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Article Type: Review 

 Childhood body mass index and wheezing disorders┺ a systematic review and meta┽analysis 
 Teumzghi F Mebrahtuなこ┸ Richard G┻ Feltbowerな┸ Darren C Greenwoodな┸ Roger C┻ Parslowな 
な Division of Epidemiology and Biostatistics┸ School of Medicine┸ University of Leeds┸ Leeds┸ United Kingdom こ Corresponding author┻ Address┺ Division of Epidemiology and Biostatistics┸ School of medicine┸ University of Leeds┸ Leeds┸ LSに ひJT┸ United Kingdom┻ E┽mail┺ mtどひtfmｈleeds┻ac┻uk 
 

Abstract: 

BACKGROUND: )t has been claimed that overweight【obesity and 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 にどなね using EMBASE and Medline medical research databases was carried out┻ Summary odds ratios ゅORょ were estimated using random┽effects models┻ Sub┽group meta┽analyses were performed to assess the robustness of risk associations and between┽study heterogeneity┻  
RESULTS: A total of ぬぱ studies comprising な┸ねなな┸ぬぬの participants were included in our meta┽analysis┻  The summary ORs of underweight ゅジのth percentileょ┸ overweight ゅスぱのth to ジひのth percentileょ┸ and obesity ゅセひのth percentileょ were ど┻ぱの ゅひのガ C)┺ ど┻ばの to ど┻ひば┹ Pサど┻どにょ┸ な┻にぬ ゅひのガ C)┺ な┻なば to な┻にひ┹ pジど┻どどなょ┸ and な┻ねは┸ ゅひのガ C)┺ な┻ぬは to な┻のば┸ Pジど┻どどなょ respectively┻ (eterogeneity was significant and substantial in all three weight categories┸ and not accounted for by predefined study characteristics┻  
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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 childhood asthma are associated┸ the causal pathway and temporal aspects of this relationship remain unanswered and deserve further epidemiological investigation┻  
 
Running title: Childhood Body Mass )ndex and wheezing disorders 
 
Introduction: 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 ゅな にょ┻ Alongside this trend in asthma┸ the global prevalence of overweight or obesity in infants and under five has increased from ぬな million to ねね million during なひひど┽にどなに with the potential of a further はどガ increase in the coming decade ゅぬょ┻ 
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 のどガ ゅrelative riskサな┻のど┹ ひのガ C)┺ な┻に to な┻ぱょ increased risk of childhood asthma for overweight ゅねょ┻ (owever┸ the included studies used a variety of risk estimate definitions┺ three used odds ratio┸ゅの┽ばょ and another used relative risk ゅぱょ┻  
Results from a recent meta┽analysis of は cohort studies by Chen et al ゅひょ reported relative risks of な┻なひ ゅひのガ C)┺ な┻どぬ to な┻ぬばょ and に┻どに ゅひのガ C)┺ な┻なは to ぬ┻のょ of childhood asthma for overweight and obesity respectively┻ )n a meta┽analysis of は prospective studies┸ Egan et al ゅなどょ also reported that there is a ぬのガ ゅrelative riskサ な┻ぬの┸ ひのガ C)┺ な┻なの to な┻のぱょ and のどガ ゅrelative 
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riskサな┻のど┸ ひのガ C)┺ な┻にに to な┻ぱぬょ increase in risk of childhood asthma for overweight and obesity respectively ゅなどょ┻ (owever┸ the age of study populations┸ Body Mass )ndex ゅBM)ょ categorizations┸ and risk estimate definitions were not consistent across the studies included in the two meta┽analyses┻ For example┸ in the meta┽analysis by Egan et al┸ゅなどょ one study used data driven quintile BM) categories ゅななょ┸ whilst the other two studies used only high risk children ゅなに なぬょ┸ two used relative risk ゅぱ ななょ┸ one used hazard ratio ゅなねょ┸ and the other three used odds ratioゅなに なぬ なのょ as risk estimate definitions┻  Likewise┸ in the meta┽analysis by Chen et al ゅひょ┸ one study included adult population ゅセ にな years oldょ ゅなはょ┸ and another used ジにのth┸ にのth┽ぱねth┸ and セぱのth percentiles for underweight┸ normal┸ and overweight respectively┸ another one used bronchitis as the outcome variable instead of asthma or wheezing symptoms ゅなばょ┸   
Combining studies that included child and adult populations┸ used non┽standard and inconsistent BM) categories and variety of risk estimate definitions in a meta┽analysis may bias the summary risk estimates┻ For example┸ suppose that two studies used ぬどth percentile┸ three used などth percentile and four other used のth percentile as cut┽off points for underweight┻ Then┸ it becomes difficult to combine these ひ studies in a meta┽analysis as the cut┽off points used are not equivalent┻ The last group used a standard BM) cut┽off point for underweight ゅのth percentileょ and the other two groups used cut┽off points of convenience where some individuals grouped as underweight in these studies are normal BM) according to the standard BM) categorization methods┻ Similarly┸ although the estimates from odds ratio and relative risk are similar when the disease is rare ゅジなどガょ┸ they diverge as the prevalence increases ゅなぱょ┸ potentially biasing the summary risk estimates derived from combined odds ratios and relative risks┻ 
Up to May にどなね┸ there were more than forty observational studies that reported original data┸ comprising more than a million people┸ less than などガ of whom have been included in the previous meta┽analyses┻ We hypothesize that combining studies that vary in exposure ゅBM)ょ categorizations┸ outcome and risk estimate definitions┸ and have adult populations may potentially under or over estimate the summary risk estimate of BM) on childhood wheezing 
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disorders┻ Based on these observations┸ we aimed to provide an up┽to┽date and more consistent 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 (ealth Organization ゅW(Oょ definition of the age range for children and adolescents ゅなひょ┻ 
 

Methods: 

Search strategy:  The review was carried out in accordance with the PR)SMA guidelines for systematic reviews and meta┽analyses ゅにどょ┻ An online search of observational studies ゅcohort┸ case┽control┸ and cross┽sectionalょ┸ published as an article in English language┸ was carried out using EMBASE and MEDL)NE databases ゅFigure なょ┻  A literature search was carried out by the first author┻ Eligible studies were those original reports on childhood wheezing disorders and BM)┸ covering ど┽なひ years of age┸ published until May にどなね┻  Table Sな gives the details of terms and phrases used for the literature search┻  
To avoid assuming a linear association┸ papers were excluded if BM) was modelled as a continuous variable┻ Publications were also excluded if authors used data┽driven multiple categories of BM)┸ and if the number of categories presented were generally too few ゅジねょ to allow combination with studies through estimating nonlinear dose┽response curves ゅになょ┻ 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┻  
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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 ゅdiagnosisょ term used┸ exposure ゅBM)ょ categories used┸ exposure categorization method┸ outcome ascertainment┸ 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 BM) categories adopted by authors┻  1) The CDC┺ ジのth percentile┸ セのth and ジぱのth percentiles┸ セ ぱのth┽ジひのth percentiles┸ and セひのth percentile for underweight┸ normal┸ overweight┸ and obese categories respectively ゅににょ┻ 2) The )nternational Obesity Task Force┺ Age and sex specific cut┽off points that are extrapolated from the adult BM) cut┽offs of なぱ┻のkg【mに┸ にのkg【mに┸ and ぬどkg【mに for underweight┸ overweight┸ and obesity respectively ゅにぬ にねょ┻ 3) The W(O┺ ぱのth┽ひのth percentile and セひのth percentiles or なSDギ and にSDギ for overweight and obese respectively ゅにのょ┻ 4ょ Data driven multiple BM) categories┻  
For comparability and not to lose data due to variation in categorization methods┸ data harmonization was undertaken┻ Aょ Where authors used one of the standard category methods ゅCDC┸ )OTF or W(Oょ┸ 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┻ B) Where authors adopted data driven BM) categories with the CDC┸ )OTF or W(O 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┻ Cょ Where authors adopted two or three birthweight categories with CDC┸ )OTF or W(O normal category 
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as a reference and provided adjusted risk estimates┸ the stratum based risk estimates were aggregated using recommendations from (amling et al ゅにはょ 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┸ e┻g┻ asthma or wheezing┸ the quoted outcome term by the author and its risk estimate were assumed for analysis┻ (owever┸ 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 ゅにばょ┻ Each of the studies was assessed for three quality components┺ selection of study population┸ comparability ゅadjustment for covariatesょ and outcome or exposure┻ Table Sぬ gives the details of studies with respective scores┻ 
Statistical analysis: )n 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 ゅにぱょ┸ Estimates were pooled using the DerSimonian and Laird method ゅにひょ┻ 
)f studies presented stratum┽specific estimates ゅe┻g┻ by genderょ┸ 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 
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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 ゅぬどょ and the )に measure of the proportion of the total heterogeneity explained by between study variation ゅぬなょ were used┻  Sub┽group meta┽analyses and sensitivity analysis of unadjusted risk estimates were performed on a priori selected covariates ゅstudy characteristicsょ in order to assess the robustness of the risk associations and levels of between┽study heterogeneities┻ )n order to account for the sources of between┽study heterogeneity┸ meta┽regression ゅぬにょ of unadjusted risk estimates was performed using Restricted Maximum Likelihood ゅREMLょ┻ 
)n investigating evidence of publication bias and small study effects┸ symmetry funnel plots and bias test models were used ゅぬぬ ぬねょ┻ のガ significance levels and ひのガ confidence intervals were adopted throughout┻ Meta┽analyses were carried out in Stata software version なに ゅStata Corp┸ College Station┸ TX┸ USAょ┻ 
 
Results:  

Literature search: )n total┸ にぱぱば non┽duplicate papers were available and screened┹ にぱどど excluded due to non┽relevance and ぱば were read in full ゅFig なょ┻ Out of the ぱば papers┸ ねね were included in the review┻ A total of ぬぱ 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 ゅTable Sにょ┻ The studies were from Europe サなな┸ Americas サなぱ┸ Asia サば and Oceaniaサに┻  
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 ゅぬの┽ぬひょ and another used pooled data from over different continents and presented a summary risk estimate ゅねどょ┻    
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Quality of studies: With the maximum of ひ points for each article┸ of the ぬぱ included in the meta┽analysis┺ twenty┽five scored ば┽ひ┸ thirteen scored の┽は┸ and their risks of biases can be interpreted as ╅low╆ and ╅moderate╆ respectivelyゅTable Sにょ┻ 
Underweight and childhood wheezing disorders: A total of ば studies presented data on the number of cases and non┽cases in underweight and normal BM) groups comprising a total of ばばに┸どねど children ゅば ねな┽ねはょ┻ The summary risk estimate of the studies showed that there was a significant decrease odds of wheezing disorders ゅORサ ど┻ぱの┸ ひのガ C)┺ ど┻ばの to ど┻ひば┹ Pサど┻どにょ for the underweight children ゅFigure にょ┻ There was considerable heterogeneity among the studies ゅQサにひ┸ d┻f┻サは┸ Pジど┻どどな┹ )にサばひガ┸ ひのガ C)┺ のぱガ to ぱひガょ┻ When a meta┽analysis was performed on four studies ゅば ねば┽ねひょ that provided adjusted risk estimates┸ the overall OR was ど┻ひは ゅひのガ C)┺ ど┻ばの to な┻にぬ┸ Pサど┻ばのょ with very low heterogeneity among studies ゅQサに┸ d┻fサぬ┸ Pサど┻はの┹ )にサどガょ ゅFigure Sなょ┻ 
Overweight and childhood wheezing disorders: A total of にひ studies presented data on the number of cases and non┽cases in the overweight and normal BM) groups that included a total of な┸どばの┸どねに children ゅば ぱ ねな┽ねは のど┽はひょ┻ The summary of the ORs showed that there was a significant increased risk of wheezing disorders ゅOR┺ な┻にぬ┸ ひのガ C)┺ な┻なば to な┻にひ┹ pジど┻どどなょ ゅFigure ぬょ┻ There was a considerable heterogeneity among the studies ゅQサばぱ┸ d┻f┻ サ にぱ┹ )に サ はねガ┹ ひのガ C)┺ ねはガ to ばはガょ┻  When meta┽analysis was carried out on にな studies ゅば ねば┽ねひ のの┽のぱ はど はな はね┽ばぬょ that presented adjusted risk estimates of overweight on childhood wheezing disorders┸ the summary risk estimate was slightly accentuated ゅORサな┻ぬど┸ ひのガ C)┺ な┻なひ to な┻ねに┹ Pジど┻どどなょ whereas the between┽study heterogeneity substantially decreased ゅQサにば┸ d┻f┻サにど┸ Pサど┻なに┹ )にサにばガ┸ ひのガ C)┺ ど┻ど to のばガょ ゅFigure Sにょ┻ 
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Obesity and childhood wheezing disorders: A total of にど studies presented data on the number of cases and non┽cases of wheezing disorders in the normal and obese group that comprised な┸どどぬ┸どばは children ゅば ねな┽ねぬ ねの のど┽のに のね のの のば のひ┽はな はね はは はば はひ ばねょ┻ The overall risk estimate showed that there was a significant increase in the risk of wheezing disorders for obesity ゅOR サな┻ねは┸ ひのガ C)┺ な┻ぬは to な┻のばょ ゅFigure ねょ┻ There was substantial heterogeneity among the studies ゅQサ ななな┸ d┻f┻ サ にど┹ )に サ ぱにガ ゅひのガ C)┺ ばぬガ to ぱぱガょ┻  (owever┸ when the analysis was repeated on the adjusted risk estimate of obesity on wheezing disorders available from なは studies ゅば ぱ ねば┽ねひ のば はど はな はね はは はば はひ ばに ばね ばのょ┸ the heterogeneity was attenuated ゅQサにぱ┸ d┻fサなね┸ Pサど┻どに┹ )にサねはガ┸ ひのガ C)┺ ぬガ to ばどガょ whilst the summary risk estimate slightly increased ゅORサな┻はど┸ ひのガ C)┺ な┻ねに to な┻ぱなょ ゅFigure Sぬょ┻  
Sub-group meta-analyses: Subgroup meta┽analysis of underweight risk estimates on childhood wheezing disorders from ば 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 ゅTable なょ┻  
When subgroup meta┽analysis of the にひ studies by the predefined study characteristics was carried out┸ except for the )OTF categorization method and papers published before にどどど that were not statistically significant┸ the strength and direction of the summary risk estimates in each subgroup remained stable ゅTable にょ┻ The within subgroup heterogeneity was not significant for the wheezing outcome term┸ e┽records outcome ascertainment┸ parental exposure ascertainment┸ W(O BM) categorization method┸ sample size less than などどど┸ and case┽control study design where it was significant for the rest of the subgroups ゅTable にょ┻ Except for outcome ascertainment┸ age group during diagnosis┸ sample size┸ and study design subgroups┸ there was no significant heterogeneity between each subgroup of the other covariates┻  
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A subgroup meta┽analysis of にな 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┸ exposure ascertainment not mentioned┸ )OTF BM) categorization method┸ and sample size less than などどど subgroups┻ Also┸ except for the sample size subgroups┸ there were significant heterogeneities between each subgroup of the other covariates ゅTable ぬょ┻ 
When investigating the sources of between┽study heterogeneity 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 ゅTables ね ┃ のょ┻ 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 BM) categories used by authors┸  the summary OR of overweight on asthma for two┸ three┸ and four BM) categories were な┻ねぱ ゅひのガ C)┺ な┻なひ to な┻ぱねょ┸ な┻にね ゅな┻なね to な┻ぬのょ┸ and な┻なの ゅな┻どひ to な┻になょ respectively ゅTable にょ┻ When the same analysis was carried out on obesity risk estimates┸ the summary OR of obesity on wheezing disorders for two┸ three┸ and four BM) categories were に┻どの ゅな┻ねに to に┻ひのょ┸ な┻ねぱ ゅな┻ぬど to な┻はばょ and な┻ねど ゅな┻には to な┻のはょ respectively ゅTable ぬょ┻ Furthermore┸ the summary odds ratios remained similar when the studies were clustered according to study quality and developmental stage of children ゅi┻e┻ under┽five┸ school age ゅの┽ば yearsょ┸ puberty ゅぱ┽なね yearsょ┸ adolescence or beyond puberty ゅなの┽なひ yearsょ┸ and mixed stagesょ┻ 
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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 ゅPサど┻どねょ┸ but not in the underweight and obese categories ゅPサど┻ひに and Pサど┻ぬな respectivelyょ ゅFigure Sねょ┻  
Discussion: )n this more comprehensive meta┽analysis┸ we have found that there is a significant increase of childhood wheezing disorders risk by にぬガ ゅOR┺ な┻にぬ┸ ひのガ C)┺ な┻なば to な┻にひょ and ねはガ ゅORサな┻ねは┸ ひのガ C)┺ な┻ぬは to な┻のばょ for overweight and obesity respectively┻ We have also found that there is a significant なのガ reduction of wheezing disorders risk for underweight ゅORサ ど┻ぱの┸ ひのガ C)┺ ど┻ばの to ど┻ひばょ┻ )f we were to restrict our meta┽analysis only for the cohort studies as Chen et al ゅひょ and Egan et al ゅなどょ did┸ the summary relative risk estimates for overweight and obesity are な┻にな ゅひのガ C)┺ な┻どぱ to な┻ぬはょ and  な┻ねに ゅな┻ぬな to な┻のねょ respectively┻ (owever┸ our summary relative risk estimates for only cohort studies may not be comparable to that of Egan et alゅなどょ 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 ゅねょ 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┻ )t could be also due to our usage of data harmonization┸ consistent definition of the risk estimates and BM) categorization methods┸ and the usage of standard W(O child and adolescent age range definition ゅなひょ┻ 
Based on our sub┽group meta┽analyses results of the unadjusted risk estimates┸ we noted that the summary ORs estimates tended to attenuate as the number of BM) categories used by study authors increased┻ For example┸ 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 ゅTable にょ┻ A similar pattern was also observed in the obesity risk estimates according to the number of BM) categories used by authors ゅTable ぬょ┻  
Our sub┽group 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 between BM) and childhood wheezing 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 ゅの┽ば yearsょ╆┸ puberty ゅぱ┽なね yearsょ╆┸ adolescence ゅなの┽なひ yearsょ╆ and ╅mixed stages╆┻ (owever┸ we found no significant effect on the risk of association┻   
Based on the heterogeneity measures ゅQ┽test and )にょ┸ we observed that there was a considerable level of between┽study variation in the underweight┸ overweight and obesity unadjusted risk estimates although this could be due higher sample size studies in our analyses ゅばはょ┻ As noted in the forest plots┸ there were a few studies with large samples and high precision of risk estimates that can have dominating effects for the between┽study heterogeneities ゅFigures ぬ┃ねょ┻ (owever┸ the same pattern was not observed in the adjusted risk estimates┺ the between┽study heterogeneities were low in underweight┸ overweight┸ and obesity risk estimates ゅFigures Sに┃ Sぬょ┻ 
)n our attempt to uncover the effects of study level covariates to the observed significant between┽study heterogeneity in the underweight┸ overweight┸ and obesity unadjusted risk estimates on childhood wheezing disorders┸ none of the predefined covariates ゅstudy characteristicsょ explained the between┽study variations┻  
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Our analyses have certain limitations┻ Firstly┸ in all BM) 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 ゅexcept for underweightょ and the between┽study variations ranged ど┽ねひガ┻ Secondly┸ we also had some evidence of funnel plot asymmetry which may indicate a potential small study effect such as potential publication bias ゅぬぬょ┻ 
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┻ 
The strength of our work is that we were able to produce consistent risk estimates due to our use of harmonised 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 BM) categories convertible to one of the standard formats or combining all irrespective of the type of exposure categorization method used┻ )n order 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┻ 
)n conclusion┸ our results suggest that underweight is associated with a reduced odds of childhood wheezing disorders┸ and overweight and obesity are associated with an increased 
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odds of wheezing disorders┻ (owever┸ 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 epidemiological studies┻  
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Table 1: subgroup analysis for unadjusted risk estimates of underweight on childhood wheezing disorders   OR ゅひのガ C)ょ n )に Pheta PhetbOutcome terms used Asthma な┻ばね ゅな┻のど┸ に┻どにょ ば ばひガ ジど┻どどな  wheezing ど   Outcome ascertainment E┽records【trained な┻どぱゅど┻はね┸ な┻ぱょ に ぱぱガ ジど┻どな ど┻どは child ど┻ぱば ゅど┻ぱぬ┸ ど┻ひなょ な  parent ど┻ぱな ゅど┻のど┸な┻ぬなょ ね ぱなガ ジど┻どな  Exposure ascertainment E┽records【trained ど┻ぱね ゅど┻はに┸ な┻なのょ の ぱのガ ジど┻どどな  ど┻にば child ど┻ぱば ゅど┻ぱぬ┸ ど┻ひなょ な どガ  Parent ど  No mention な┻ねに ゅど┻はひ┸ に┻ぱひょ な ど┻どガ   Exposure categorization method 
CDC ど┻ひど ゅど┻ぱに┸ ど┻ひばょ の はにガ ど┻どぬ ジど┻どどな )OTF ど┻ねの ゅど┻ぬぬ┸ ど┻はなょ な どガ  W(O  ど┻ぱに ゅど┻のば┸ な┻なぱょ な どガ   Age during diagnosis Five years ┃ above ど┻ぱね ゅばね┻なの┸ ど┻ひはょ は ぱにガ ジど┻どどな ど┻なば Mixed ゅど┽なひ yearsょ な┻ねに ゅど┻はひ┸ に┻ひどょ な どガ  Under five years ど  Gender  Boys ど   Girls ど   Mixed ど┻ぱの ゅど┻ばの┸どひばょ ば ばひガ ジど┻どどな Sample size ジなどどど な┻ねに ゅど┻はひ┸ に┻ぱひょ な  ど┻なば  などどどギ ど┻ぱね ゅど┻ばね┸ ど┻ひはょ は ぱにガ ジど┻どどな Study period ジにどどど ど    にどどどギ ど┻ぱの ゅど┻ばの┸ ど┻ひばょ ば ばひガ ジど┻どどな Study Design cohort ど┻はに ゅど┻ぬね┸ な┻なばょ に ひねガ ジど┻どどな  Case┽control ど  ど┻なに Cross┽sectional ど┻ぱの ゅど┻ばの┸ ど┻ひばょ の のひガ ど┻どの  Number of BM) categories c Two ど  Three な┻どひ ゅど┻はに┸ な┻ひなょ に ばひガ ど┻どぬ ど┻どばFour ど┻ぱな ゅど┻ばな┸ ど┻ひぬょ の ぱなガ ジど┻どどな a P for heterogeneity within each subgroup┻ b P for heterogeneity between each subgroup┻ c  Sensitivity analysis  
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Table 2: subgroup analysis for unadjusted risk estimates of overweight on childhood wheezing disorders    OR ゅひのガ C)ょ n )に Pheta PhetbOutcome terms used Asthma な┻にぬ ゅな┻なば┸ な┻にひょ にば ははガ ジど┻どどな ど┻ねね wheezing な┻にぬ ゅな┻どの┸ な┻ねにょ に どガ ど┻の  Outcome ascertainment E┽records【trained な┻なひ ゅな┻どの┸ な┻ぬはょ の ねどガ ど┻なは ジど┻どな child な┻ぬど ゅな┻どの┸ な┻はどょ ね はねガ ど┻どね parent な┻にば ゅな┻なの┸ な┻ねどょ にど はねガ ジど┻どどな 
 Exposure ascertainment E┽records【trained な┻にに ゅな┻なね┸ な┻ぬにょ にね のひガ ジど┻どどな  ジど┻どどな child な┻なぬ ゅな┻なな┸ な┻なのょ な  Parent な┻のね ゅな┻ぬに┸ な┻ぱどょ に どガ ど┻ばば No mention な┻ぬぱ ゅな┻どな┸ な┻ぱぱょ に ねにガ ど┻なぱ  Exposure categorization method 

CDC な┻にね ゅな┻なば┸ な┻ぬどょ なぱ はのガ ジど┻どどな ど┻ばね )OTF な┻どば ゅど┻ぱは┸ な┻ぬぬょ ぱ ばのガ ジど┻どどな W(O  な┻にな ゅな┻どは┸ な┻ぬひょ ぬ どガ ど┻ひぱ  Age during diagnosis Five years ┃ above な┻にな ゅな┻なの┸ な┻にぱょ なば はばガ ジど┻どどな ど┻どぬ Mixed ゅど┽なひ yearsょ な┻にな ゅな┻どば┸ な┻ぬばょ なに ののガ ど┻どな Under five years ど  Gender  Boys ど   Girls ど   Mixed な┻にぬ ゅな┻なば┸ な┻にひょ にひ はねガ ジど┻どどな Sample size ジなどどど な┻のば ゅな┻など┸ に┻にぬょ ね ぬぱガ ど┻なば ど┻どな  などどどギ な┻にな ゅな┻なは┸ な┻にばょ にの はねガ ジど┻どどな Study period ジにどどど な┻どは ゅど┻ねは┸ に┻ねにょ な どガ  ど┻ぱね  にどどどギ な┻にぬ ゅな┻なば┸ な┻にひょ にぱ はのガ ジど┻どどな Study design cohort な┻には ゅな┻どひ┸ な┻ねばょ ぱ はばガ ジど┻どな  Case┽control な┻ねの ゅな┻どぬ┸ に┻どのょ に どガ ど┻ねな ど┻なは Cross┽sectional な┻にね ゅな┻なの┸ な┻ぬねょ なひ ははガ ジど┻どどな  Number of BM) categories c Two な┻ねぱ ゅな┻なひ┸ な┻ぱねょ ば ばぱガ ど┻どぱ Three な┻にね ゅな┻なね┸ な┻ぬのょ なば ぬのガ ジど┻どどな ど┻どなFour な┻なの ゅな┻どひ┸ な┻ぬのょ の ばねガ ジど┻どどな a P for heterogeneity within each subgroup┻ b P for heterogeneity between each subgroup┻ c  Sensitivity analysis 
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Table 3: subgroup analysis for unadjusted risk estimates of obesity on childhood wheezing disorders   OR ゅひのガ C)ょ n )に Pheta PhetbOutcome terms used Asthma な┻ねぬ ゅな┻ぬぬ┸ な┻のねょ にど ぱなガ ジど┻どどな ど┻どどな wheezing な┻ひね ゅな┻はど┸ に┻ぬはょ な   Outcome ascertainment E┽records【trained な┻ぱな ゅな┻ぬひ┸ に┻ぬはょ ね ばのガ ど┻どな ジど┻どどな child な┻にぱ ゅな┻にの┸ な┻ぬなょ ぬ どガ ど┻ぱは parent な┻ねひ ゅな┻ぬな┸ な┻はひょ なね のばガ ジど┻どどな  Exposure ascertainment E┽records【trained な┻のど ゅな┻ぬば┸ な┻はのょ なば はどガ ど┻どどな  ジど┻どどな child な┻にぱ ゅな┻にの┸ な┻ぬなょ な  Parent ど  No mention な┻はど ゅな┻なな┸ に┻ぬなょ ぬ のぬガ ど┻なに  Exposure categorization method 

CDC な┻ねな ゅな┻ぬど┸ な┻のぬょ なぬ ぱはガ ジど┻どどな ど┻どどに )OTF な┻のば ゅな┻にね┸ な┻ひぱょ ば ねのガ ど┻など W(O  な┻ひね ゅな┻はど┸ に┻ぬはょ な どガ   Age during diagnosis Five years ┃ above な┻ねに ゅな┻にひ┸ な┻ののょ など はひガ ジど┻どどな ど┻どの Mixed ゅど┽なひ yearsょ な┻のぬ ゅな┻ぬど┸ な┻ぱどょ なな ぱぱガ ジど┻どどな Under five years ど  Gender  Boys ど   Girls ど   Mixed な┻ねは ゅな┻ぬは┸ な┻のばょ にひ ぱにガ ジど┻どどな Sample size ジなどどど な┻ばの ゅな┻なの┸ に┻はのょ ね のどガ ど┻なに ど┻どば  などどどギ な┻ねの ゅな┻ぬね┸ な┻ののょ なば ぱねガ ジど┻どどな Study period ジにどどど ぬ┻ぬひ ゅな┻ねひ┸ ば┻ばぬょ な どガ  ど┻どぬ  にどどどギ な┻ねの ゅな┻ぬの┸ なのはょ にど ぱにガ ジど┻どどな Study design cohort な┻のぱ ゅな┻にひ┸ な┻ひねょ の はばガ ど┻どに  Case┽control な┻はの ゅど┻ねの┸ は┻なょ に ぱぱガ ど┻どな ジど┻どどな Cross┽sectional な┻ねは ゅな┻ぬは┸ な┻のばょ なね はにガ ジど┻どどな  Two に┻どの ゅな┻ねに┸ に┻ひのょ な  Number of BM) categories c Three な┻ねば ゅな┻ぬど┸ な┻はばょ なの のばガ ジど┻どな ど┻どに Four な┻ねど ゅな┻には┸ な┻のはょ の ひねガ ジど┻どな a P for heterogeneity within each subgroup┻ b P for heterogeneity between each subgroup┻ c  Sensitivity analysis 
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Table 4: Meta-regression results of overweight on wheezing disorders  OR (95% CI) P-valueOutcome terms used ゅrefサAsthmaょ な┻なね ゅど┻ばね┸ な┻ばねょ ど┻のねOutcome ascertainment ゅrefサ e┽records【trainedょ な┻どね ゅど┻ぱひ┸ な┻になょ ど┻はどExposure ascertainment ゅrefサe┽records【trainedょ な┻どね ゅど┻ひに┸ な┻なばょ ど┻のなExposure categorization method ゅrefサCDCょ ど┻ひど ゅど┻ばは┸ な┻どばょ ど┻ににAge during diagnosis ゅrefサFive┽and┽aboveょ ど┻ひぬ ゅど┻ばぬ┸ な┻なひょ ど┻のはSample size ゅrefサless than などどどょ ど┻ばは ゅど┻ねひ┸ な┻なひょ ど┻ににStudy period ゅrefサbefore にどどどょ ど┻ばど ゅど┻にに┸ に┻にどょ ど┻のにStudy type ゅrefサcohortょ ど┻ひぱ ゅど┻ぱば┸ な┻などょ ど┻ははOverall ど┻はね  
Table 5: Meta-regression results of obese on wheezing disorders  OR (95% CI) P-valueOutcome terms used ゅrefサAsthmaょ な┻なぱ ゅどのに┸ に┻ばなょ ど┻はばOutcome ascertainment ゅrefサ e┽records【trainedょ ど┻ひど ゅど┻ばぬ┸ な┻ななょ ど┻にひExposure ascertainment ゅrefサe┽records【trainedょ ど┻ひぱ ゅど┻ぱに┸ な┻なひょ ど┻ぱぬExposure categorization method ゅrefサCDCょ な┻にど ゅど┻ぱの┸ な┻ばどょ ど┻にぱAge during diagnosis ゅrefサFive┽and┽aboveょ ど┻ひば ゅど┻はは┸ な┻ねぬょ ど┻ぱばSample size ゅrefサless than などどどょ ど┻ばば ゅど┻ねに┸ な┻ねにょ ど┻ぬばStudy period ゅrefサbefore にどどどょ な┻ばぬ ゅど┻のに┸ の┻ぱねょ ど┻ぬねStudy type ゅrefサcohortょ な┻どは ゅど┻ぱぱ┸ な┻にぱょ ど┻のなOverall ど┻のに 
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Figure 1: Literature search flow┽chart 
Figure 2:  Summary unadjusted odds ratio of ば studies that presented the number of cases and non┽cases of asthma in the underweight and normal weight group┻ (eterogeneity chi┽squared サ にひ ゅd┻f┻ サ はょ p ジ ど┻どどな┸ )に サばひガ ゅひのガ C)┺ のぱガ to ぱひガょ┸ and the estimate of between┽study variance Tau┽squared サ ど┻どな┻ 
Figure 3: Summary unadjusted odds ratio of にひ studies that presented the number of asthmatic and non┽asthmatic children in normal and overweight groups┻ (eterogeneity chi┽squared サ ばば ゅd┻f┻ サ にぱょ p ジ ど┻どどな┸ )に サ はねガ ゅひのガ C)┺ ねはガ to ばはガょ┸ and the estimate of between┽study variance Tau┽squared サ ど┻どどね┻ 
Figure 4: Summary unadjusted odds ratio of にな studies that presented the number of asthmatic and non┽asthmatic children in normal and obese groups┻ (eterogeneity chi┽squared サ ななな ゅd┻f┻ サ にどょ p ジ ど┻どどな┸ )に サ ぱにガ ゅひのガ C)┺ ばぬガ to ぱぱガょ┸ and the estimate of between┽study variance Tau┽squared サ ど┻どどぱ┻ 
Fig S1: Summary of adjusted risk estimates of underweight on childhood wheezing disorders. (eterogeneity chi┽squaredサな┻はね ゅd┻fサぬ┸ Pサど┻はのょ┸ )にサどガ ゅひのガ C)┺ど toばにガょ┸ and the estimate of between study variance Tau┽squaredサど┻ど┻ 
Figure S2: Summary of adjusted risk estimates of overweight on childhood wheezing disorders┻ (eterogeneity chi┽squared サ にば ゅd┻f┻ サ にどょ p サ ど┻なぬ┸ )に サ にばガ ゅひのガ C)┺ どガ to のばガょ┸ and the estimate of between┽study variance Tau┽squared サ ど┻どな┻ 
Figure S3: Summary of adjusted risk estimates of obesity on childhood wheezing disorders┻ (eterogeneity chi┽squared サ にぱ ゅd┻f┻ サ なねょ p サ ど┻どに┸ )に サ ねひガ ゅひのガ C)┺ ぱガ to ばにガょ┸ and the estimate of between┽study variance Tau┽squared サ ど┻どに┻ 
Fig S4: Egger╆s funnel plots of BM) and childhood asthma and wheezing disorder studies. aょ Underweight bょ Overweight cょ Obesity risk estimate funnel plots┻ )n all funnel plots┸ the middle solid line is the summary OR estimate and the two diagonal dotted lines are the ひのガ confidence limits around the summary OR┸ and the slant solid line is fitted regression line for Egger╆s small┽study effect test┻   
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J Epidemiol にどなに┹なばのゅなょ┺はは┽ばぬ┻ にに┻ Centers for Disease Control and prevention ゅCDCょ┻  ｆ(ealthy Weight ┽ itｆs not a diet┸ itｆs a lifestyle┺ What is a BM) percentile╂ｆ┸ ┸にどなねょ┹ いonlineう┸ available┺ http┺【【www┻cdc┻gov【healthyweight【assessing【bmi【childrensｅbmi【aboutｅchildrensｅbmi┻html いaccessed July にどなねう┻ にぬ┻ Cole TJ┸ Bellizzi MC┸ Flegal KM┸ Dietz W(┻ Establishing a standard definition for child overweight and obesity worldwide┺ international survey┻ BMJ にどどど┹ぬにどゅばにねねょ┺なにねど┻ にね┻ Cole TJ┸ Flegal KM┸ Nicholls D┸ Jackson AA┻ Body mass index cut offs to define thinness in children and adolescents┺ international survey┻ BMJ にどどば┹ぬぬのゅばはなにょ┺なひね┻ にの┻ World (ealth Organization  ゅW(Oょ┻  ｆW(O Child Growth Standards┺ Methods and development┺ Length【height┽for┽age┸ weight┽for┽age┸ weight┽for┽length┸ weight┽for┽height and body mass index┽for┽age┻ｆ┸ Child growth standards┸ にどどは┹ いonlineう┸ available┺ http┺【【www┻who┻int【childgrowth【publications【technicalｅreportｅpub【en【index┻html いaccessed July ぱ┸ にどなねう┻ 
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には┻ (amling J┸ Lee P┸ Weitkunat R┸ Ambühl M┻ Facilitating meta┽analyses by deriving relative effect and precision estimates for alternative comparisons from a set of estimates presented by exposure level or disease category┻ Stat Med にどどぱ┹にばゅばょ┺ひのね┽ばど┻ にば┻ Wells G┸ Shea B┸ O╆connell D┸ et al┻ ゅにどどどょ ｆThe Newcastle┽Ottawa Scale ゅNOSょ for assessing the quality of nonrandomised studies in meta┽analysesｆ┸ いonlineう┸ available┺ http┺【【www┻ohri┻ca【programs【clinicalｅepidemiology【oxford┻asp いaccessed July ね┸ にどなねう┻ にぱ┻ Borenstein M┸ (edges LV┸ (iggins JPT┸ Rothstein (R┻ Fixed┽Effect Versus Random┽Effects Models┻ Introduction to Meta-analysis┻ First ed┻ UK┺ John Wiley ┃ Sons Ltd┸ にどどひ┺のひ┽なぬぬ┻ にひ┻ DerSimonian R┸ Laird N┻ Meta┽analysis in clinical trials┻ Control Clin Trials なひぱは┹ばゅぬょ┺なばば┽ぱぱ┻ ぬど┻ Whitehead A┸ Whitehead J┻ A general parametric approach to the meta┽analysis of randomized clinical trials┻ Stat Med なひひな┹などゅななょ┺なははの┽ばば┻ ぬな┻ (iggins JPT┸ Thompson SG┻ Quantifying heterogeneity in a meta┽analysis┻ Stat Med にどどに┹になゅななょ┺なのぬひ┽のぱ┻ ぬに┻ Lau J┸ )oannidis JPA┸ Schmid C(┻ Summing up evidence┺ one answer is not always enough┻ 
The Lancet なひひぱ┹ぬのなゅひどひはょ┺なにぬ┽にば┻ ぬぬ┻ Egger M┸ Smith GD┸ Schneider M┸ Minder C┻ Bias in meta┽analysis detected by a simple┸ graphical test┻ BMJ なひひば┹ぬなのゅばなどひょ┺はにひ┽ぬね┻ ぬね┻ Sterne JA┸ Egger M┸ Smith GD┻ )nvestigating and dealing with publication and other biases in meta┽analysis┻ BMJ にどどな┹ぬにぬゅばぬどねょ┺などな┽どの┻ ぬの┻ Willeboordse M┸ van den Bersselaar DLCM┸ van de Kant KDG┸ Muris JWM┸ van Schayck OCP┸ Dompeling E┻ Sex Differences in the Relationship between Asthma and Overweight in Dutch Children┺ A Survey Study┻ Plos One にどなぬ┹ぱゅなどょ┻ ぬは┻ Okabe Y┸ Adachi Y┸ )tazawa T┸ et al┻ Association between obesity and asthma in japanese preschool children┻ Pediatr Allergy Immunol にどなに┹にぬゅはょ┺ののど┽のの┻ ぬば┻ Okabe Y┸ )tazawa T┸ Adachi Y┸ et al┻ Association of overweight with asthma symptoms in Japanese school children┻ Pediatr Int にどなな┹のぬゅにょ┺なひに┽ひぱ┻ ぬぱ┻ Mai XM┸ Almqvist C┸ Nilsson L┸ Wickman M┻ Birth anthropometric measures┸ body mass index and allergic diseases in a birth cohort study ゅBAMSEょ┻ Arch Dis Child にどどば┹ひにゅなどょ┺ぱぱな┽ぱは┻ ぬひ┻ von Kries R┸ (ermann M┸ Grunert VP┸ von Mutius E┻ )s obesity a risk factor for childhood asthma╂ Allergy にどどな┹のはゅねょ┺ぬなぱ┽にに┻ ねど┻ Mitchell EA┸ Beasley R┸ Bjorksten B┸ Crane J┸ Garcia┽Marcos L┸ Keil U┻ The association between BM)┸ vigorous physical activity and television viewing and the risk of symptoms of asthma┸ rhinoconjunctivitis and eczema in children and adolescents┺ )SAAC Phase Three┻ Clin Exp Allergy にどなぬ┹ねぬゅなょ┺ばぬ┽ぱね┻ 
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ねな┻ Cassol VE┸ Rizzato TM┸ Teche SP┸ et al┻ Prevalence and severity of asthma among adolescents and their relationship with the body mass index┻ J Pediatr (Rio J) にどどの┹ぱなゅねょ┺ぬどの┽どひ┻ ねに┻ Kwon (L┸ Ortiz B┸ Swaner R┸ et al┻ Childhood asthma and extreme values of body mass index┺ The (arlem Childrenｆs Zone Asthma )nitiative┻ J Urban Health にどどは┹ぱぬゅぬょ┺ねにな┽ぬぬ┻ ねぬ┻ Davis A┸ Lipsett M┸ Milet M┸ Etherton M┸ Kreutzer R┻ An association between asthma and BM) in adolescents┺ results from the California (ealthy Kids Survey┻ J Asthma にどどば┹ねねゅなどょ┺ぱばぬ┽ひ┻ ねね┻ Kuschnir FC┸ da Cunha ALA┻ Association of overweight with asthma prevalence in adolescents in Rio de Janeiro┸ Brazil┻ J Asthma にどどひ┹ねはゅひょ┺ひにぱ┽ぬに┻ ねの┻ Black M(┸ Smith N┸ Porter A(┸ Jacobsen SJ┸ Koebnick C┻ (igher prevalence of obesity among children with asthma┻ Obesity にどなに┹にどゅのょ┺などねな┽ば┻ ねは┻ Yiallouros PK┸ Lamnisos D┸ Kolokotroni O┸ Moustaki M┸ Middleton N┻ Associations of body fat percent and body mass index with childhood asthma by age and gender┻ Obesity にどなぬ┹になゅひょ┺Eねばね┽Eぱに┻ ねば┻ Wickens K┸ Barry D┸ Friezema A┸ et al┻ Obesity and asthma in なな┽なに year old New Zealand children in なひぱひ and にどどど┻ Thorax にどどの┹はどゅなょ┺ば┽なに┻ ねぱ┻ Tsai (J┸ Tsai AC┸ Nriagu J┸ Ghosh D┸ Gong M┸ Sandretto A┻ Associations of BM)┸ TV┽watching time┸ and physical activity on respiratory symptoms and asthma in のth grade schoolchildren in Taipei┸ Taiwan┻ J Asthma にどどば┹ねねゅのょ┺ぬひば┽ねどな┻ ねひ┻ Tsai (J┸ Tsai AC┻ The association of BM) and sedentary time with respiratory symptoms and asthma in のth grade schoolchildren in Kaohsiung┸ Taiwan┻ J Asthma にどどひ┹ねはゅなょ┺ひ┽なの┻ のど┻ Gennuso J┸ Epstein L(┸ Paluch RA┸ Cerny F┻ The relationship between asthma and obesity in urban minority children and adolescents┻ Arch Pediatr Adolesc Med なひひぱ┹なのにゅなにょ┺ななひば┽にどど┻ のな┻ Saha C┸ Riner ME┸ Liu G┻ )ndividual and neighborhood┽level factors in predicting asthma┻ 
Arch Pediatr Adolesc Med にどどの┹なのひゅぱょ┺ばのひ┽はぬ┻ のに┻ Shamssain M(┻ The association between overweight and respiratory symptoms in schoolchildren┻ Pediatric Asthma, Allergy and Immunology にどどは┹なひゅなょ┺なひ┽にの┻ のぬ┻ Van De Ven MO┸ Van Den Eijnden RJ┸ Engels RC┻ Atopic diseases and related risk factors among Dutch adolescents┻ The European Journal of Public Health にどどは┹なはゅのょ┺のねひ┽のぱ┻ のね┻ Vargas PA┸ Perry TT┸ Robles E┸ et al┻ Relationship of body mass index with asthma indicators in (ead Start children┻ Ann Allergy Asthma Immunol にどどば┹ひひゅなょ┺にに┽にぱ┻ のの┻ Jacobson JS┸ Mellins RB┸ Garfinkel R┸ et al┻ Asthma┸ body mass┸ gender┸ and (ispanic national origin among のなば preschool children in New York City┻ Allergy: European Journal of 

Allergy and Clinical Immunology にどどぱ┹はぬゅなょ┺ぱば┽ひね┻ 
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のは┻ Kusunoki T┸ Morimoto T┸ Nishikomori R┸ et al┻ Obesity and the prevalence of allergic diseases in schoolchildren┻ Pediatr Allergy Immunol にどどぱ┹なひゅはょ┺のにば┽ぬね┻ のば┻ (e QQ┸ Wong TW┸ Du L┸ et al┻ Respiratory health in overweight and obese Chinese children┻ 
Pediatr Pulmonol にどどひ┹ねねゅなどょ┺ひひば┽などどに┻ のぱ┻ Scholtens S┸ Wijga A(┸ Seidell JC┸ et al┻ Overweight and changes in weight status during childhood in relation to asthma symptoms at ぱ years of age┻ J Allergy Clin Immunol にどどひ┹なにぬゅはょ┺なぬなに┽ぱ┻eに┻ のひ┻ Tai A┸ Volkmer R┸ Burton A┻ Association between asthma symptoms and obesity in preschool ゅね┽の year oldょ children┻ J Asthma にどどひ┹ねはゅねょ┺ぬはに┽はの┻ はど┻ Vazquez┽Nava F┸ Morales Romero J┸ Cordova Fernandez A┸ et al┻ Association between obesity and asthma in preschool Mexican children┻ ScientificWorldJournal にどなど┹など┺なぬぬひ┽ねは┻ はな┻ Visness CM┸ London SJ┸ Daniels JL┸ et al┻ Association of Childhood Obesity With Atopic and Nonatopic Asthma┺ Results From the National (ealth and Nutrition Examination Survey なひひひ‒にどどは┻ J Asthma にどなど┹ねばゅばょ┺ぱにに┽にひ┻ はに┻ Cibella F┸ Cuttitta G┸ La Grutta S┸ Melis MR┸ Bucchieri S┸ Viegi G┻ A cross┽sectional study assessing the relationship between BM)┸ asthma┸ atopy┸ and eNO among schoolchildren┻ 
Ann Allergy Asthma Immunol にどなな┹などばゅねょ┺ぬぬど┽ぬは┻ はぬ┻ Matos SM┸ Jesus SR┸ Saldiva SR┸ et al┻ Overweight┸ asthma symptoms┸ atopy and pulmonary function in children of ね┽なに years of age┺ findings from the SCAALA cohort in Salvador┸ Bahia┸ Brazil┻ Public Health Nutr にどなな┹なねゅばょ┺なにばど┽ばぱ┻ はね┻ Yao TC┸ Ou LS┸ Yeh KW┸ Lee W)┸ Chen LC┸ (uang JL┻ Associations of age┸ gender┸ and BM) with prevalence of allergic diseases in children┺ PATC( study┻ J Asthma にどなな┹ねぱゅのょ┺のどぬ┽など┻ はの┻ Magnusson JO┸ Kull )┸ Mai XM┸ Wickman M┸ Bergstrom A┻ Early childhood overweight and asthma and allergic sensitization at ぱ years of age┻ Pediatrics にどなに┹なにひゅなょ┺ばど┽ばは┻ はは┻ Noal RB┸ Menezes AMB┸ Macedo SEC┸ et al┻ )s obesity a risk factor for wheezing among adolescents╂ A prospective study in southern Brazil┻ J Adolesc Health にどなに┹のなゅは Supplょ┺Sぬぱ┽ねの┻ はば┻ Guibas GV┸ Manios Y┸ Xepapadaki P┸ et al┻ The obesity┽asthma link in different ages and the role of Body Mass )ndex in its investigation┺ Findings from the Genesis and (ealthy Growth Studies┻ Allergy: European Journal of Allergy and Clinical Immunology にどなぬ┹はぱゅなどょ┺なにひぱ┽ぬどの┻ はぱ┻ Silva RDCR┸ Assis AMO┸ Goncalves MS┸ et al┻ Prevalence of Wheezing and its Association with Body Mass )ndex and Abdominal Obesity in Children┻ J Asthma にどなぬ┹のどゅぬょ┺にはば┽ばぬ┻ はひ┻ Wang D┸ Qian Z┸ Wang J┸ et al┻ Gender┽specific differences in associations of overweight and obesity with asthma and asthma┽related symptoms in ぬど┸どのは children┺ result from にの districts of Northeastern China┻ J Asthma にどなね┹doi┺など┻ぬなどひ【どにばばどひどぬ┻にどなね┻ぱひにひはぬ┻ 
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ばど┻ Rodríguez MA┸ Winkleby MA┸ Ahn D┸ Sundquist J┸ Kraemer (C┻ )dentification of population subgroups of children and adolescents with high asthma prevalence┺ Findings from the third national health and nutrition examination survey┻ Arch Pediatr Adolesc Med にどどに┹なのはゅぬょ┺にはひ┽ばの┻ ばな┻ Garcia┽Marcos L┸ Valverde┽Molina J┸ Ortega MLC┸ Sanchez┽Solis M┸ Martinez┽Torres AE┸ Castro┽Rodriguez JA┻ Percent body fat┸ skinfold 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╂ Matern Child Nutr にどどぱ┹ねゅねょ┺ぬどね┽など┻ ばに┻ Suglia SF┸ Chambers EC┸ Rosario A┸ Duarte CS┻ Asthma and obesity in three┽year┽old urban children┺ Role of sex and home environment┻ J Pediatr にどなな┹なのひゅなょ┺なね┽にど┻eな┻ ばぬ┻ Tollefsen E┸ Langhammer A┸ Romundstad P┸ Bjermer L┸ Johnsen R┸ (olmen TL┻ Female gender is associated with higher incidence and more stable respiratory symptoms during adolescence┻ Respir Med にどどば┹などなゅのょ┺ぱひは┽ひどに┻ ばね┻ Bibi (┸ Shoseyov D┸ Feigenbaum D┸ et al┻ The relationship between asthma and obesity in children┺ )s it real or a case of over diagnosis╂ J Asthma にどどね┹ねなゅねょ┺ねどぬ┽など┻ ばの┻ Ahmad N┸ Biswas S┸ Bae S┸ Meador KES┸ (uang R┸ Singh KP┻ Association between Obesity and asthma in US children and adolescents┻ J Asthma にどどひ┹ねはゅばょ┺はねに┽ねは┻ ばは┻ Rücker G┸ Schwarzer G┸ Carpenter JR┸ Schumacher M┻ Undue reliance on )に in assessing heterogeneity may mislead┻ BMC Med Res Methodol にどどぱ┹ぱゅなょ┺ばひ┻ 
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