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Article Type: Review 

 Childhood body mass index and wheezing disordersǣ a systematic review and metaǦanalysis 
 Teumzghi F Mebrahtuͳȗǡ Richard GǤ Feltbowerͳǡ Darren C Greenwoodͳǡ Roger CǤ Parslowͳ 
ͳ Division of Epidemiology and Biostatisticsǡ School of Medicineǡ University of Leedsǡ Leedsǡ United Kingdom ȗ Corresponding authorǤ Addressǣ Division of Epidemiology and Biostatisticsǡ School of medicineǡ University of Leedsǡ Leedsǡ LSʹ ͻJTǡ United KingdomǤ EǦmailǣ mtͲͻtfm̷leedsǤacǤuk 
 

Abstract: 

BACKGROUND: )t has been claimed that overweightȀobesity and childhood asthma and wheezing disorders are associatedǡ although the results of observational studies have remained inconsistentǤ We conducted a systematic review and metaǦanalysis to investigate thisǤ 
METHODSǣ An online search of published papers linking childhood asthma and wheezing with overweightȀobesity up to May ʹͲͳͶ using EMBASE and Medline medical research databases was carried outǤ Summary odds ratios ȋORȌ were estimated using randomǦeffects modelsǤ SubǦgroup metaǦanalyses were performed to assess the robustness of risk associations and betweenǦstudy heterogeneityǤ  
RESULTS: A total of ͵ͺ studies comprising ͳǡͶͳͳǡ͵͵ͷ participants were included in our metaǦanalysisǤ  The summary ORs of underweight ȋδͷth percentileȌǡ overweight ȋεͺͷth to δͻͷth percentileȌǡ and obesity ȋηͻͷth percentileȌ were ͲǤͺͷ ȋͻͷΨ C)ǣ ͲǤ͹ͷ to ͲǤͻ͹Ǣ PαͲǤͲʹȌǡ ͳǤʹ͵ ȋͻͷΨ C)ǣ ͳǤͳ͹ to ͳǤʹͻǢ pδͲǤͲͲͳȌǡ and ͳǤͶ͸ǡ ȋͻͷΨ C)ǣ ͳǤ͵͸ to ͳǤͷ͹ǡ PδͲǤͲͲͳȌ respectivelyǤ (eterogeneity was significant and substantial in all three weight categoriesǡ and not accounted for by predefined study characteristicsǤ  
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CONCLUSION: Our results suggest that underweight is associated with a reduced risk of childhood asthmaǡ and overweight and obesity are associated with an increased risk of childhood asthmaǤ Although our findings assert that overweightȀobesity and childhood asthma are associatedǡ the causal pathway and temporal aspects of this relationship remain unanswered and deserve further epidemiological investigationǤ  
 
Running title: Childhood Body Mass )ndex and wheezing disorders 
 
Introduction: Asthma is a major chronic disease of childhood whose prevalenceǡ based on self reported symptoms has increased in recent times and is projected to rise in the future ȋͳ ʹȌǤ Alongside this trend in asthmaǡ the global prevalence of overweight or obesity in infants and under five has increased from ͵ͳ million to ͶͶ million during ͳͻͻͲǦʹͲͳʹ with the potential of a further ͸ͲΨ increase in the coming decade ȋ͵ȌǤ 
Previous observational epidemiologic studies suggested that overweightȀobesity and childhood asthma are associated although the results remain inconsistentǤ A metaǦanalysis of four observational epidemiologic studies had reported that there is a ͷͲΨ ȋrelative riskαͳǤͷͲǢ ͻͷΨ C)ǣ ͳǤʹ to ͳǤͺȌ increased risk of childhood asthma for overweight ȋͶȌǤ (oweverǡ the included studies used a variety of risk estimate definitionsǣ three used odds ratioǡȋͷǦ͹Ȍ and another used relative risk ȋͺȌǤ  
Results from a recent metaǦanalysis of ͸ cohort studies by Chen et al ȋͻȌ reported relative risks of ͳǤͳͻ ȋͻͷΨ C)ǣ ͳǤͲ͵ to ͳǤ͵͹Ȍ and ʹǤͲʹ ȋͻͷΨ C)ǣ ͳǤͳ͸ to ͵ǤͷȌ of childhood asthma for overweight and obesity respectivelyǤ )n a metaǦanalysis of ͸ prospective studiesǡ Egan et al ȋͳͲȌ also reported that there is a ͵ͷΨ ȋrelative riskα ͳǤ͵ͷǡ ͻͷΨ C)ǣ ͳǤͳͷ to ͳǤͷͺȌ and ͷͲΨ ȋrelative 
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riskαͳǤͷͲǡ ͻͷΨ C)ǣ ͳǤʹʹ to ͳǤͺ͵Ȍ increase in risk of childhood asthma for overweight and obesity respectively ȋͳͲȌǤ (oweverǡ the age of study populationsǡ Body Mass )ndex ȋBM)Ȍ categorizationsǡ and risk estimate definitions were not consistent across the studies included in the two metaǦanalysesǤ For exampleǡ in the metaǦanalysis by Egan et alǡȋͳͲȌ one study used data driven quintile BM) categories ȋͳͳȌǡ whilst the other two studies used only high risk children ȋͳʹ ͳ͵Ȍǡ two used relative risk ȋͺ ͳͳȌǡ one used hazard ratio ȋͳͶȌǡ and the other three used odds ratioȋͳʹ ͳ͵ ͳͷȌ as risk estimate definitionsǤ  Likewiseǡ in the metaǦanalysis by Chen et al ȋͻȌǡ one study included adult population ȋη ʹͳ years oldȌ ȋͳ͸Ȍǡ and another used δʹͷthǡ ʹͷthǦͺͶthǡ and ηͺͷth percentiles for underweightǡ normalǡ and overweight respectivelyǡ another one used bronchitis as the outcome variable instead of asthma or wheezing symptoms ȋͳ͹Ȍǡ   
Combining studies that included child and adult populationsǡ used nonǦstandard and inconsistent BM) categories and variety of risk estimate definitions in a metaǦanalysis may bias the summary risk estimatesǤ For exampleǡ suppose that two studies used ͵Ͳth percentileǡ three used ͳͲth percentile and four other used ͷth percentile as cutǦoff points for underweightǤ Thenǡ it becomes difficult to combine these ͻ studies in a metaǦanalysis as the cutǦoff points used are not equivalentǤ The last group used a standard BM) cutǦoff point for underweight ȋͷth percentileȌ and the other two groups used cutǦoff points of convenience where some individuals grouped as underweight in these studies are normal BM) according to the standard BM) categorization methodsǤ Similarlyǡ although the estimates from odds ratio and relative risk are similar when the disease is rare ȋδͳͲΨȌǡ they diverge as the prevalence increases ȋͳͺȌǡ potentially biasing the summary risk estimates derived from combined odds ratios and relative risksǤ 
Up to May ʹͲͳͶǡ there were more than forty observational studies that reported original dataǡ comprising more than a million peopleǡ less than ͳͲΨ of whom have been included in the previous metaǦanalysesǤ We hypothesize that combining studies that vary in exposure ȋBM)Ȍ categorizationsǡ outcome and risk estimate definitionsǡ and have adult populations may potentially under or over estimate the summary risk estimate of BM) on childhood wheezing 
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disordersǤ Based on these observationsǡ we aimed to provide an upǦtoǦdate and more consistent investigation of the association between overweightȀobesity and childhood asthma and wheezing disorders through a systematic review and metaǦanalysis of studiesǡ using consistent exposure and risk estimation definitionsǡ and the standard World (ealth Organization ȋW(OȌ definition of the age range for children and adolescents ȋͳͻȌǤ 
 

Methods: 

Search strategy:  The review was carried out in accordance with the PR)SMA guidelines for systematic reviews and metaǦanalyses ȋʹͲȌǤ An online search of observational studies ȋcohortǡ caseǦcontrolǡ and crossǦsectionalȌǡ published as an article in English languageǡ was carried out using EMBASE and MEDL)NE databases ȋFigure ͳȌǤ  A literature search was carried out by the first authorǤ Eligible studies were those original reports on childhood wheezing disorders and BM)ǡ covering ͲǦͳͻ years of ageǡ published until May ʹͲͳͶǤ  Table Sͳ gives the details of terms and phrases used for the literature searchǤ  
To avoid assuming a linear associationǡ papers were excluded if BM) was modelled as a continuous variableǤ Publications were also excluded if authors used dataǦdriven multiple categories of BM)ǡ and if the number of categories presented were generally too few ȋδͶȌ to allow combination with studies through estimating nonlinear doseǦresponse curves ȋʹͳȌǤ Papers were also excluded if no risk estimates or comparison groups were presentedǡ or if an adult population was included with no separate risk estimate or data for children availableǤ  
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Data extraction: Studies were selected by two independent reviewersǤ The following study characteristics were extractedǣ authorsǡ year of publicationǡ countryǡ study designǡ sample sizeǡ study age groupǡ outcome ȋdiagnosisȌ term usedǡ exposure ȋBM)Ȍ categories usedǡ exposure categorization methodǡ outcome ascertainmentǡ and exposure ascertainmentǤ Data extraction was carried out independently by two reviewersǤ Differences were resolved by consensusǤ 
Data standardization: 

Exposure variable (BMI): Data on exposure variable presented varied according to the cutǦoff points of BM) categories adopted by authorsǤ  1) The CDCǣ δͷth percentileǡ ηͷth and δͺͷth percentilesǡ η ͺͷthǦδͻͷth percentilesǡ and ηͻͷth percentile for underweightǡ normalǡ overweightǡ and obese categories respectively ȋʹʹȌǤ 2) The )nternational Obesity Task Forceǣ Age and sex specific cutǦoff points that are extrapolated from the adult BM) cutǦoffs of ͳͺǤͷkgȀmʹǡ ʹͷkgȀmʹǡ and ͵ͲkgȀmʹ for underweightǡ overweightǡ and obesity respectively ȋʹ͵ ʹͶȌǤ 3) The W(Oǣ ͺͷthǦͻͷth percentile and ηͻͷth percentiles or ͳSDΪ and ʹSDΪ for overweight and obese respectively ȋʹͷȌǤ 4Ȍ Data driven multiple BM) categoriesǤ  
For comparability and not to lose data due to variation in categorization methodsǡ data harmonization was undertakenǤ AȌ Where authors used one of the standard category methods ȋCDCǡ )OTF or W(OȌǡ the reported adjusted risk estimates and data on the number of cases and nonǦcases of each weight comparison group were combined for metaǦanalysis without any changeǤ B) Where authors adopted data driven BM) categories with the CDCǡ )OTF or W(O normal category as a reference and where the number of participants in each category was availableǡ the stratum based number of cases and non cases were aggregated before being combined with the other studies for metaǦanalysis of unadjusted risk estimatesǤ CȌ Where authors adopted two or three birthweight categories with CDCǡ )OTF or W(O normal category 
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as a reference and provided adjusted risk estimatesǡ the stratum based risk estimates were aggregated using recommendations from (amling et al ȋʹ͸Ȍ before being combined with the other studies for metaǦanalysis of adjusted risk estimatesǤ 
Outcome variable: Study authors used one or multiple outcome terms in their reportingǤ Againǡ for comparability among studiesǡ where authors used a single outcomeǡ eǤgǤ asthma or wheezingǡ the quoted outcome term by the author and its risk estimate were assumed for analysisǤ (oweverǡ where authors used multiple outcome termsǡ a term that was highest in the hierarchy and its risk estimates were assumed for analysisǤ For exampleǡ if asthma and wheezing were used togetherǡ asthma was preferred over wheezingǤ  
Quality assessment: Papers included in this review were assessed for risks of bias using the NewcastleǦOttawa quality assessment scale ȋʹ͹ȌǤ Each of the studies was assessed for three quality componentsǣ selection of study populationǡ comparability ȋadjustment for covariatesȌ and outcome or exposureǤ Table S͵ gives the details of studies with respective scoresǤ 
Statistical analysis: )n the metaǦanalyses of all studiesǡ random effects models were preferred as we made an assumption that the studies were not functionally identical and the aim of our metaǦanalysis was to generalize about other populations ȋʹͺȌǡ Estimates were pooled using the DerSimonian and Laird method ȋʹͻȌǤ 
)f studies presented stratumǦspecific estimates ȋeǤgǤ by genderȌǡ then to provide correct measures of heterogeneityǡ the risk estimates were aggregated using fixed effect models before being combined with the other studies for metaǦanalyses of adjusted risk estimates in a randomǦeffects modelǤ Likewiseǡ where authors reported the number of cases and nonǦcases in each stratumǡ the total number of cases and nonǦcases were aggregated before being combined 
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with the other studies for metaǦanalyses of unadjusted risk estimates of all studiesǤ Odds ratios were the principal summary measuresǤ 
To quantify betweenǦstudy heterogeneityǡ the Cochrane QǦtest ȋ͵ͲȌ and the )ʹ measure of the proportion of the total heterogeneity explained by between study variation ȋ͵ͳȌ were usedǤ  SubǦgroup metaǦanalyses and sensitivity analysis of unadjusted risk estimates were performed on a priori selected covariates ȋstudy characteristicsȌ in order to assess the robustness of the risk associations and levels of betweenǦstudy heterogeneitiesǤ )n order to account for the sources of betweenǦstudy heterogeneityǡ metaǦregression ȋ͵ʹȌ of unadjusted risk estimates was performed using Restricted Maximum Likelihood ȋREMLȌǤ 
)n investigating evidence of publication bias and small study effectsǡ symmetry funnel plots and bias test models were used ȋ͵͵ ͵ͶȌǤ ͷΨ significance levels and ͻͷΨ confidence intervals were adopted throughoutǤ MetaǦanalyses were carried out in Stata software version ͳʹ ȋStata Corpǡ College Stationǡ TXǡ USAȌǤ 
 
Results:  

Literature search: )n totalǡ ʹͺͺ͹ nonǦduplicate papers were available and screenedǢ ʹͺͲͲ excluded due to nonǦrelevance and ͺ͹ were read in full ȋFig ͳȌǤ Out of the ͺ͹ papersǡ ͶͶ were included in the reviewǤ A total of ͵ͺ studies reported either the risk estimates or number of cases and nonǦcases of wheezing disorders in each exposure group were included in the metaǦanalysis ȋTable SʹȌǤ The studies were from Europe αͳͳǡ Americas αͳͺǡ Asia α͹ and OceaniaαʹǤ  
Results from six studies were not combined with the other studies for metaǦanalysis as five of them used slightly different percentile cutǦoff points ȋ͵ͷǦ͵ͻȌ and another used pooled data from over different continents and presented a summary risk estimate ȋͶͲȌǤ    
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Quality of studies: With the maximum of ͻ points for each articleǡ of the ͵ͺ included in the metaǦanalysisǣ twentyǦfive scored ͹Ǧͻǡ thirteen scored ͷǦ͸ǡ and their risks of biases can be interpreted as Ǯlowǯ and Ǯmoderateǯ respectivelyȋTable SʹȌǤ 
Underweight and childhood wheezing disorders: A total of ͹ studies presented data on the number of cases and nonǦcases in underweight and normal BM) groups comprising a total of ͹͹ʹǡͲͶͲ children ȋ͹ ͶͳǦͶ͸ȌǤ The summary risk estimate of the studies showed that there was a significant decrease odds of wheezing disorders ȋORα ͲǤͺͷǡ ͻͷΨ C)ǣ ͲǤ͹ͷ to ͲǤͻ͹Ǣ PαͲǤͲʹȌ for the underweight children ȋFigure ʹȌǤ There was considerable heterogeneity among the studies ȋQαʹͻǡ dǤfǤα͸ǡ PδͲǤͲͲͳǢ )ʹα͹ͻΨǡ ͻͷΨ C)ǣ ͷͺΨ to ͺͻΨȌǤ When a metaǦanalysis was performed on four studies ȋ͹ Ͷ͹ǦͶͻȌ that provided adjusted risk estimatesǡ the overall OR was ͲǤͻ͸ ȋͻͷΨ C)ǣ ͲǤ͹ͷ to ͳǤʹ͵ǡ PαͲǤ͹ͷȌ with very low heterogeneity among studies ȋQαʹǡ dǤfα͵ǡ PαͲǤ͸ͷǢ )ʹαͲΨȌ ȋFigure SͳȌǤ 
Overweight and childhood wheezing disorders: A total of ʹͻ studies presented data on the number of cases and nonǦcases in the overweight and normal BM) groups that included a total of ͳǡͲ͹ͷǡͲͶʹ children ȋ͹ ͺ ͶͳǦͶ͸ ͷͲǦ͸ͻȌǤ The summary of the ORs showed that there was a significant increased risk of wheezing disorders ȋORǣ ͳǤʹ͵ǡ ͻͷΨ C)ǣ ͳǤͳ͹ to ͳǤʹͻǢ pδͲǤͲͲͳȌ ȋFigure ͵ȌǤ There was a considerable heterogeneity among the studies ȋQα͹ͺǡ dǤfǤ α ʹͺǢ )ʹ α ͸ͶΨǢ ͻͷΨ C)ǣ Ͷ͸Ψ to ͹͸ΨȌǤ  When metaǦanalysis was carried out on ʹͳ studies ȋ͹ Ͷ͹ǦͶͻ ͷͷǦͷͺ ͸Ͳ ͸ͳ ͸ͶǦ͹͵Ȍ that presented adjusted risk estimates of overweight on childhood wheezing disordersǡ the summary risk estimate was slightly accentuated ȋORαͳǤ͵Ͳǡ ͻͷΨ C)ǣ ͳǤͳͻ to ͳǤͶʹǢ PδͲǤͲͲͳȌ whereas the betweenǦstudy heterogeneity substantially decreased ȋQαʹ͹ǡ dǤfǤαʹͲǡ PαͲǤͳʹǢ )ʹαʹ͹Ψǡ ͻͷΨ C)ǣ ͲǤͲ to ͷ͹ΨȌ ȋFigure SʹȌǤ 
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Obesity and childhood wheezing disorders: A total of ʹͲ studies presented data on the number of cases and nonǦcases of wheezing disorders in the normal and obese group that comprised ͳǡͲͲ͵ǡͲ͹͸ children ȋ͹ ͶͳǦͶ͵ Ͷͷ ͷͲǦͷʹ ͷͶ ͷͷ ͷ͹ ͷͻǦ͸ͳ ͸Ͷ ͸͸ ͸͹ ͸ͻ ͹ͶȌǤ The overall risk estimate showed that there was a significant increase in the risk of wheezing disorders for obesity ȋOR αͳǤͶ͸ǡ ͻͷΨ C)ǣ ͳǤ͵͸ to ͳǤͷ͹Ȍ ȋFigure ͶȌǤ There was substantial heterogeneity among the studies ȋQα ͳͳͳǡ dǤfǤ α ʹͲǢ )ʹ α ͺʹΨ ȋͻͷΨ C)ǣ ͹͵Ψ to ͺͺΨȌǤ  (oweverǡ when the analysis was repeated on the adjusted risk estimate of obesity on wheezing disorders available from ͳ͸ studies ȋ͹ ͺ Ͷ͹ǦͶͻ ͷ͹ ͸Ͳ ͸ͳ ͸Ͷ ͸͸ ͸͹ ͸ͻ ͹ʹ ͹Ͷ ͹ͷȌǡ the heterogeneity was attenuated ȋQαʹͺǡ dǤfαͳͶǡ PαͲǤͲʹǢ )ʹαͶ͸Ψǡ ͻͷΨ C)ǣ ͵Ψ to ͹ͲΨȌ whilst the summary risk estimate slightly increased ȋORαͳǤ͸Ͳǡ ͻͷΨ C)ǣ ͳǤͶʹ to ͳǤͺͳȌ ȋFigure S͵ȌǤ  
Sub-group meta-analyses: Subgroup metaǦanalysis of underweight risk estimates on childhood wheezing disorders from ͹ studies showed that the strength of the risk estimates remained stable across each subgroup of the predefined covariatesǤ The heterogeneities across each subgroup of the covariates were significant while except for the covariate Ǯexposure categorization methodǯǡ the heterogeneities between each subgroup of the covariates were not significant ȋTable ͳȌǤ  
When subgroup metaǦanalysis of the ʹͻ studies by the predefined study characteristics was carried outǡ except for the )OTF categorization method and papers published before ʹͲͲͲ that were not statistically significantǡ the strength and direction of the summary risk estimates in each subgroup remained stable ȋTable ʹȌǤ The within subgroup heterogeneity was not significant for the wheezing outcome termǡ eǦrecords outcome ascertainmentǡ parental exposure ascertainmentǡ W(O BM) categorization methodǡ sample size less than ͳͲͲͲǡ and caseǦcontrol study design where it was significant for the rest of the subgroups ȋTable ʹȌǤ Except for outcome ascertainmentǡ age group during diagnosisǡ sample sizeǡ and study design subgroupsǡ there was no significant heterogeneity between each subgroup of the other covariatesǤ  
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A subgroup metaǦanalysis of ʹͳ studies that presented the risk estimate data of obesity on childhood wheezing disorders by the a priori selected covariates was performedǡ except for the caseǦcontrol study design subgroupǡ the strength and direction of the summary risk estimates in each subgroup remained stableǤ There were significant within subgroup heterogeneities except for the outcome ascertainment through a childǡ exposure ascertainment not mentionedǡ )OTF BM) categorization methodǡ and sample size less than ͳͲͲͲ subgroupsǤ Alsoǡ except for the sample size subgroupsǡ there were significant heterogeneities between each subgroup of the other covariates ȋTable ͵ȌǤ 
When investigating the sources of betweenǦstudy heterogeneity in the overweightȀobesity and wheezing disorders risk estimatesǡ the results showed that none of the heterogeneity was explained by the a priori selected covariates ȋTables Ͷ Ƭ ͷȌǤ No metaǦregression analysis was carried out for underweight risk estimates on childhood wheezing disorders due to not having enough observations for the model to convergeǤ 
When sensitivity analysis of the summary unadjusted risk estimates were carried out according to the number of BM) categories used by authorsǡ  the summary OR of overweight on asthma for twoǡ threeǡ and four BM) categories were ͳǤͶͺ ȋͻͷΨ C)ǣ ͳǤͳͻ to ͳǤͺͶȌǡ ͳǤʹͶ ȋͳǤͳͶ to ͳǤ͵ͷȌǡ and ͳǤͳͷ ȋͳǤͲͻ to ͳǤʹͳȌ respectively ȋTable ʹȌǤ When the same analysis was carried out on obesity risk estimatesǡ the summary OR of obesity on wheezing disorders for twoǡ threeǡ and four BM) categories were ʹǤͲͷ ȋͳǤͶʹ to ʹǤͻͷȌǡ ͳǤͶͺ ȋͳǤ͵Ͳ to ͳǤ͸͹Ȍ and ͳǤͶͲ ȋͳǤʹ͸ to ͳǤͷ͸Ȍ respectively ȋTable ͵ȌǤ Furthermoreǡ the summary odds ratios remained similar when the studies were clustered according to study quality and developmental stage of children ȋiǤeǤ underǦfiveǡ school age ȋͷǦ͹ yearsȌǡ puberty ȋͺǦͳͶ yearsȌǡ adolescence or beyond puberty ȋͳͷǦͳͻ yearsȌǡ and mixed stagesȌǤ 
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Investigating biases (small study effect): The funnel plots for the unadjusted risk estimates of BM) on childhood wheezing disorders showed some evidence of asymmetry in the overweight ȋPαͲǤͲͶȌǡ but not in the underweight and obese categories ȋPαͲǤͻʹ and PαͲǤ͵ͳ respectivelyȌ ȋFigure SͶȌǤ  
Discussion: )n this more comprehensive metaǦanalysisǡ we have found that there is a significant increase of childhood wheezing disorders risk by ʹ͵Ψ ȋORǣ ͳǤʹ͵ǡ ͻͷΨ C)ǣ ͳǤͳ͹ to ͳǤʹͻȌ and Ͷ͸Ψ ȋORαͳǤͶ͸ǡ ͻͷΨ C)ǣ ͳǤ͵͸ to ͳǤͷ͹Ȍ for overweight and obesity respectivelyǤ We have also found that there is a significant ͳͷΨ reduction of wheezing disorders risk for underweight ȋORα ͲǤͺͷǡ ͻͷΨ C)ǣ ͲǤ͹ͷ to ͲǤͻ͹ȌǤ )f we were to restrict our metaǦanalysis only for the cohort studies as Chen et al ȋͻȌ and Egan et al ȋͳͲȌ didǡ the summary relative risk estimates for overweight and obesity are ͳǤʹͳ ȋͻͷΨ C)ǣ ͳǤͲͺ to ͳǤ͵͸Ȍ and  ͳǤͶʹ ȋͳǤ͵ͳ to ͳǤͷͶȌ respectivelyǤ (oweverǡ our summary relative risk estimates for only cohort studies may not be comparable to that of Egan et alȋͳͲȌ as the risk estimate definition was not consistent across the studies included in their metaǦanalysisǤ Our overweight summary relative risk estimates for only cohort studies and that reported by Flaherman and Rutherford ȋͶȌ metaǦanalysis may also not be comparable for the same reasonsǤ   
One notable difference between our study and the three previous metaǦanalyses results is that our summary risk estimates have narrower confidence intervals and are more robust than those previously reportedǤ This is likely to be due to the larger number of participants in our metaǦanalysisǤ )t could be also due to our usage of data harmonizationǡ consistent definition of the risk estimates and BM) categorization methodsǡ and the usage of standard W(O child and adolescent age range definition ȋͳͻȌǤ 
Based on our subǦgroup metaǦanalyses results of the unadjusted risk estimatesǡ we noted that the summary ORs estimates tended to attenuate as the number of BM) categories used by study authors increasedǤ For exampleǡ the summary associated risk of overweight on wheezing disorders for authors that used two BM) categories was twice and thrice of those which used 
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three and four BM) categories respectively ȋTable ʹȌǤ A similar pattern was also observed in the obesity risk estimates according to the number of BM) categories used by authors ȋTable ͵ȌǤ  
Our subǦgroup metaǦanalyses by study design showed that the summary risk estimates of the cohort and crossǦsectional studies are very similarǡ both for the overweight and obesity risk estimatesǤ This may indicate that crossǦsectional studies can be as credible as cohort studies although the findings need to be validated by other metaǦanalyses in other fields or with more data includedǤ  CrossǦsectional studies are also easier and cheaper to conduct than caseǦcontrol and cohort studiesǡ and this can have implication for cost saving and efficiencyǤ  
We investigated the effects of age and developmental stage of children on the association between BM) and childhood wheezing disorders by classifying the age of children into ǮunderǦfiveǯǡ Ǯfive years and aboveǯ and Ǯmixed age groupǯǢ and developmental stage into ǮunderǦfiveǯǡ Ǯschool age ȋͷǦ͹ yearsȌǯǡ puberty ȋͺǦͳͶ yearsȌǯǡ adolescence ȋͳͷǦͳͻ yearsȌǯ and Ǯmixed stagesǯǤ (oweverǡ we found no significant effect on the risk of associationǤ   
Based on the heterogeneity measures ȋQǦtest and )ʹȌǡ we observed that there was a considerable level of betweenǦstudy variation in the underweightǡ overweight and obesity unadjusted risk estimates although this could be due higher sample size studies in our analyses ȋ͹͸ȌǤ As noted in the forest plotsǡ there were a few studies with large samples and high precision of risk estimates that can have dominating effects for the betweenǦstudy heterogeneities ȋFigures ͵ƬͶȌǤ (oweverǡ the same pattern was not observed in the adjusted risk estimatesǣ the betweenǦstudy heterogeneities were low in underweightǡ overweightǡ and obesity risk estimates ȋFigures SʹƬ S͵ȌǤ 
)n our attempt to uncover the effects of study level covariates to the observed significant betweenǦstudy heterogeneity in the underweightǡ overweightǡ and obesity unadjusted risk estimates on childhood wheezing disordersǡ none of the predefined covariates ȋstudy characteristicsȌ explained the betweenǦstudy variationsǤ  
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Our analyses have certain limitationsǤ Firstlyǡ in all BM) categories unadjusted summary risk estimates on wheezing disordersǡ we found that there was a significant and substantial level of betweenǦstudy variation that was not explained by our a priori selected covariatesǤ We may be reassured though that our summary risk estimates were consistently similar with those of the adjusted summary risk estimates ȋexcept for underweightȌ and the betweenǦstudy variations ranged ͲǦͶͻΨǤ Secondlyǡ we also had some evidence of funnel plot asymmetry which may indicate a potential small study effect such as potential publication bias ȋ͵͵ȌǤ 
Thirdlyǡ as in any systematic review and metaǦanalysisǡ we cannot rule out the possibility of potentially relevant studies being missed by our search strategyǤ Fourthlyǡ our results are based on epidemiologic observational studies and are solely dependent on the quality of the primary studies includedǤ Particularlyǡ wheezing disorders were ascertained through self administered questionnaires in the majority of the studies included that may cause a potential bias to the risk estimatesǤ 
The strength of our work is that we were able to produce consistent risk estimates due to our use of harmonised dataǤ 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 BM) categories convertible to one of the standard formats or combining all irrespective of the type of exposure categorization method usedǤ )n order to improve validity of the summary risk estimatesǡ we implemented data harmonization techniques and were able to include more studies than if we were to use previous authorsǯ techniquesǣ most importantlyǡ we were able to produce more consistent summary risk estimates of underweightǡ overweightǡ and obesity on wheezing disorders than if we were to combine nonǦstandard multiple cutǦoff pointsǤ  The other strength of this work is that we extracted and analysed both adjusted and unadjusted risk estimatesǡ which can be used as an internal validation with each otherǤ 
)n conclusionǡ our results suggest that underweight is associated with a reduced odds of childhood wheezing disordersǡ and overweight and obesity are associated with an increased 
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odds of wheezing disordersǤ (oweverǡ although our findings assert that overweightȀobesity and childhood wheezing disorders are associatedǡ the causality or temporal relationship remains unanswered and deserves further scrutiny in epidemiological studiesǤ  
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Table 1: subgroup analysis for unadjusted risk estimates of underweight on childhood wheezing disorders   OR ȋͻͷΨ C)Ȍ n )ʹ Pheta PhetbOutcome terms used Asthma ͳǤ͹Ͷ ȋͳǤͷͲǡ ʹǤͲʹȌ ͹ ͹ͻΨ δͲǤͲͲͳ  wheezing Ͳ   Outcome ascertainment EǦrecordsȀtrained ͳǤͲͺȋͲǤ͸Ͷǡ ͳǤͺȌ ʹ ͺͺΨ δͲǤͲͳ ͲǤͲ͸ child ͲǤͺ͹ ȋͲǤͺ͵ǡ ͲǤͻͳȌ ͳ  parent ͲǤͺͳ ȋͲǤͷͲǡͳǤ͵ͳȌ Ͷ ͺͳΨ δͲǤͲͳ  Exposure ascertainment EǦrecordsȀtrained ͲǤͺͶ ȋͲǤ͸ʹǡ ͳǤͳͷȌ ͷ ͺͷΨ δͲǤͲͲͳ  ͲǤʹ͹ child ͲǤͺ͹ ȋͲǤͺ͵ǡ ͲǤͻͳȌ ͳ ͲΨ  Parent Ͳ  No mention ͳǤͶʹ ȋͲǤ͸ͻǡ ʹǤͺͻȌ ͳ ͲǤͲΨ   Exposure categorization method 
CDC ͲǤͻͲ ȋͲǤͺʹǡ ͲǤͻ͹Ȍ ͷ ͸ʹΨ ͲǤͲ͵ δͲǤͲͲͳ )OTF ͲǤͶͷ ȋͲǤ͵͵ǡ ͲǤ͸ͳȌ ͳ ͲΨ  W(O  ͲǤͺʹ ȋͲǤͷ͹ǡ ͳǤͳͺȌ ͳ ͲΨ   Age during diagnosis Five years Ƭ above ͲǤͺͶ ȋ͹ͶǤͳͷǡ ͲǤͻ͸Ȍ ͸ ͺʹΨ δͲǤͲͲͳ ͲǤͳ͹ Mixed ȋͲǦͳͻ yearsȌ ͳǤͶʹ ȋͲǤ͸ͻǡ ʹǤͻͲȌ ͳ ͲΨ  Under five years Ͳ  Gender  Boys Ͳ   Girls Ͳ   Mixed ͲǤͺͷ ȋͲǤ͹ͷǡͲͻ͹Ȍ ͹ ͹ͻΨ δͲǤͲͲͳ Sample size δͳͲͲͲ ͳǤͶʹ ȋͲǤ͸ͻǡ ʹǤͺͻȌ ͳ  ͲǤͳ͹  ͳͲͲͲΪ ͲǤͺͶ ȋͲǤ͹Ͷǡ ͲǤͻ͸Ȍ ͸ ͺʹΨ δͲǤͲͲͳ Study period δʹͲͲͲ Ͳ    ʹͲͲͲΪ ͲǤͺͷ ȋͲǤ͹ͷǡ ͲǤͻ͹Ȍ ͹ ͹ͻΨ δͲǤͲͲͳ Study Design cohort ͲǤ͸ʹ ȋͲǤ͵Ͷǡ ͳǤͳ͹Ȍ ʹ ͻͶΨ δͲǤͲͲͳ  CaseǦcontrol Ͳ  ͲǤͳʹ CrossǦsectional ͲǤͺͷ ȋͲǤ͹ͷǡ ͲǤͻ͹Ȍ ͷ ͷͻΨ ͲǤͲͷ  Number of BM) categories c Two Ͳ  Three ͳǤͲͻ ȋͲǤ͸ʹǡ ͳǤͻͳȌ ʹ ͹ͻΨ ͲǤͲ͵ ͲǤͲ͹Four ͲǤͺͳ ȋͲǤ͹ͳǡ ͲǤͻ͵Ȍ ͷ ͺͳΨ δͲǤͲͲͳ a P for heterogeneity within each subgroupǤ b P for heterogeneity between each subgroupǤ c  Sensitivity analysis  
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Table 2: subgroup analysis for unadjusted risk estimates of overweight on childhood wheezing disorders    OR ȋͻͷΨ C)Ȍ n )ʹ Pheta PhetbOutcome terms used Asthma ͳǤʹ͵ ȋͳǤͳ͹ǡ ͳǤʹͻȌ ʹ͹ ͸͸Ψ δͲǤͲͲͳ ͲǤͶͶ wheezing ͳǤʹ͵ ȋͳǤͲͷǡ ͳǤͶʹȌ ʹ ͲΨ ͲǤͷ  Outcome ascertainment EǦrecordsȀtrained ͳǤͳͻ ȋͳǤͲͷǡ ͳǤ͵͸Ȍ ͷ ͶͲΨ ͲǤͳ͸ δͲǤͲͳ child ͳǤ͵Ͳ ȋͳǤͲͷǡ ͳǤ͸ͲȌ Ͷ ͸ͶΨ ͲǤͲͶ parent ͳǤʹ͹ ȋͳǤͳͷǡ ͳǤͶͲȌ ʹͲ ͸ͶΨ δͲǤͲͲͳ 
 Exposure ascertainment EǦrecordsȀtrained ͳǤʹʹ ȋͳǤͳͶǡ ͳǤ͵ʹȌ ʹͶ ͷͻΨ δͲǤͲͲͳ  δͲǤͲͲͳ child ͳǤͳ͵ ȋͳǤͳͳǡ ͳǤͳͷȌ ͳ  Parent ͳǤͷͶ ȋͳǤ͵ʹǡ ͳǤͺͲȌ ʹ ͲΨ ͲǤ͹͹ No mention ͳǤ͵ͺ ȋͳǤͲͳǡ ͳǤͺͺȌ ʹ ͶʹΨ ͲǤͳͺ  Exposure categorization method 

CDC ͳǤʹͶ ȋͳǤͳ͹ǡ ͳǤ͵ͲȌ ͳͺ ͸ͷΨ δͲǤͲͲͳ ͲǤ͹Ͷ )OTF ͳǤͲ͹ ȋͲǤͺ͸ǡ ͳǤ͵͵Ȍ ͺ ͹ͷΨ δͲǤͲͲͳ W(O  ͳǤʹͳ ȋͳǤͲ͸ǡ ͳǤ͵ͻȌ ͵ ͲΨ ͲǤͻͺ  Age during diagnosis Five years Ƭ above ͳǤʹͳ ȋͳǤͳͷǡ ͳǤʹͺȌ ͳ͹ ͸͹Ψ δͲǤͲͲͳ ͲǤͲ͵ Mixed ȋͲǦͳͻ yearsȌ ͳǤʹͳ ȋͳǤͲ͹ǡ ͳǤ͵͹Ȍ ͳʹ ͷͷΨ ͲǤͲͳ Under five years Ͳ  Gender  Boys Ͳ   Girls Ͳ   Mixed ͳǤʹ͵ ȋͳǤͳ͹ǡ ͳǤʹͻȌ ʹͻ ͸ͶΨ δͲǤͲͲͳ Sample size δͳͲͲͲ ͳǤͷ͹ ȋͳǤͳͲǡ ʹǤʹ͵Ȍ Ͷ ͵ͺΨ ͲǤͳ͹ ͲǤͲͳ  ͳͲͲͲΪ ͳǤʹͳ ȋͳǤͳ͸ǡ ͳǤʹ͹Ȍ ʹͷ ͸ͶΨ δͲǤͲͲͳ Study period δʹͲͲͲ ͳǤͲ͸ ȋͲǤͶ͸ǡ ʹǤͶʹȌ ͳ ͲΨ  ͲǤͺͶ  ʹͲͲͲΪ ͳǤʹ͵ ȋͳǤͳ͹ǡ ͳǤʹͻȌ ʹͺ ͸ͷΨ δͲǤͲͲͳ Study design cohort ͳǤʹ͸ ȋͳǤͲͻǡ ͳǤͶ͹Ȍ ͺ ͸͹Ψ δͲǤͲͳ  CaseǦcontrol ͳǤͶͷ ȋͳǤͲ͵ǡ ʹǤͲͷȌ ʹ ͲΨ ͲǤͶͳ ͲǤͳ͸ CrossǦsectional ͳǤʹͶ ȋͳǤͳͷǡ ͳǤ͵ͶȌ ͳͻ ͸͸Ψ δͲǤͲͲͳ  Number of BM) categories c Two ͳǤͶͺ ȋͳǤͳͻǡ ͳǤͺͶȌ ͹ ͹ͺΨ ͲǤͲͺ Three ͳǤʹͶ ȋͳǤͳͶǡ ͳǤ͵ͷȌ ͳ͹ ͵ͷΨ δͲǤͲͲͳ ͲǤͲͳFour ͳǤͳͷ ȋͳǤͲͻǡ ͳǤ͵ͷȌ ͷ ͹ͶΨ δͲǤͲͲͳ a P for heterogeneity within each subgroupǤ b P for heterogeneity between each subgroupǤ c  Sensitivity analysis 
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Table 3: subgroup analysis for unadjusted risk estimates of obesity on childhood wheezing disorders   OR ȋͻͷΨ C)Ȍ n )ʹ Pheta PhetbOutcome terms used Asthma ͳǤͶ͵ ȋͳǤ͵͵ǡ ͳǤͷͶȌ ʹͲ ͺͳΨ δͲǤͲͲͳ ͲǤͲͲͳ wheezing ͳǤͻͶ ȋͳǤ͸Ͳǡ ʹǤ͵͸Ȍ ͳ   Outcome ascertainment EǦrecordsȀtrained ͳǤͺͳ ȋͳǤ͵ͻǡ ʹǤ͵͸Ȍ Ͷ ͹ͷΨ ͲǤͲͳ δͲǤͲͲͳ child ͳǤʹͺ ȋͳǤʹͷǡ ͳǤ͵ͳȌ ͵ ͲΨ ͲǤͺ͸ parent ͳǤͶͻ ȋͳǤ͵ͳǡ ͳǤ͸ͻȌ ͳͶ ͷ͹Ψ δͲǤͲͲͳ  Exposure ascertainment EǦrecordsȀtrained ͳǤͷͲ ȋͳǤ͵͹ǡ ͳǤ͸ͷȌ ͳ͹ ͸ͲΨ ͲǤͲͲͳ  δͲǤͲͲͳ child ͳǤʹͺ ȋͳǤʹͷǡ ͳǤ͵ͳȌ ͳ  Parent Ͳ  No mention ͳǤ͸Ͳ ȋͳǤͳͳǡ ʹǤ͵ͳȌ ͵ ͷ͵Ψ ͲǤͳʹ  Exposure categorization method 

CDC ͳǤͶͳ ȋͳǤ͵Ͳǡ ͳǤͷ͵Ȍ ͳ͵ ͺ͸Ψ δͲǤͲͲͳ ͲǤͲͲʹ )OTF ͳǤͷ͹ ȋͳǤʹͶǡ ͳǤͻͺȌ ͹ ͶͷΨ ͲǤͳͲ W(O  ͳǤͻͶ ȋͳǤ͸Ͳǡ ʹǤ͵͸Ȍ ͳ ͲΨ   Age during diagnosis Five years Ƭ above ͳǤͶʹ ȋͳǤʹͻǡ ͳǤͷͷȌ ͳͲ ͸ͻΨ δͲǤͲͲͳ ͲǤͲͷ Mixed ȋͲǦͳͻ yearsȌ ͳǤͷ͵ ȋͳǤ͵Ͳǡ ͳǤͺͲȌ ͳͳ ͺͺΨ δͲǤͲͲͳ Under five years Ͳ  Gender  Boys Ͳ   Girls Ͳ   Mixed ͳǤͶ͸ ȋͳǤ͵͸ǡ ͳǤͷ͹Ȍ ʹͻ ͺʹΨ δͲǤͲͲͳ Sample size δͳͲͲͲ ͳǤ͹ͷ ȋͳǤͳͷǡ ʹǤ͸ͷȌ Ͷ ͷͲΨ ͲǤͳʹ ͲǤͲ͹  ͳͲͲͲΪ ͳǤͶͷ ȋͳǤ͵Ͷǡ ͳǤͷͷȌ ͳ͹ ͺͶΨ δͲǤͲͲͳ Study period δʹͲͲͲ ͵Ǥ͵ͻ ȋͳǤͶͻǡ ͹Ǥ͹͵Ȍ ͳ ͲΨ  ͲǤͲ͵  ʹͲͲͲΪ ͳǤͶͷ ȋͳǤ͵ͷǡ ͳͷ͸Ȍ ʹͲ ͺʹΨ δͲǤͲͲͳ Study design cohort ͳǤͷͺ ȋͳǤʹͻǡ ͳǤͻͶȌ ͷ ͸͹Ψ ͲǤͲʹ  CaseǦcontrol ͳǤ͸ͷ ȋͲǤͶͷǡ ͸ǤͳȌ ʹ ͺͺΨ ͲǤͲͳ δͲǤͲͲͳ CrossǦsectional ͳǤͶ͸ ȋͳǤ͵͸ǡ ͳǤͷ͹Ȍ ͳͶ ͸ʹΨ δͲǤͲͲͳ  Two ʹǤͲͷ ȋͳǤͶʹǡ ʹǤͻͷȌ ͳ  Number of BM) categories c Three ͳǤͶ͹ ȋͳǤ͵Ͳǡ ͳǤ͸͹Ȍ ͳͷ ͷ͹Ψ δͲǤͲͳ ͲǤͲʹ Four ͳǤͶͲ ȋͳǤʹ͸ǡ ͳǤͷ͸Ȍ ͷ ͻͶΨ δͲǤͲͳ a P for heterogeneity within each subgroupǤ b P for heterogeneity between each subgroupǤ c  Sensitivity analysis 
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Table 4: Meta-regression results of overweight on wheezing disorders  OR (95% CI) P-valueOutcome terms used ȋrefαAsthmaȌ ͳǤͳͶ ȋͲǤ͹Ͷǡ ͳǤ͹ͶȌ ͲǤͷͶOutcome ascertainment ȋrefα eǦrecordsȀtrainedȌ ͳǤͲͶ ȋͲǤͺͻǡ ͳǤʹͳȌ ͲǤ͸ͲExposure ascertainment ȋrefαeǦrecordsȀtrainedȌ ͳǤͲͶ ȋͲǤͻʹǡ ͳǤͳ͹Ȍ ͲǤͷͳExposure categorization method ȋrefαCDCȌ ͲǤͻͲ ȋͲǤ͹͸ǡ ͳǤͲ͹Ȍ ͲǤʹʹAge during diagnosis ȋrefαFiveǦandǦaboveȌ ͲǤͻ͵ ȋͲǤ͹͵ǡ ͳǤͳͻȌ ͲǤͷ͸Sample size ȋrefαless than ͳͲͲͲȌ ͲǤ͹͸ ȋͲǤͶͻǡ ͳǤͳͻȌ ͲǤʹʹStudy period ȋrefαbefore ʹͲͲͲȌ ͲǤ͹Ͳ ȋͲǤʹʹǡ ʹǤʹͲȌ ͲǤͷʹStudy type ȋrefαcohortȌ ͲǤͻͺ ȋͲǤͺ͹ǡ ͳǤͳͲȌ ͲǤ͸͸Overall ͲǤ͸Ͷ  
Table 5: Meta-regression results of obese on wheezing disorders  OR (95% CI) P-valueOutcome terms used ȋrefαAsthmaȌ ͳǤͳͺ ȋͲͷʹǡ ʹǤ͹ͳȌ ͲǤ͸͹Outcome ascertainment ȋrefα eǦrecordsȀtrainedȌ ͲǤͻͲ ȋͲǤ͹͵ǡ ͳǤͳͳȌ ͲǤʹͻExposure ascertainment ȋrefαeǦrecordsȀtrainedȌ ͲǤͻͺ ȋͲǤͺʹǡ ͳǤͳͻȌ ͲǤͺ͵Exposure categorization method ȋrefαCDCȌ ͳǤʹͲ ȋͲǤͺͷǡ ͳǤ͹ͲȌ ͲǤʹͺAge during diagnosis ȋrefαFiveǦandǦaboveȌ ͲǤͻ͹ ȋͲǤ͸͸ǡ ͳǤͶ͵Ȍ ͲǤͺ͹Sample size ȋrefαless than ͳͲͲͲȌ ͲǤ͹͹ ȋͲǤͶʹǡ ͳǤͶʹȌ ͲǤ͵͹Study period ȋrefαbefore ʹͲͲͲȌ ͳǤ͹͵ ȋͲǤͷʹǡ ͷǤͺͶȌ ͲǤ͵ͶStudy type ȋrefαcohortȌ ͳǤͲ͸ ȋͲǤͺͺǡ ͳǤʹͺȌ ͲǤͷͳOverall ͲǤͷʹ 
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Figure 1: Literature search flowǦchart 
Figure 2:  Summary unadjusted odds ratio of ͹ studies that presented the number of cases and nonǦcases of asthma in the underweight and normal weight groupǤ (eterogeneity chiǦsquared α ʹͻ ȋdǤfǤ α ͸Ȍ p δ ͲǤͲͲͳǡ )ʹ α͹ͻΨ ȋͻͷΨ C)ǣ ͷͺΨ to ͺͻΨȌǡ and the estimate of betweenǦstudy variance TauǦsquared α ͲǤͲͳǤ 
Figure 3: Summary unadjusted odds ratio of ʹͻ studies that presented the number of asthmatic and nonǦasthmatic children in normal and overweight groupsǤ (eterogeneity chiǦsquared α ͹͹ ȋdǤfǤ α ʹͺȌ p δ ͲǤͲͲͳǡ )ʹ α ͸ͶΨ ȋͻͷΨ C)ǣ Ͷ͸Ψ to ͹͸ΨȌǡ and the estimate of betweenǦstudy variance TauǦsquared α ͲǤͲͲͶǤ 
Figure 4: Summary unadjusted odds ratio of ʹͳ studies that presented the number of asthmatic and nonǦasthmatic children in normal and obese groupsǤ (eterogeneity chiǦsquared α ͳͳͳ ȋdǤfǤ α ʹͲȌ p δ ͲǤͲͲͳǡ )ʹ α ͺʹΨ ȋͻͷΨ C)ǣ ͹͵Ψ to ͺͺΨȌǡ and the estimate of betweenǦstudy variance TauǦsquared α ͲǤͲͲͺǤ 
Fig S1: Summary of adjusted risk estimates of underweight on childhood wheezing disorders. (eterogeneity chiǦsquaredαͳǤ͸Ͷ ȋdǤfα͵ǡ PαͲǤ͸ͷȌǡ )ʹαͲΨ ȋͻͷΨ C)ǣͲ to͹ʹΨȌǡ and the estimate of between study variance TauǦsquaredαͲǤͲǤ 
Figure S2: Summary of adjusted risk estimates of overweight on childhood wheezing disordersǤ (eterogeneity chiǦsquared α ʹ͹ ȋdǤfǤ α ʹͲȌ p α ͲǤͳ͵ǡ )ʹ α ʹ͹Ψ ȋͻͷΨ C)ǣ ͲΨ to ͷ͹ΨȌǡ and the estimate of betweenǦstudy variance TauǦsquared α ͲǤͲͳǤ 
Figure S3: Summary of adjusted risk estimates of obesity on childhood wheezing disordersǤ (eterogeneity chiǦsquared α ʹͺ ȋdǤfǤ α ͳͶȌ p α ͲǤͲʹǡ )ʹ α ͶͻΨ ȋͻͷΨ C)ǣ ͺΨ to ͹ʹΨȌǡ and the estimate of betweenǦstudy variance TauǦsquared α ͲǤͲʹǤ 
Fig S4: Eggerǯs funnel plots of BM) and childhood asthma and wheezing disorder studies. aȌ Underweight bȌ Overweight cȌ Obesity risk estimate funnel plotsǤ )n all funnel plotsǡ the middle solid line is the summary OR estimate and the two diagonal dotted lines are the ͻͷΨ confidence limits around the summary ORǡ and the slant solid line is fitted regression line for Eggerǯs smallǦstudy effect testǤ   
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Arch Pediatr Adolesc Med ʹͲͲͷǢͳͷͻȋͺȌǣ͹ͷͻǦ͸͵Ǥ ͷʹǤ Shamssain M(Ǥ The association between overweight and respiratory symptoms in schoolchildrenǤ Pediatric Asthma, Allergy and Immunology ʹͲͲ͸ǢͳͻȋͳȌǣͳͻǦʹͷǤ ͷ͵Ǥ Van De Ven MOǡ Van Den Eijnden RJǡ Engels RCǤ Atopic diseases and related risk factors among Dutch adolescentsǤ The European Journal of Public Health ʹͲͲ͸Ǣͳ͸ȋͷȌǣͷͶͻǦͷͺǤ ͷͶǤ Vargas PAǡ Perry TTǡ Robles Eǡ et alǤ Relationship of body mass index with asthma indicators in (ead Start childrenǤ Ann Allergy Asthma Immunol ʹͲͲ͹ǢͻͻȋͳȌǣʹʹǦʹͺǤ ͷͷǤ Jacobson JSǡ Mellins RBǡ Garfinkel Rǡ et alǤ Asthmaǡ body massǡ genderǡ and (ispanic national origin among ͷͳ͹ preschool children in New York CityǤ Allergy: European Journal of 
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Pediatr Pulmonol ʹͲͲͻǢͶͶȋͳͲȌǣͻͻ͹ǦͳͲͲʹǤ ͷͺǤ Scholtens Sǡ Wijga A(ǡ Seidell JCǡ et alǤ Overweight and changes in weight status during childhood in relation to asthma symptoms at ͺ years of ageǤ J Allergy Clin Immunol ʹͲͲͻǢͳʹ͵ȋ͸Ȍǣͳ͵ͳʹǦͺǤeʹǤ ͷͻǤ Tai Aǡ Volkmer Rǡ Burton AǤ Association between asthma symptoms and obesity in preschool ȋͶǦͷ year oldȌ childrenǤ J Asthma ʹͲͲͻǢͶ͸ȋͶȌǣ͵͸ʹǦ͸ͷǤ ͸ͲǤ VazquezǦNava Fǡ Morales Romero Jǡ Cordova Fernandez Aǡ et alǤ Association between obesity and asthma in preschool Mexican childrenǤ ScientificWorldJournal ʹͲͳͲǢͳͲǣͳ͵͵ͻǦͶ͸Ǥ ͸ͳǤ Visness CMǡ London SJǡ Daniels JLǡ et alǤ Association of Childhood Obesity With Atopic and Nonatopic Asthmaǣ Results From the National (ealth and Nutrition Examination Survey ͳͻͻͻȂʹͲͲ͸Ǥ J Asthma ʹͲͳͲǢͶ͹ȋ͹ȌǣͺʹʹǦʹͻǤ ͸ʹǤ Cibella Fǡ Cuttitta Gǡ La Grutta Sǡ Melis MRǡ Bucchieri Sǡ Viegi GǤ A crossǦsectional study assessing the relationship between BM)ǡ asthmaǡ atopyǡ and eNO among schoolchildrenǤ 
Ann Allergy Asthma Immunol ʹͲͳͳǢͳͲ͹ȋͶȌǣ͵͵ͲǦ͵͸Ǥ ͸͵Ǥ Matos SMǡ Jesus SRǡ Saldiva SRǡ et alǤ Overweightǡ asthma symptomsǡ atopy and pulmonary function in children of ͶǦͳʹ years of ageǣ findings from the SCAALA cohort in Salvadorǡ Bahiaǡ BrazilǤ Public Health Nutr ʹͲͳͳǢͳͶȋ͹Ȍǣͳʹ͹ͲǦ͹ͺǤ ͸ͶǤ Yao TCǡ Ou LSǡ Yeh KWǡ Lee W)ǡ Chen LCǡ (uang JLǤ Associations of ageǡ genderǡ and BM) with prevalence of allergic diseases in childrenǣ PATC( studyǤ J Asthma ʹͲͳͳǢͶͺȋͷȌǣͷͲ͵ǦͳͲǤ ͸ͷǤ Magnusson JOǡ Kull )ǡ Mai XMǡ Wickman Mǡ Bergstrom AǤ Early childhood overweight and asthma and allergic sensitization at ͺ years of ageǤ Pediatrics ʹͲͳʹǢͳʹͻȋͳȌǣ͹ͲǦ͹͸Ǥ ͸͸Ǥ Noal RBǡ Menezes AMBǡ Macedo SECǡ et alǤ )s obesity a risk factor for wheezing among adolescentsǫ A prospective study in southern BrazilǤ J Adolesc Health ʹͲͳʹǢͷͳȋ͸ SupplȌǣS͵ͺǦͶͷǤ ͸͹Ǥ Guibas GVǡ Manios Yǡ Xepapadaki Pǡ et alǤ The obesityǦasthma link in different ages and the role of Body Mass )ndex in its investigationǣ Findings from the Genesis and (ealthy Growth StudiesǤ Allergy: European Journal of Allergy and Clinical Immunology ʹͲͳ͵Ǣ͸ͺȋͳͲȌǣͳʹͻͺǦ͵ͲͷǤ ͸ͺǤ Silva RDCRǡ Assis AMOǡ Goncalves MSǡ et alǤ Prevalence of Wheezing and its Association with Body Mass )ndex and Abdominal Obesity in ChildrenǤ J Asthma ʹͲͳ͵ǢͷͲȋ͵Ȍǣʹ͸͹Ǧ͹͵Ǥ ͸ͻǤ Wang Dǡ Qian Zǡ Wang Jǡ et alǤ GenderǦspecific differences in associations of overweight and obesity with asthma and asthmaǦrelated symptoms in ͵ͲǡͲͷ͸ childrenǣ result from ʹͷ districts of Northeastern ChinaǤ J Asthma ʹͲͳͶǢdoiǣͳͲǤ͵ͳͲͻȀͲʹ͹͹ͲͻͲ͵ǤʹͲͳͶǤͺͻʹͻ͸͵Ǥ 
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͹ͲǤ Rodríguez MAǡ Winkleby MAǡ Ahn Dǡ Sundquist Jǡ Kraemer (CǤ )dentification of population subgroups of children and adolescents with high asthma prevalenceǣ Findings from the third national health and nutrition examination surveyǤ Arch Pediatr Adolesc Med ʹͲͲʹǢͳͷ͸ȋ͵Ȍǣʹ͸ͻǦ͹ͷǤ ͹ͳǤ GarciaǦMarcos Lǡ ValverdeǦMolina Jǡ Ortega MLCǡ SanchezǦSolis Mǡ MartinezǦTorres AEǡ CastroǦRodriguez JAǤ Percent body fatǡ skinfold thickness or body mass index for defining obesity or overweightǡ as a risk factor for asthma in schoolchildrenǣ which one to use in epidemiological studiesǫ Matern Child Nutr ʹͲͲͺǢͶȋͶȌǣ͵ͲͶǦͳͲǤ ͹ʹǤ Suglia SFǡ Chambers ECǡ Rosario Aǡ Duarte CSǤ Asthma and obesity in threeǦyearǦold urban childrenǣ Role of sex and home environmentǤ J Pediatr ʹͲͳͳǢͳͷͻȋͳȌǣͳͶǦʹͲǤeͳǤ ͹͵Ǥ Tollefsen Eǡ Langhammer Aǡ Romundstad Pǡ Bjermer Lǡ Johnsen Rǡ (olmen TLǤ Female gender is associated with higher incidence and more stable respiratory symptoms during adolescenceǤ Respir Med ʹͲͲ͹ǢͳͲͳȋͷȌǣͺͻ͸ǦͻͲʹǤ ͹ͶǤ Bibi (ǡ Shoseyov Dǡ Feigenbaum Dǡ et alǤ The relationship between asthma and obesity in childrenǣ )s it real or a case of over diagnosisǫ J Asthma ʹͲͲͶǢͶͳȋͶȌǣͶͲ͵ǦͳͲǤ ͹ͷǤ Ahmad Nǡ Biswas Sǡ Bae Sǡ Meador KESǡ (uang Rǡ Singh KPǤ Association between Obesity and asthma in US children and adolescentsǤ J Asthma ʹͲͲͻǢͶ͸ȋ͹Ȍǣ͸ͶʹǦͶ͸Ǥ ͹͸Ǥ Rücker Gǡ Schwarzer Gǡ Carpenter JRǡ Schumacher MǤ Undue reliance on )ʹ in assessing heterogeneity may misleadǤ BMC Med Res Methodol ʹͲͲͺǢͺȋͳȌǣ͹ͻǤ 
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