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Abstract
Background  Following the “hygiene hypothesis”, the role of sibship composition in asthma and wheezing has been exten-
sively studied, but the findings are inconsistent. For the first time, this systematic review and meta-analysis synthesized 
evidences from studies investigating the association of sibship size and birth order with risk of asthma and wheezing.
Methods  Fifteen databases were searched to identify eligible studies. Study selection and data extraction were performed 
independently by pairs of reviewers. Meta-analysis with robust variance estimation (RVE) was used to produce pooled risk 
ratio (RR) effect estimates from comparable numerical data.
Results  From 17,466 identified records, 158 reports of 134 studies (> 3 million subjects) were included. Any wheezing 
in the last ≤ 1.5 years occurred more frequently in infants with ≥ 1 sibling [pooled RR 1.10, 95% confidence interval (CI) 
1.02–1.19] and ≥ 1 older sibling (pooled RR 1.16, 95% CI 1.04–1.29). The pooled effect sizes for asthma were overall 
statistically nonsignificant, although having ≥ 1 older sibling was marginally protective for subjects aged ≥ 6 years (pooled 
RR 0.93, 95% CI 0.88–0.99). The effect estimates weakened in studies published after 2000 compared with earlier studies.
Conclusions  Being second-born or later and having at least one sibling is associated with a slightly increased risk of tem-
porary wheezing in infancy. In contrast, being second-born or later is associated with marginal protection against asthma. 
These associations appear to have weakened since the turn of the millennium, possibly due to lifestyle changes and socio-
economic development.
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Introduction

Asthma is a heterogeneous chronic inflammatory pulmonary 
disease [1–3] characterized by usually reversible [4] expira-
tory airflow limitation and wheezing, dyspnea, cough, and 
chest tightness [2, 5]. Following a sharp increase in preva-
lence—particularly in high-income countries [3, 6]—in the 
second half of the twentieth century [7], hundreds of millions 
are affected worldwide [8]; however, recent trends are mixed, 
with reports of levelling-off/decrease in some regions and 
increase in others [9–11]. Numerous studies [3, 12, 13] have 
been published aiming to elucidate risk factors responsible for 
the heterogeneous distribution and clinical burden of asthma 
[14].  Susceptibility to developing asthma may be partially 
established in utero [15]; therefore, some studies focus on 
identifying prenatal and early life environmental risk factors 
for asthma, such as sibship composition, which gained wide-
spread attention after Strachan found an inverse correlation 
between birth order and atopic diseases such as allergic rhinitis 
[16]. This association is commonly attributed to the “hygiene 
hypothesis”, which suggests that cross-infection between sib-
lings, particularly early in life, influences the immune system, 
decreasing the risk of inappropriate response to innocuous 
antigens and subsequent development of asthma and/or allergy 
[3, 17, 18].

Asthma and other atopic diseases commonly coexist [19] 
and demonstrate diverse trajectories [20, 21], complicating the 
establishment of putative risk and protective factors. While 
wheezing, a common symptom in asthma [22–26], is a pre-
dictor of asthma development in early life [27], the cause and 
course of wheezing vary widely [19], particularly in infancy, 
when respiratory infections and remission are common [15, 
28]. Previous studies examining the association between sib-
ship composition and asthma have produced conflicting find-
ings [29, 30]. The aim of this work was to evaluate the asso-
ciation of (1) the number of siblings (sibship size) and (2) the 
number of older siblings (birth order) with the risk of asthma, 
including symptoms of wheezing. Given continuous lifestyle 
changes in recent decades, we also aimed to elucidate whether 
the role of sibship composition in asthma reflects these soci-
etal transitions by stratifying studies between those published 
before and after the turn of the millennium. Furthermore, using 
the World Bank’s classification of countries by income, we 
evaluated whether the association between sibship composi-
tion and asthma varies by socioeconomic development.

Methods

This study was conducted according to an a priori published 
protocol [31], which was reported following the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 

Protocols (PRISMA-P) [32] and prospectively registered on 
the International Prospective Register of Systematic Reviews 
(PROSPERO; CRD42020207905). We reported our work in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [33] checklist 
(supplementary table S1) and the Meta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) [34] reporting 
guidelines (supplementary table S2).

Data sources and search strategy

AMED, CABI, CINAHL, Embase, Google Scholar, OAIs-
ter, Open Access Theses and Dissertations, Open Grey, Pro-
Quest Dissertations & Theses Global, PsycINFO, PubMed, 
SciELO, Scopus, Web of Science, and WHO Global Index 
Medicus were searched from inception through the search 
date (30 September 2020). An updated search was per-
formed on 20 October 2021. From Google Scholar, the first 
300 results were retrieved [35]. Articles in languages other 
than English were translated using Google Translate [36]. 
References of included studies were screened for additional 
studies. The search strategy (supplementary table S3A-I) 
was developed by DL and BIN.

Inclusion and exclusion criteria

Observational studies (including cohort studies, case‒con-
trol studies, and cross-sectional studies) of any publication 
status (e.g., preprint, in embargo, or in press) were eligi-
ble. Reviews, case series/studies, and expert opinions were 
excluded. There was no restriction on subject characteristics 
or sample size. Studies with defined sibship composition as 
an independent variable and asthma—either self-reported, 
including symptom-based definitions, e.g., wheezing [37], or 
based on clinician diagnosis or clinical measurements, e.g., 
spirometry findings of variable expiratory airflow limitation 
[38]—as the dependent variable were eligible.

Study selection and data extraction

Deduplication was performed by DL in EndNote X9 (Clari-
vate Analytics, 2020) using a method proposed by Bramer 
et al. [39]. DL and SSÖE independently screened titles/
abstracts and assessed the full texts of reports that did not 
meet any exclusion criteria. After each step, the decisions 
were unblinded and compared for differences, which were 
arbitrated by a third reviewer (BIN) if necessary. Data extrac-
tion was conducted in pairs (DL, SSÖE, AI, GPM, SN, and 
GCIS) using an a priori developed data extraction form, fol-
lowing the same methodology. From each article, we extracted 
the following: first author; year of publication; study design; 
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source of subjects (e.g., medical records or registry); number, 
age, and country of subjects; definition/assessment of expo-
sure and outcome; and numerical data of findings.

Quality assessment

Assessment of quality in the included studies was performed 
using the Effective Public Health Practice Project (EPHPP) 
[40] tool, modified based on a systematic review by Smith 
et al. [41]. Six domains (study design, selection bias, con-
founding, blinding, data collection, and withdrawals/drop-
outs) were rated as “strong”, “moderate”, or “weak”. The 
overall rating was based on the number of “weak” domain 
ratings: “weak” (≥ 2 “weak” ratings), “moderate” (1 “weak” 
rating), and “strong” (no “weak” ratings). Pairs of review-
ers (DL, SSÖE, AI, GPM, SN, and GCIS) independently 
assessed quality. The ratings were unblinded after comple-
tion and compared for differences, which were arbitrated by 
a third reviewer (BIN) if necessary.

Data synthesis and statistical analysis

Descriptive tables summarizing key characteristics of the 
included studies were generated. Findings were narratively 
synthesized. Comparable (regarding independent/depend-
ent variables and participant characteristics) numerical data 
from ≥ 2 separate studies [42] were analyzed using meta-
analysis with robust variance estimation (RVE) using the 
robu() function from the robumeta [43] R package. RVE can 
account for statistically dependent estimates, e.g., estimates 
from individual studies that compare the effect in several 
(similar) treatment groups against one control group, thereby 
making use of a larger proportion of available data and facil-
itating a more comprehensive assessment [44]. In the present 
study, a common dependency structure was measurements 
of multiple cardinalities (e.g., sibship sizes) against the same 
reference group. The correlated effects model, small sample 
correction (to increase accuracy) [43], and the default rho 
value of 0.8 were used. Meta-analysis results were presented 
in forest plots created using the forest() function from the 
forestploter [45] R package. Separate meta-analyses were 
performed for each exposure type (birth order and sibship 
size) in relation to (a) current asthma (in the last year), (b) 
ever asthma, (c) any wheezing in the last ≤ 1.5 years, and (d) 
recurrent wheezing (≥ 2 episodes) in the last ≤ 1.5 years. For 
sibship size, subjects without siblings constituted the refer-
ence group. Similarly, first-born subjects were the reference 
group for birth order. Risk ratio (RR) was used as measure of 
effect, due to the exposures’ prospective nature and intuitive 
interpretation of results [46–48], with 95% confidence inter-
val (95% CI). Data in odds ratio (OR) and hazard ratio (HR) 

were converted to estimates of RR if outcome was ≥ 15% (at 
the end of follow-up) [49]:

•	 RR ≈ 
√

OR

•	 RR ≈  1−0.5
√

HR

1−0.5

√

1

HR

Incidence risk ratio (IRR), prevalence ratio (PR), and 
relative risk ratio (RRR) estimates were used without con-
version, as these are mathematically identical to RR [46]. 
Effect sizes were recalculated using the reciprocal of the 
estimate where the reference exposure was not the lower 
cardinality, e.g., birth order < 3 vs. ≥ 3. Subgroup analy-
ses were performed to assess potential causes for hetero-
geneity using the following variables: (a) study design; 
(b) overall rating; (c) classification of country into “high 
income”, “upper-middle income”, “lower-middle income”, 
and “low income” economy, as defined at the year of pub-
lication by the World Bank [50]; (d) year(s) during which 
data were collected, divided into < 2000 and ≥ 2000; (e) 
continent, divided into Africa, Asia, Europe, North Amer-
ica, Oceania, and South America; (f) participant age (in 
years), divided arbitrarily into ≤ 1.5 and > 1.5 for wheezing 
outcomes, to differentiate infants who likely wheeze due 
to bronchiolitis, as this is a common cause of wheezing in 
the lower age group [51, 52], and < 6 and ≥ 6 for asthma 
outcomes, also selected arbitrarily to better differentiate 
transient obstructive airway disease from genuine asthma, 
the former more commonly presenting in the lower age 
group [53, 54]; and (g) exposure cardinality (e.g., sibship 
size 2). Subgroup analysis was performed in cases of ≥ 4 
comparable studies in ≥ 2 subgroups [55].

Sensitivity analysis was conducted by excluding stud-
ies with a “weak” overall rating and studies where the 
outcome was not clinically confirmed (medical records or 
clinical examination). Furthermore, sensitivity analysis on 
the basis of the rho value in the meta-analyses was per-
formed using the sensitivity() function from the robumeta 
[43] R package, in which the pooled effect size was cal-
culated with increments of 0.2 from 0 to 1. The I-squared 
(I2) statistic was calculated to quantify the proportion of 
variance across study estimates not due to random sam-
pling error [56, 57]. Tau-squared (τ2) was calculated to 
assess the between-study variance [58]. Meta-analysis 
results with Satterwhite degrees of freedom (df) < 4 were 
considered unreliable [43].

Publication bias was assessed: (a) visually for indica-
tions of asymmetry with funnel plots (using the funnel() 
function); (b) statistically, with Begg and Mazumdar rank 
correlation test [59] (using the ranktest() function) and 
Egger’s regression test [60] (using the regtest() func-
tion), regarding P < 0.05 as significant. The trim-and-fill 
method [61] was implemented to assess the number of 
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studies needed to normalize asymmetric funnel plots using 
the trimfill() function. Publication bias assessment was 
performed with the metafor [62] R package in exposure-
outcome pairs with ≥ 10 studies [63]. The R scripts and 
compiled datasets used in the analyses are available at 
Open Science Framework (https://​osf.​io/​kmfe2).

Results

In total, 17,466 records were identified. Following dedupli-
cation, 8819 records proceeded to screening by title/abstract. 
Of these, 462 full-text reports were assessed for eligibility. 
A total of 158 reports of 134 studies met the full inclusion 
criteria (Fig. 1).

Study characteristics

The characteristics of the included reports are shown in 
Supplementary Table S4A-C. Most were cohort (n = 70) or 
cross-sectional (n = 71) designs, while 13 were case‒control 
studies and four were nested case‒control studies. Fifty-six 
reports had “high”, 78 had “moderate”, and 24 had “weak” 
overall ratings (Fig. 2, Supplementary Table S5). In total, 
the studies included data from over 3 million participants 
across 79 countries (Fig. 3). Most studies were conducted in 

high-income countries, particularly in Europe, on the Ameri-
can continent, northeastern Asia, and Oceania. Reports with 
high overall ratings were mostly published in recent times 
(Fig. 4).

Any wheezing

Any wheezing was assessed with meta-analysis in 27 reports 
for birth order and 15 reports for sibship (Fig. 5, Supple-
mentary Figure S1a-b). The pooled effect size for sibship 
size ≥ 2 vs. 1 indicated significantly increased risk (RR 1.10, 
95% CI 1.02–1.19). Similarly, the pooled effect size for birth 
order ≥ 2 vs. 1 indicated an increased risk (RR 1.16, 95% CI 

Fig. 1   Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.  http://​www.​prisma-​state​ment.​org/

Fig. 2   Domain ratings and overall rating of the included studies. Red: 
“weak”, yellow: “moderate”, green: “strong” rating

https://osf.io/kmfe2
http://www.prisma-statement.org/
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Fig. 3   Map of the countries of participants in the included studies. 
The two letter code indicates the country name and the number indi-
cates how many reports there are from said country. AR Argentina, 
AT Austria, AU Australia, BB Barbados, BD Bangladesh, BE Bel-
gium, BO Bolivia (Plurinational State of), BR Brazil, BY Belarus, CA 
Canada, CH Switzerland, CI Côte d'Ivoire, CL Chile, CM Cameroon, 
CN China, CO Colombia, CU Cuba, DE Germany, DK Denmark, DO 
Dominican Republic, EC Ecuador, EE Estonia, ES Spain, ET Ethio-
pia, FI Finland, FJ Fiji, FR France, GA Gabon, GB United Kingdom 
of Great Britain and Northern Ireland, GH Ghana, GR Greece, HK 
Hong Kong, HU Hungary, ID Indonesia, IE Ireland, IL Israel, IM Isle 

of Man, IN India, IR Iran (Islamic Republic of), IS Iceland, IT Italy, 
JM Jamaica, JP Japan, KG Kyrgyzstan, KR Korea, Republic of, KW 
Kuwait, LT Lithuania, MA Morocco, MG Madagascar, MK North 
Macedonia, MT Malta, MX Mexico, MY Malaysia, NC New Caledo-
nia, NG Nigeria, NL Netherlands, NO Norway, NZ New Zealand, OM 
Oman, PA Panama, PE Peru, PF French Polynesia, PH Philippines, 
PL Poland, PT Portugal, SA Saudi Arabia, SD Sudan, SE Sweden, SG 
Singapore, SY Syrian Arab Republic, TH Thailand, TK Tokelau, TR 
Turkey, TW Taiwan, Province of China, US United States of America, 
UY Uruguay, VE Venezuela (Bolivarian Republic of), WS Samoa, ZA 
South Africa

Fig. 4   Number of reports published by year among included reports (a) and overall rating of the included reports by year (b)
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1.04–1.29). However, the effect only remained significant for 
subjects aged ≤ 1.5 years (RR 1.36, 95% CI 1.16–1.6). Simi-
larly, the increased risk was only statistically significant in 
studies conducted in Europe (RR 1.22, 95% CI 1.02–1.45). 
Finally, a marginally stronger association, albeit with wider 
95% CIs, could be seen for birth order ≥ 2 in studies of 
moderate or low overall quality compared to studies of high 
overall quality. Heterogeneity was high for both sibship size 
(I2 = 79.2%, τ2 = 0.01) and birth order (I2 = 88.3%, τ2 = 0.03).

Recurrent wheezing

Recurrent wheezing was assessed with meta-analysis in five 
reports for birth order and three reports for sibship size (Sup-
plementary Figure S2a-b). There were insufficient studies to 
perform subgroup analysis, and the pooled effect sizes were 
nonsignificant. Heterogeneity was moderate for both birth 
order ≥ 2 vs. 1 (I2 = 72.8%, τ2 = 0.13) and sibship size ≥ 2 vs. 
1 (I2 = 72.7%, τ2 = 0.08).

Current asthma

Current asthma was assessed with meta-analysis in 23 
reports for birth order and 13 reports for sibship size (Fig. 6, 
Supplementary Figure S3a-b). The pooled effect sizes for 
sibship size ≥ 2 vs. 1 and birth order ≥ 2 vs. 1 were non-
significant. However, for subjects aged ≥ 6 years, having ≥ 1 
older sibling was associated with a marginally reduced risk 
(RR 0.94, 95% CI 0.88–0.99; I2 = 51.0%, τ2 = 0.01). A dose-
dependent increase could be discerned in the subgroup 
analysis for birth order, but none of the cardinalities had a 
significant pooled effect size. The association did not vary 
notably by overall quality. For sibship size ≥ 2 vs. 1, the only 
significant finding was for studies published before 2000 
(RR 0.81, 95% CI 0.71–0.93; I2 = 0%, τ2 = 0).

Ever asthma

Ever asthma was assessed with meta-analysis in 19 reports 
for birth order and 7 reports for sibship size (Fig. 7, Sup-
plementary Figure S4a-b). None of the pooled effect sizes 
were significant, and subgroup analyses did not produce any 
significant findings. A slight trend of weakening association 
with time could potentially be discerned for birth order, with 
the pooled effect size on the edge of being significant – albeit 
with df = 2.13—for studies published before 2000 (RR 0.89, 

95% CI 0.79–1) compared to later studies (RR 0.93, 95% 
CI 0.83–1.03). Studies of strong overall quality indicated a 
slightly stronger association than studies of moderate over-
all quality. Heterogeneity was moderate for both birth order 
(I2 = 71.8%, τ2 = 0.01) and sibship size (I2 = 66.4%, τ2 = 0).

Publication bias and sensitivity analysis

The funnel plots (Supplementary Fig. S5) did not indicate 
substantial publication bias. For birth order on current 
asthma, Egger’s regression test was significant (P = 0.002; 
Supplementary Table S6c), and the corresponding funnel 
plot appeared asymmetric; however, the outlying estimates 
were mostly derived from one study [64] that reported on 
multiple outcomes. Similarly, the funnel plot for sibship size 
on current asthma after trim-and-fill did not indicate any 
genuine publication bias (Supplementary Fig. S6b).

When excluding studies with a “weak” overall rating, 
the effect of birth order ≥ 2 vs. 1 on any wheezing became 
barely nonsignificant (RR 1.12, 95% CI 0.99–1.26) com-
pared to the pooled effect size of all studies (RR 1.16, 95% 
CI 1.04–1.29), while the association of sibship size with 
any wheezing remained significant. For asthma outcomes, 
the overall pooled effect sizes remained similar across sen-
sitivity analyses, while there were too few studies on recur-
rent wheezing to draw any conclusions (Supplementary 
Table S7). Different values of rho only marginally shifted 
the pooled effect sizes (Supplementary Table S8).

Discussion

Summary of key findings

We found a slight but significantly increased risk of wheez-
ing in infants with siblings and second-born or later infants. 
This association was not significant for recurrent wheez-
ing and did not remain beyond infancy; however, the risk 
of current asthma was marginally lower for individuals 
aged ≥ 6 years with at least one older sibling. The inves-
tigated associations weakened in studies published after 
2000 compared to earlier studies. This trend was also seen 
in studies of moderate or strong overall rating from before 
vs. after the turn of the millennium. The findings were com-
parable between continents for most outcomes; however, for 
the association of birth order with any wheezing, a statisti-
cally significant increased risk was indicated in Europe, in 
contrast to Asia and North America.

Strengths and limitations

To our knowledge, this systematic review is the first to 
assess the association between sibship composition and the 

Fig. 5   Forest plot for birth order ≥ 2 vs. 1 (a) and sibship size ≥ 2 vs 
1 (b) in relation to any wheezing (≥ 1 episode in last ≤ 1.5 years). df 
Satterwhite degrees of freedom, K number of studies, N number of 
subjects (if not available, the number of subjects for the most similar 
exposure-outcome pair or for the whole study is stated), No. number, 
RR risk ratio

◂
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Fig. 6   Forest plot for birth order ≥ 2 vs. 1 (a) and sibship size ≥ 2 
vs. 1 (b) in relation to current asthma (in last year). df Satterwhite 
degrees of freedom, K number of studies, N number of subjects (if 

not available, the number of subjects for the most similar exposure-
outcome pair or for the whole study is stated), No. number, RR risk 
ratio
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risk of asthma. We searched 15 databases and identified a 
substantial body of relevant research, allowing for precise 
meta-analysis and detailed analyses of trends and associa-
tions at the subgroup level. However, most studies were from 
high-income countries, which limited subgroup analysis by 
income. Similarly, as most studies were conducted in geo-
graphically limited areas, we had insufficient data to discern 
any clear and consistent trend or difference in the associa-
tion by continent. Furthermore, the included studies were 
heterogeneous in methodology, participants, and definition 
of asthma, restricting generalizability of the results. This 

also limited the number of studies eligible for meta-analysis, 
particularly due to substantial differences in the cardinali-
ties (e.g., sibship size) and reference groups used, as well as 
heterogeneous outcome definitions, e.g., with variations in 
healthcare use, concomitant symptoms such as wheezing, 
presence of atopy, etc. Observational studies—constituting 
the basis for our analyses—are prone to risk of confounding 
[65]; thus, the findings may not indicate a true causal effect 
of sibship composition on risk of asthma. Finally, most stud-
ies used self-reports of investigated outcomes, which may 
have reduced precision and clinical validity [54, 66–68].

Fig. 7   Forest plot for birth order ≥ 2 vs. 1 (a) and sibship size ≥ 2 vs. 
1 (b) in relation to ever asthma. df Satterwhite degrees of freedom, K 
number of studies, N number of subjects (if not available, the num-

ber of subjects for the most similar exposure-outcome pair or for the 
whole study is stated), No. number, RR risk ratio
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Comparison of findings to previous studies

To the best of our knowledge, this is the first systematic 
review on the role of sibship composition in asthma. Fur-
thermore, we performed the first quantitative synthesis 
including dependent data for this association, enabling pre-
cise pooled effect size estimates.

Interpretation of findings

Between birth order and sibship size in relation to the risk of 
asthma, the impact of birth order appears stronger than that 
of sibship size, which may be because being second-born 
presupposes having at least one sibling, while having at least 
one sibling does not presuppose having at least one older 
sibling. Furthermore, the proposed “hygiene hypothesis” is 
likely driven by older siblings, who may be old enough to 
attend school or have outdoor activities from which con-
tracted infections can be transmitted to younger siblings 
[64, 69, 70]. While the association of sibship composition 
with allergy appears more consistent, the weaker results 
for asthma can perhaps be explained by the heterogeneous 
nature of asthma, with inconsistent diagnosis and classifica-
tion during childhood. As a heterogeneous disease, asthma 
consists of multiple endotypes and phenotypes [71, 72], with 
varying underlying mechanisms and influencing factors [1], 
some of which do not involve allergic components [73, 74]. 
These factors significantly complicate the interpretation of 
our findings regarding asthma as an outcome. Although most 
of the studies were conducted in a small number of coun-
tries, subgroup analysis by continent indicated that some 
differences in the association may exist, at least for wheez-
ing, possibly explained by differences in exposure or lifestyle 
factors between geographical regions. Finally, it appears as 
if the association of sibship composition with risk of asthma 
and wheezing is diminishing over time, as pooled effect sizes 
weakened in studies from year ≥ 2000 compared with earlier 
studies. This could be related to socioeconomic and lifestyle 
changes, e.g., more children attending daycare [75], or other 
factors influencing the risk of asthma that we did not have 
sufficient data to account for, such as air pollution, which 
varies substantially by region and time [76], but this trend 
could also be an indication of improved diagnosis of asthma, 
with newer studies commonly implementing more rigorous 
and accurate assessment methods.

Clinical and research implications

The association between sibship composition and transient 
wheezing appears to stem from respiratory infections, com-
monly caused by cross-infection between siblings during 

infancy [51, 77], and does persist into childhood, during 
which wheezing is more commonly caused by obstruc-
tive airway disease. Current asthma, however, was mar-
ginally less common among second-born or later subjects 
aged ≥ 6 years. Given the subtle difference in risk, together 
with the heterogeneity of the included studies, the complex-
ity of the disease, and the seemingly weakening effect in 
recent decades, the protection of having older siblings may 
not constitute a protection of relevance in practice.

In conclusion, our findings indicate that having siblings 
and being second-born or later, respectively, may constitute 
a slightly increased risk of transient wheezing in infancy. 
This association does not extend beyond infancy. In contrast, 
being second-born or later appears to be associated with 
marginal protection against asthma. These associations have 
seemingly weakened since the turn of the millennium, possi-
bly due to lifestyle changes and socioeconomic development.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12519-​023-​00706-w.

Acknowledgements  DL acknowledges the advice from Guo-Qiang 
Zhang (University of Gothenburg, Sweden) in engineering technical 
details of the meta-analyses.

Author contributions  BIN: conceptualization, methodology, software, 
validation, formal analysis, investigation, resource, writing–original 
draft, writing–review and editing, visualization, supervision, project 
administration. DL: methodology, software, validation, formal analy-
sis, investigation, resource, data curation, writing–original draft, writ-
ing–review and editing, visualization, project administration. SSOE: 
methodology, validation, formal analysis, investigation. GW: method-
ology, validation, supervision. All the other authors: writing–review 
and editing.

Funding  Open access funding provided by University of Gothenburg.

Data availability  All data and code used for the analyses are available 
at https://​osf.​io/​kmfe2/.

Declarations 

Ethical approval  Not applicable, as no primary data or sensitive data 
were used.

Conflict of interest  No financial or non-financial benefits have been re-
ceived or will be received from any party related directly or indirectly 
to the subject of this article.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

https://doi.org/10.1007/s12519-023-00706-w
https://osf.io/kmfe2/
http://creativecommons.org/licenses/by/4.0/


1137World Journal of Pediatrics (2023) 19:1127–1138	

1 3

References

	 1.	 Kuruvilla ME, Lee FE-H, Lee GB. Understanding asthma pheno-
types, endotypes, and mechanisms of disease. Clin Rev Allergy 
Immunol. 2019;56:219–33.

	 2.	 Carr TF, Bleecker E. Asthma heterogeneity and severity. World 
Allergy Organ J. 2016;9:41.

	 3.	 van Tilburg BE, Arrieta MC. Hygiene hypothesis in asthma devel-
opment: is hygiene to blame? Arch Med Res. 2017;48:717–26.

	 4.	 Donohue JF. Therapeutic responses in asthma and COPD: bron-
chodilators. Chest. 2004;126:125S-S137.

	 5.	 Reddel HK, Bacharier LB, Bateman ED, Brightling CE, Brusselle 
GG, Buhl R, et al. Global initiative for asthma strategy 2021: 
executive summary and rationale for key changes. Am J Respir 
Crit Care Med. 2022;205:17–35.

	 6.	 Martinez FD. Trends in asthma prevalence, admission rates, and 
asthma deaths. Respir Care. 2008;53:561–7.

	 7.	 Braman SS. The global burden of asthma. Chest. 
2006;130:4S–12S.

	 8.	 Dharmage SC, Perret JL, Custovic A. Epidemiology of asthma 
in children and adults. Front Pediatr. 2019;7:246.

	 9.	 Asher MI, Rutter CE, Bissell K, Chiang C-Y, El Sony A, Ell-
wood E, et al. Worldwide trends in the burden of asthma symp-
toms in school-aged children: global asthma network phase I 
cross-sectional study. The Lancet. 2021;398:1569–80.

	10.	 Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U, Mitchell 
E, et al. Worldwide trends in the prevalence of asthma symp-
toms: phase III of the international study of asthma and allergies 
in childhood (ISAAC). Thorax. 2007;62:758–66.

	11.	 Wennergren G, Ekerljung L, Alm B, Eriksson J, Lötvall J, Lun-
dbäck B. Asthma in late adolescence – farm childhood is protec-
tive and the prevalence increase has levelled off. Pediatr Allergy 
Immunol. 2010;21:806–13.

	12.	 Toskala E, Kennedy DW. Asthma risk factors. Int Forum 
Allergy Rhinol. 2015;5(Suppl 1):S11–6.

	13.	 Castro-Rodriguez JA, Forno E, Rodriguez-Martinez CE, Celedón 
JC. Risk and protective factors for childhood asthma: what is the 
evidence? J Allergy Clin Immunol Pract. 2016;4:1111–22.

	14.	 To T, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz 
AA, et al. Global asthma prevalence in adults: findings from 
the cross-sectional world health survey. BMC Public Health. 
2012;12:204.

	15.	 Duijts L. Fetal and infant origins of asthma. Eur J Epidemiol. 
2012;27:5–14.

	16.	 Strachan DP. Hay fever, hygiene, and household size. BMJ. 
1989;299:1259–60.

	17.	 Brooks C, Pearce N, Douwes J. The hygiene hypothesis in 
allergy and asthma: an update. Curr Opin Allergy Clin Immunol. 
2013;13:70–7.

	18.	 Liu AH. Revisiting the hygiene hypothesis for allergy and asthma. 
J Allergy Clin Immunol. 2015;136:860–5.

	19.	 Tang HH, Teo SM, Belgrave DC, Evans MD, Jackson DJ, Brozynska 
M, et al. Trajectories of childhood immune development and respira-
tory health relevant to asthma and allergy. Elife. 2018;7:e35856.

	20.	 Forster F, Ege MJ, Gerlich J, Weinmann T, Kreißl S, Weinmayr G, 
et al. Trajectories of asthma and allergy symptoms from childhood 
to adulthood. Allergy. 2022;77:1192–203.

	21.	 Bui DS, Lodge CJ, Perret JL, Lowe A, Hamilton GS, Thompson 
B, et al. Trajectories of asthma and allergies from 7 years to 53 
years and associations with lung function and extrapulmonary 
comorbidity profiles: a prospective cohort study. Lancet Respir 
Med. 2021;9:387–96.

	22.	 Johnson J, Abraham T, Sandhu M, Jhaveri D, Hostoffer R, Sher 
T. Differential diagnosis of asthma. Allergy Asthma: Basics Best 
Pract. 2019;2019:383–400.

	23.	 Kirenga BJ, Schwartz JI, de Jong C, van der Molen T, Okot-
Nwang M. Guidance on the diagnosis and management of 
asthma among adults in resource limited settings. Afr Health Sci. 
2015;15:1189–99.

	24.	 Kaplan AG, Balter MS, Bell AD, Kim H, McIvor RA. Diagno-
sis of asthma in adults. CMAJ: Can Med Assoc J = Journal de 
l’Association medicale canadienne. 2009;181:E210–20.

	25.	 Martinez JAB. Not all that wheezes is asthma! Jornal brasileiro 
de pneumologia: publicacao oficial da Sociedade Brasileira de 
Pneumologia e Tisilogia. 2013;39:518–20.

	26.	 He Z, Feng J, Xia J, Wu Q, Yang H, Ma Q. Frequency of signs and 
symptoms in persons with asthma. Respir Care. 2020;65:252–64.

	27.	 Dai R, Miliku K, Gaddipati S, Choi J, Ambalavanan A, Tran 
MM, et al. Wheeze trajectories: determinants and outcomes in the 
CHILD cohort study. J Allergy Clin Immunol. 2022;149:2153–65.

	28.	 Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, 
Morgan WJ. Asthma and wheezing in the first six years of life. The 
group health medical associates. N Engl J Med. 1995;332:133–8.

	29.	 Karmaus W, Botezan C. Does a higher number of siblings protect 
against the development of allergy and asthma? A review. J Epi-
demiol Commun Health. 2002;56:209–17.

	30.	 Subbarao P, Mandhane PJ, Sears MR. Asthma: epidemiology, 
etiology and risk factors. CMAJ. 2009;181:E181–90.

	31.	 Lisik D, Ioannidou A, Milani G, Nyassi S, Özuygur Ermis SS, 
Spolidoro GCI, et al. Sibship size, birth order and risk of asthma 
and allergy: protocol for a systematic review and meta-analysis. 
BMJ Open. 2021;11:e045795.

	32.	 Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew 
M, et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.

	33.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71.

	34.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Ren-
nie D, et al. Meta-analysis of observational studies in epidemiolo-
gyA proposal for reporting. JAMA. 2000;283:2008–12.

	35.	 Haddaway NR, Collins AM, Coughlin D, Kirk S. The role of 
google scholar in evidence reviews and its applicability to grey 
literature searching. PLoS ONE. 2015;10:e0138237.

	36.	 Balk EM, Chung M, Chen ML, Chang LKW, Trikalinos TA. Data 
extraction from machine-translated versus original language ran-
domized trial reports: a comparative study. Syst Rev. 2013;2:97.

	37.	 Farooqi IS, Hopkin JM. Early childhood infection and atopic dis-
order. Thorax. 1998;53:927–32.

	38.	 Zeller TA. Respiratory conditions update: asthma. FP Essent. 
2016;448:11–9.

	39.	 Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T. 
De-duplication of database search results for systematic reviews 
in EndNote. J Med Libr Assoc: JMLA. 2016;104:240–3.

	40.	 Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings 
GG. Assessment of study quality for systematic reviews: a com-
parison of the Cochrane collaboration risk of bias tool and the 
effective public health practice project quality assessment tool: 
methodological research. J Eval Clin Pract. 2012;18:12–8.

	41.	 Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field 
A, et al. Systematic literature review of built environment effects 
on physical activity and active transport – an update and new find-
ings on health equity. Int J Behav Nutr Phys Act. 2017;14:158.

	42.	 Ahn E, Kang H. Introduction to systematic review and meta-
analysis. Korean J Anesthesiol. 2018;71:103–12.



1138	 World Journal of Pediatrics (2023) 19:1127–1138

1 3

	43.	 Fisher Z, Tipton E. robumeta: an R-package for robust variance 
estimation in meta-analysis. 2015. Available from: https://​cran.r-​
proje​ct.​org/​web/​packa​ges/​robum​eta/​index.​html.

	44.	 Hedges LV, Tipton E, Johnson MC. Robust variance estimation in 
meta-regression with dependent effect size estimates. Res Synth 
Methods. 2010;1:39–65.

	45.	 Dayimu A. forestploter: Create Flexible Forest Plot. 2022. Available 
from: https://​cran.r-​proje​ct.​org/​web/​packa​ges/​fores​tplot​er/​index.​html.

	46.	 Martinez BAF, Leotti VB, Silva GDSE, Nunes LN, Machado G, 
Corbellini LG. Odds ratio or prevalence ratio? An overview of 
reported statistical methods and appropriateness of interpretations 
in cross-sectional studies with dichotomous outcomes in veteri-
nary medicine. Front Vet Sci. 2017;4:193.

	47.	 George A, Stead TS, Ganti L. What’s the risk: differentiating risk 
ratios, odds ratios, and hazard ratios? Cureus. 2020;12:e10047.

	48.	 Montreuil B, Bendavid Y, Brophy J. What is so odd about odds? 
Can J Surg J canadien de chirurgie. 2005;48:400–8.

	49.	 VanderWeele TJ, Ding P. Sensitivity analysis in observational 
research: introducing the e-value. Ann Intern Med. 2017;167:268–74.

	50.	 The World by Income and Region. Available from: https://​datat​
opics.​world​bank.​org/​world-​devel​opment-​indic​ators/​the-​world-​by-​
income-​and-​region.​html. Accessed 29 Oct 2022.

	51.	 El-Gamal YM, El-Sayed SS. Wheezing in infancy. World Allergy 
Organ J. 2011;4:85–90.

	52.	 Bush A, Thomson AH. Acute bronchiolitis.  BMJ. 
2007;335:1037–41.

	53.	 Trivedi M, Denton E. Asthma in children and adults-what are the differ-
ences and what can they tell us about asthma? Front Pediatr. 2019;7:256.

	54.	 Tenero L, Piazza M, Piacentini G. Recurrent wheezing in children. 
Transl Pediatr. 2016;5:31–6.

	55.	 Fu R, Gartlehner G, Grant M, Shamliyan T, Sedrakyan A, Wilt TJ, 
et al. AHRQ methods for effective health care conducting quantita-
tive synthesis when comparing medical interventions: AHRQ and 
the effective health care program. Methods guide for effectiveness 
and comparative effectiveness reviews. Rockville (MD): Agency 
for Healthcare Research and Quality (US); 2008. p. 1–5.

	56.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327:557–60.

	57.	 von Hippel PT. The heterogeneity statistic I2 can be biased in 
small meta-analyses. BMC Med Res Methodol. 2015;15:35.

	58.	 Parr NJ, Schweer-Collins ML, Darlington TM, Tanner-Smith EE. 
Meta-analytic approaches for examining complexity and heterogene-
ity in studies of adolescent development. J Adolesc. 2019;77:168–78.

	59.	 Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics. 1994;50:1088–101.

	60.	 Egger M, Smith GD, Schneider M, Minder C. Bias in meta-anal-
ysis detected by a simple, graphical test. BMJ. 1997;315:629–34.

	61.	 Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based 
method of testing and adjusting for publication bias in meta-anal-
ysis. Biometrics. 2000;56:455–63.

	62.	 Viechtbauer W. Conducting meta-analyses in R with the metafor 
package. J Stat Softw. 2010;36:1–48.

	63.	 Dalton JE, Bolen SD, Mascha EJ. Publication bias: the elephant 
in the review. Anesth Analg. 2016;123:812–3.

	64.	 Kikkawa T, Yorifuji T, Fujii Y, Yashiro M, Okada A, Ikeda M, 
et al. Birth order and paediatric allergic disease: a nationwide 
longitudinal survey. Clin Exp Allergy. 2018;48:577–85.

	65.	 Hammerton G, Munafò MR. Causal inference with observa-
tional data: the need for triangulation of evidence. Psychol Med. 
2021;51:563–78.

	66.	 Miller EK, Avila PC, Khan YW, Word CR, Pelz BJ, Papadopoulos 
NG, et al. Wheezing exacerbations in early childhood: evaluation, 
treatment, and recent advances relevant to the genesis of asthma. 
J Allergy Clin Immunol Pract. 2014;2:537–43.

	67.	 Torén K, Palmqvist M, Löwhagen O, Balder B, Tunsäter A. Self-
reported asthma was biased in relation to disease severity while 
reported year of asthma onset was accurate. J Clin Epidemiol. 
2006;59:90–3.

	68.	 Kauppi P, Laitinen LA, Laitinen H, Kere J, Laitinen T. Verifi-
cation of self-reported asthma and allergy in subjects and their 
family members volunteering for gene mapping studies. Respir 
Med. 1998;92:1281–8.

	69.	 Von M. The influence of birth order on the expression of atopy 
in families: a gene–environment interaction? Clin Exp Allergy. 
1998;28:1454–6.

	70.	 Bloomfield SF, Stanwell-Smith R, Crevel RW, Pickup J. Too 
clean, or not too clean: the hygiene hypothesis and home hygiene. 
Clin Exp Allergy. 2006;36:402–25.

	71.	 Agache I, Akdis C, Jutel M, Virchow JC. Untangling asthma phe-
notypes and endotypes. Allergy. 2012;67:835–46.

	72.	 Borish L, Culp JA. Asthma: a syndrome composed of 
heterogeneous diseases. Ann Allergy Asthma Immunol. 
2008;101:1–8.

	73.	 Warner JO. Asthma/rhinitis (The United Airway) and allergy: 
chicken or egg; which comes first? J Clin Med. 2020;9:1483.

	74.	 Baos S, Calzada D, Cremades-Jimeno L, Sastre J, Picado C, 
Quiralte J, et al. Nonallergic asthma and its severity: biomark-
ers for its discrimination in peripheral samples. Front Immunol. 
2018;9:1416.

	75.	 Ball TM, Holberg CJ, Aldous MB, Martinez FD, Wright AL. 
Influence of attendance at day care on the common cold from 
birth through 13 years of age. Arch Pediatr Adolesc Med. 
2002;156:121–6.

	76.	 Khreis H, Kelly C, Tate J, Parslow R, Lucas K, Nieuwenhuijsen 
M. Exposure to traffic-related air pollution and risk of develop-
ment of childhood asthma: a systematic review and meta-analysis. 
Environ Int. 2017;100:1–31.

	77.	 Koopman LP, Smit HA, Heijnen ML, Wijga A, van Strien RT, 
Kerkhof M, et al. Respiratory infections in infants: interaction 
of parental allergy, child care, and siblings– The PIAMA study. 
Pediatrics. 2001;108:943–8.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://cran.r-project.org/web/packages/robumeta/index.html
https://cran.r-project.org/web/packages/robumeta/index.html
https://cran.r-project.org/web/packages/forestploter/index.html
https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-and-region.html
https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-and-region.html
https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-and-region.html

	Is sibship composition a risk factor for childhood asthma? Systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data sources and search strategy
	Inclusion and exclusion criteria
	Study selection and data extraction
	Quality assessment
	Data synthesis and statistical analysis

	Results
	Study characteristics
	Any wheezing
	Recurrent wheezing
	Current asthma
	Ever asthma
	Publication bias and sensitivity analysis

	Discussion
	Summary of key findings
	Strengths and limitations
	Comparison of findings to previous studies
	Interpretation of findings
	Clinical and research implications

	Anchor 27
	Acknowledgements 
	References




