 years mixed Asthma Parent and child trained Overweight: 85th-95th andobese:>95th percentilesCibella, 2011, Italy CS 708 10-16 years mixed Asthma child Trained Overweight: >85th percentileMatos et al, 2011, Brazil PC 1,129 4-12 years mixed Asthma Parent Trained Overweight: 1SD+Suglia et al, 2011, USA PC 1,815 3 years mixed Asthma Parent Trained Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesYao et al, 2011, Taiwan CS 5,351 4-18 years mixed Asthma Parent Trained IOTF cut-offs for overweight, andobese.Black et al, 2012, USA RC 681,122 6-19 years mixed Asthma e-records e-records Regrouped into Underweight: <5thOverweight: 85th-95th andobese:>95th percentilesMagnusson et al, 2012,Sweden PC 2,075 8 years mixed Asthma Parent e-records Overweight: >85th percentile
Noal et al, 2012, Brazil PC 4,441 11-15 years mixed Wheezing Parent Trained Overweight: 1SD+ and Obese: 2SD+Guibas et al, 2013, Greece CS 1,626 2-5 years mixed Asthma Parent Trained IOTF cut-offs for overweight, andobese.CC= Case-control, CS=Cross-sectional, PC=Prospective Cohort, RC=Retrospective Cohort



Author , year, region Study

design

Sample

size

Participants age

and gender

outcome

terms used

Outcome

ascertainment

Exposure

ascertainment

Exposure

categoriesGuibas et al, 2013, Greece CS 2,015 9-13 years mixed Asthma Parent Trained IOTF cut-offs for overweight, andobese.Silva et al, 2013, Brazil CS 1,500 6-12 years mixed Wheezing Parent Trained Overweight: >85th percentileYiallouros et al, 2013,Cyprus CS 10,981 7-17 years mixed Asthma Parent and child Trained Regrouped into Underweight: <1SDand Overweight:>1SDWang et al, 2014, China CS 30,056 2-14 years mixed asthma Parent Trained Underweight: <5th Overweight:85th-95th and obese:>95thpercentilesCC= Case-control, CS=Cross-sectional, PC=Prospective Cohort, RC=Retrospective Cohort
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Table S3: Risk of bias assessment table using Newcastle-Ottawa quality assessment scale for the studies included in the meta-analysis
Author , year, region Study name selection† Comparability‡ Outcome*Gennuso et al, 1998, USA The relationship between asthma and obesity in urban minority children and adolescents   Chinn et al, 2001, UK Can the increase in body mass index explain the rising trend in asthma in children?   Rodríguez et al, 2002, USA Identification of population subgroups of children and adolescents with high asthmaprevalence: Findings from the third national health and nutrition examination survey   

Gilliland et al, 2003, USA Obesity and the risk of newly diagnosed asthma in school-age children   Bibi et al, 2004, Israel The relationship between asthma and obesity in children: Is it real or a case of overdiagnosis?   

Cassol et al, 2005, Brazil Prevalence and severity of asthma among adolescents and their relationship with the bodymass index   

Saha et al, 2005, USA Individual and neighbourhood-level factors in predicting asthma   Wickens et al, 2005, NewZealnd Obesity and asthma in 11-12 year old New Zealand children in 1989 and 2000   

Kwon et al, 2006, USA Childhood asthma and extreme values of body mass index: The Harlem Children's ZoneAsthma Initiative   

Shamssain et al, 2006, UK The association between overweight and respiratory symptoms in schoolchildren   Van De Ven et al, 2006,Netherlands Atopic diseases and related risk factors among Dutch adolescents   

Davis et al, 2007, USA An association between asthma and BMI in adolescents: results from the California HealthyKids Survey   

Tollefsen et al, 2007,Norway Female gender is associated with higher incidence and more stable respiratory symptomsduring adolescence   

Tsai et al, 2007, Taiwan Associations of BMI, TV-watching time, and physical activity on respiratory symptoms andasthma in 5th grade schoolchildren in Taipei, Taiwan   

Vargas et al, 2007, USA Relationship of body mass index with asthma indicators in Head Start children   
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Author , year, region Study name selection† Comparability‡ Outcome*Garcia-Marcos et al, 2008,Spain Percent body fat, skin-fold thickness or body mass index for defining obesity or overweight,as a risk factor for asthma in schoolchildren: which one to use in epidemiological studies?   

Jacobson et al, 2008, USA Asthma, body mass, gender, and Hispanic national origin among 517 preschool children inNew York City   

Kusunoki et al, 2008, Japan Obesity and the prevalence of allergic diseases in schoolchildren   Ahmad et al, 2009, USA Association between Obesity and asthma in US children and adolescents   He et al, 2009, China Respiratory health in overweight and obese Chinese children   Kuschnir 2009, Brazil Association of overweight with asthma prevalence in adolescents in Rio de Janeiro, Brazil   Scholtens et al, 2009,Netherlands Overweight and changes in weight status during childhood in relation to asthma symptomsat 8 years of age   

Tai et al, 2009, Australia Association between asthma symptoms and obesity in preschool (4-5 year old) children   Tsai et al, 2009, Taiwan The association of BMI and sedentary time with respiratory symptoms and asthma in 5thgrade schoolchildren in Kaohsiung, Taiwan   

Vazquez-Nava et al, 2010,Mexico Association between obesity and asthma in preschool Mexican children   

Visness et al, USA, 2010 Association of Childhood Obesity With Atopic and Nonatopic Asthma: Results From theNational Health and Nutrition Examination Survey 1999–2006   

Cibella et al, 2011, Italy A cross-sectional study assessing the relationship between BMI, asthma, atopy, and eNOamong schoolchildren   

Matos et al, 2011, Brazil Overweight, asthma symptoms, atopy and pulmonary function in children of 4-12 years ofage: findings from the SCAALA cohort in Salvador, Bahia, Brazil   

Suglia et al, 2011, USA Asthma and obesity in three-year-old urban children: Role of sex and home environment   Yao et al, Taiwan, 2011 Associations of age, gender, and BMI with prevalence of allergic diseases in children:PATCH study   

Black et al, 2012, USA Higher prevalence of obesity among children with asthma   Magnusson et al, 2012,Sweden Early childhood overweight and asthma and allergic sensitization at 8 years of age   
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Author , year, region Study name selection† Comparability‡ Outcome*Noal et al, 2012, Brazil Is obesity a risk factor for wheezing among adolescents? A prospective study in southernBrazil   

Guibas et al, 2013, Greece The obesity-asthma link in different ages and the role of Body Mass Index in itsinvestigation: Findings from the Genesis and Healthy Growth Studies   

Silva et al, 2013, Brazil Prevalence of Wheezing and its Association with Body Mass Index and Abdominal Obesityin Children   

Yiallourous, 2013, Cyprus Associations of body fat percent and body mass index with childhood asthma by age andgender   

Wang et al, 2014, China Gender-specific differences in associations of overweight and obesity with asthma andasthma-related symptoms in 30,056 children: result from 25 districts of NortheasternChina
  

†	Stars awarded 1) cohort studies—for representativeness of the overweight/obese group (truly or somewhat representative for a star), selection of the overweight/obese group(drawn from the same community as normal the normal weight group for a star) , ascertainment of overweight/obesity (record linkage or structured interview for a star) anddemonstration that asthma and wheezing disorders were not present at start of study (yes for a star) 2) case-control studies—for representativeness of cases (all legible cases orrandomly sampled  cases for a star) , case definition adequacy (independently validated through hospital or medical records for a star) , selection of controls (community controlsfor a star), definition of controls (mention of no history of outcome for a star) 3) cross-sectional studies—for for representativeness of the overweight/obese group (truly orsomewhat representative for a star), selection of the weight groups (drawn from the same community for a star), ascertainment of overweight/obesity (record linkage orstructured interview for a star). A maximum of 4 stars to be awarded. ‡	 Stars awarded—in all study designs—for adjustment of gender and age, and additional factors. Amaximum of 2 stars to be awarded.
* Stars awarded 1) cohort studies—for assessment of asthma and wheezing disorders (record linkage or independent trained assessor for a star), length of follow-up (≥6 monthsfor a star), and adequacy of follow-up cohorts (≥ 80% for a star) 2) case-control studies—for ascertainment of exposure (blind structured interview or record linkage for a star) ,method of ascertainment for cases and controls (the same method in both groups for a star) , non response rate (the same rate in both groups for a star) 3) cross-sectionalstudies—for assessment of asthma/ wheezing disorders (record linkage or trained assessor for a star), response rate (satisfactory or ≥50% for a star). A maximum of 3 stars tobe awarded.
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[Insert Figure S1 here]
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[Insert Figure S2 here]
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[Insert Figure S3 here]
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[Insert figure S4 here]
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