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Abstract
Following the “hygiene hypothesis” and the increase in the prevalence of atopic dis-
eases such as allergic rhinitis, a plethora of studies have investigated the role of sibship 
composition as a protective factor, but findings are conflicting. The aim of this study 
was to synthesize the global literature linking birth order and sibship size (number of 
siblings) to the risk of allergic rhinitis. Fifteen databases were systematically searched, 
with no restrictions on publication date or language. Observational studies with de-
fined sibship composition (birth order or sibship size) as exposure and allergic rhinitis 
or allergic rhinoconjunctivitis (self- reported or clinically diagnosed) as outcome were 
eligible.	Study	selection,	data	extraction,	and	quality	assessment	were	performed	in-
dependently in pairs. Relevant data were summarized in tables. Comparable numeri-
cal data were analyzed using meta- analysis with robust variance estimation (RVE). 
Seventy-	six	reports	with	>2 million	subjects	were	identified.	Being	second-		or	later-	
born child was associated with protection against both current (pooled risk ratio [RR] 
0.79, 95% CI 0.73– 0.86) and ever (RR 0.77, 95% CI 0.68– 0.88) allergic rhinitis. Having 
siblings, regardless of birth order, was associated with a decreased risk of current al-
lergic rhinitis (RR 0.89, 95% CI 0.83– 0.95) and allergic rhinoconjunctivitis (RR 0.92, 
95% CI 0.86– 0.98). These effects were unchanged across age, time period, and geo-
graphical regions. Our findings thus indicate that primarily, a higher birth order, and 
to a lesser extent the number of siblings, is associated with a lower risk of developing 
allergic rhinitis.
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1  |  INTRODUC TION

Allergic	 rhinitis	 is	 a	 chronic	 inflammatory	upper	airway	disease,1– 4 
mediated by immunoglobulin E (IgE) response to environmental al-
lergen exposure.2,3,5 Common symptoms are rhinorrhea, sneezing, 
and nasal itching and congestion, but ocular symptoms— particularly 
tearing, redness, and itching of the eyes— also co- occur frequently.6,7 
Although	not	a	fatal	disease,	allergic	rhinitis	can	pose	a	significant	
burden, negatively affecting sleep quality, mental health, work 
productivity, as well as overall quality of life.8– 10 Following a sharp 
increase in recent decades, allergic rhinitis is one of the most com-
mon noncommunicable diseases globally, both among children and 
adults.6,11– 13 Given this, a substantial number of studies have inves-
tigated potential risk factors for developing allergic rhinitis,14,15 but 
the etiology is not yet fully understood, as a large number of inter-
acting factors, such as genetics, epigenetics, lifestyle, and environ-
mental exposures, are at play.11

Sibship	 composition	 is	one	of	 the	most	 studied	early-	life	envi-
ronmental factors in allergic rhinitis, gaining widespread attention 
after reports of an inverse association between number of siblings— 
particularly	older	siblings—	and	atopic	diseases	by	Strachan	in	the	late	
1980s.16,17 However, subsequent studies have found conflicting re-
sults,18– 23 hampering a clear appreciation of the role of sibship com-
position in the etiology of allergic rhinitis. Given this important gap, 
we sought, through a systematic review, to synthesize the global lit-
erature on the association of birth order and sibship size (number of 
siblings) with the risk of allergic rhinitis. Furthermore, by considering 
the progressive improvement in societal hygiene and changes in life-
style, we assessed whether these transformations have influenced 
the hypothesized role of sibship composition in the development of 
allergic	rhinitis.	We	evaluated	this	 impact	by	stratifying	studies	by	
those published before and after the turn of the millennium, as well 
as	by	using	the	World	Bank's	classification	of	countries	by	income.

2  |  METHODS

We	undertook	this	work	following	a	protocol,	which	was	registered	
on the International prospective register of systematic reviews 
(PROSPERO;	CRD42020207905)	and	published24 prior to undertak-
ing the systematic review. The protocol was composed according 
to	the	Preferred	Reporting	Items	for	Systematic	Review	and	Meta-	
Analysis	 Protocols	 (PRISMA-	P)	 guidelines.25 The manuscript was 
reported	 following	 the	 Preferred	 Reporting	 Items	 for	 Systematic	
Reviews	and	Meta-	Analyses	(PRISMA)26 checklist (Table S1) and the 
Meta-	analysis	of	Observational	Studies	in	Epidemiology	(MOOSE)27 
reporting guidelines (Table S2).

2.1  |  Inclusion and exclusion criteria

Studies	meeting	the	following	criteria	were	eligible:

1.	 Study	design:	observational	studies	(cohort	studies,	case–	control	
studies, and cross- sectional studies)

2. Exposure: defined sibship composition (either birth order or sib-
ship size [number of siblings])

3. Outcome: allergic rhinitis or allergic rhinoconjunctivitis (either 
self- reported, including symptom- based definitions, or by means 
of clinical examination or medical records of diagnosis).

There were no restrictions regarding sample size or medical/so-
ciodemographic background of subjects.

2.2  |  Data sources and search strategy

We	 searched	 AMED,	 CABI,	 CINAHL,	 Embase,	 Google	 Scholar,	
OAIster,	 Open	 Access	 Theses	 and	 Dissertations,	 Open	 Gray,	
ProQuest	 Dissertations	 &	 Theses	 Global,	 PsycINFO,	 PubMed,	
SciELO,	Scopus,	Web	of	Science,	and	WHO	Global	 Index	Medicus	
from	 inception	to	the	date	of	search	 (30th	September	2020	and	a	
follow-	up	search	on	20th	October	2021).	When	searching	Google	
Scholar,	the	first	300	results	were	screened.28 Non- English articles 
were translated using Google Translate.29 Finally, we hand- searched 
reference lists in the included articles for additional relevant studies. 
Details of the search strategy are presented in Table S3.

2.3  |  Study selection and data extraction

All	records	obtained	from	the	databases	were	exported	to	EndNote	
X9	(Clarivate	Analytics,	2020),	where	de-	duplication	was	done	fol-
lowing	a	method	suggested	by	Bramer	et	al.30 Two reviewers inde-
pendently screened the retrieved records and assessed full- texts 
of	reports	that	potentially	met	the	exclusion	criteria.	Similarly,	data	
extraction was performed in pairs using an a priori developed and 
piloted	 data	 extraction	 form.	 After	 each	 step,	 the	 decisions	were	
unblinded,	 and	a	 third	 reviewer	 (BIN)	 arbitrated	any	differences	 if	
needed. From each included report, we extracted: first author; pub-
lication year; study design; source of subjects (e.g., from the general 
population or among pregnant women); number, age, and country 
of subjects; definition/assessment of exposure and outcome; point 
estimates; and 95% confidence intervals (CI).

Key Message

Results from the 76 studies included in this systematic 
review and meta- analysis of the global literature indicate 
that the presence of siblings, particularly older siblings, is 
associated with a lower risk of ever and current allergic rhi-
nitis. These effects remain stable across age, time period, 
and geographical regions.
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2.4  |  Quality assessment

Pairs of reviewers independently assessed the quality and risk of 
bias in the individual included reports, using the Effective Public 
Health Practice Project (EPHPP)31 tool with modifications based on 
a	systematic	review	by	Smith	et	al.32	Six	domains	(study	design,	se-
lection bias, confounding, blinding, data collection, and withdraw-
als/dropouts) were rated as” strong,” “moderate,” or “weak.” The 
overall rating was based on the number of “weak” domain ratings: 
“weak” if more than one, “moderate” if one, and “strong” if none 
of the domains were rated “weak.” Ratings were unblinded after 
completion.	Differences	were	arbitrated	by	a	third	reviewer	(BIN)	
if needed.

2.5  |  Data synthesis and statistical analysis

Key characteristics of the included studies were summarized in a 
descriptive table, and overall findings were narratively synthesized. 
Comparable numerical data— regarding exposure, outcome, and sub-
ject	 characteristics—	from	 ≥2	 separate	 studies33 were synthesized 
using random effects meta- analysis with robust variance estima-
tion (RVE).34 RVE methods provide a means to include dependent 
estimates— which were common in our data, as most studies tested 
for multiple cardinalities, for example, sibship sizes, against the same 
reference group— in a single model.34 The correlated effects model, 
small sample correction (for increased accuracy),35 and the default 
rho value (defining the within- study effect size correlation) of 0.8 
was used in the meta- analyses. The results from the meta- analyses 
were	presented	 in	 forest	 plots.	 Separate	meta-	analyses	were	per-
formed for each type of exposure (birth order and sibship size) in 
relation to: (a) current allergic rhinitis (in the last year), (b) ever al-
lergic rhinitis, (c) current allergic rhinoconjunctivitis (in the last year), 
and	(d)	ever	allergic	rhinoconjunctivitis.	Although	allergic	rhinitis	and	
allergic rhinoconjunctivitis are closely related and commonly co- 
occuring,36 we separated these outcomes, as allergic rhinoconjunc-
tivitis constitutes a more specific condition and an additional organ 
involvement. For birth order, being first- born was used as the refer-
ence	group.	Similarly,	being	the	only	child	was	used	as	the	reference	
group for sibship size. In cases of the reference group having a higher 
cardinality (e.g., sibship size <3	vs.	sibship	size	≥3),	we	calculated	the	
reciprocal of the point estimate and the lower and upper bounds of 
the 95% CI.

We	used	risk	 ratio	 (RR)	as	 the	measure	of	effect,	given	the	 in-
tuitive interpretation.37– 39 Data measured as prevalence ratio (PR) 
were used without conversion, as these are mathematically identical 
to RR,37 while odds ratio (OR) and hazard ratio (HR) data were con-
verted	to	RR	estimates	in	case	the	outcome	was	≥15%	(at	the	end	of	
follow- up) using the following formulae40:

Subgroup	analyses	were	performed	in	the	case	of	≥4	comparable	
studies	in	≥2	subgroups,41 to evaluate the consistency of the associa-
tions based on: (a) overall rating; (b) study design; (c) exposure cardinal-
ity (e.g., birth order 3); (d) year(s) of data collection, divided into <2000 
and	 ≥2000;	 (e)	 classification	 of	 country	 into	 “high-	income,”	 “upper-	
middle income,” “lower- middle income,” and “low income” economy, 
according	to	the	definition	by	the	World	Bank	at	the	year	the	article	
was published42;	(f)	age	of	subjects,	divided	into	≤12	and	≥13 years.43

Furthermore, we performed a sensitivity analysis to evaluate the 
robustness of our findings by re- running the meta- analyses after ex-
cluding: (a) studies where the outcome was not confirmed clinically 
(either by medical records or clinical assessment); (b) studies of “low” 
overall	rating.	We	also	performed	sensitivity	analysis	based	on	the	
rho value used in the meta- analyses, re- running the meta- analysis 
with rho ranging from 0 to 1 with 0.2 increments. The I- squared (I2) 
statistic was calculated to quantify the amount of heterogeneity be-
tween studies,44 and Tau- squared (τ2) was calculated to quantify the 
inter- study variance.45	Findings	from	meta-	analyses	with	Satterwhite	
degrees of freedom (df) <4 were considered unreliable.35

We	assessed	publication	bias	in	exposure-	outcome	pairs	with	≥10	
studies46 (a) visually, for signs of asymmetry in funnel plots; (b) with 
Egger's	regression	test47	and	Begg	and	Mazumdar	rank	correlation	
test,48 considering p < .05	 as	 statistically	 significant.	 Furthermore,	
we estimated the number of studies needed to normalize asymmet-
ric funnel plots with the trim- and- fill method.49

The R scripts and data used in our work can be found at Open 
Science	Framework	(https://osf.io/4ks29/). Details regarding utilized 
R	packages	can	be	found	in	Appendix	S1.

3  |  RESULTS

Out of 17,466 records identified from the database searches, 8819 
remained after de- duplication. These were screened by title and/or 
abstract, leaving 462 full- text reports that were assessed for eligibil-
ity.	After	full-	text	assessment,	in	total,	76	reports	based	on	66	stud-
ies were included in this work (Figure 1).

3.1  |  Study characteristics

Forty- nine reports were cross- sectional studies, 26 cohort studies, 
and one case– control study. Thirty studies were given an overall rat-
ing of “strong,” 34 “moderate,” and 12 “weak” (Figure S1).	Studies	with	
a “strong” rating were mostly published in recent years (Figure S2). In 
total, the data represented >2 million	individuals	across	70	countries	
(Figure S3).	 See	Table S4 for characteristics and details about the 
included reports.

3.2  |  Current allergic rhinitis

Current allergic rhinitis was assessed with meta- analysis in 24 
studies for birth order and 11 studies for sibship size (Figure 2; 

RR ≈

√

OR

RR ≈
1 − 0.5

√
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1 − 0.5
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Figure S4A,B). The pooled effect size indicated that birth order 
≥2	versus	1	was	 associated	with	21%	 lower	 risk	 (RR	0.79,	95%	CI	
0.73–	0.86)	and	sibship	size	≥2	versus	1	with	11%	lower	risk	(RR	0.89,	
95% CI 0.83– 0.95) of current allergic rhinitis. However, the effect 
was nonsignificant in most subgroup analyses for sibship size, while 
birth order was associated with a lower risk for both subjects older 
and	younger	than	12 years	(RR	0.79,	95%	CI	0.72–	0.87	and	RR	0.78,	
95% CI 0.66– 0.91, respectively), both before and after the turn of 
the millennium, as well as for all but one cardinality, with possibly a 
dose- dependent effect (Figure 5). Heterogeneity was high for birth 
order (I2 = 86.1%,	τ2 = 0.02)	and	moderate	for	sibship	size	(I2 = 73.7%,	
τ2 = 0.01).

3.3  |  Ever allergic rhinitis

Ever allergic rhinitis was assessed with meta- analysis in 13 studies 
for birth order and 7 studies for sibship size (Figure 3; Figure S5A,B).	
The	pooled	effect	size	indicated	that	birth	order	≥2	versus	1	was	as-
sociated with 23% lower risk of the outcome (RR 0.77, 95% CI 0.68– 
0.88).	A	possibly	dose-	dependent	effect	could	be	discerned	in	terms	
of cardinality, with all birth orders indicating protection. However, 
the	association	was	nonsignificant	for	subjects	aged	≥13 years.	The	
pooled	effect	size	was	nonsignificant	for	sibship	size	≥2	versus	1	(RR	
0.90, 95% CI 0.78– 1.03). Only one subgroup analysis (by cardinality) 
could be performed for sibship size, in which the associated risk of 
ever allergic rhinitis was 10% lower for sibship size 3 versus 1 and 4% 

lower for sibship size 2 versus 1 (Figure 3B). Heterogeneity was high 
for both birth order (I2 = 81.3%,	τ2 = 0.03)	and	sibship	size	(I2 = 92.0%,	
τ2 = 0.02).

3.4  |  Current allergic rhinoconjunctivitis

Current allergic rhinoconjunctivitis was assessed with meta- analysis 
in 8 studies for birth order and 5 studies for sibship size (Figure 4; 
Figure S6A,B).	The	pooled	effect	size	indicated	that	birth	order	≥2	
versus 1 was associated with 8% reduced risk of current allergic rhi-
noconjunctivitis	 (RR	0.92,	95%	CI	0.88–	0.98),	while	sibship	size	≥2	
versus 1 was borderline significantly associated with a 2% reduced 
risk of current allergic rhinoconjunctivitis (0.98, 95% CI 0.91– 1.05). 
None of the subgroup analyses demonstrated any significant as-
sociation. Heterogeneity was moderate for birth order (I2 = 67.4%,	
τ2 = 0.01)	and	low	for	sibship	size	(I2 = 17.9%,	τ2 = 0).

3.5  |  Ever allergic rhinoconjunctivitis

Ever allergic rhinoconjunctivitis was assessed with meta- analysis in 
2 studies (Figure 5) for birth order and 1 report50 for sibship size. The 
overall	pooled	effect	size	indicated	that	birth	order	≥2	versus	1	was	
associated with 21% lower risk of the outcome (RR 0.79, 95% CI 0.7– 
0.9).	Similarly,	the	report	investigating	sibship	size	as	exposure	found	
a protective effect from the presence of siblings.50

F I G U R E  1 Preferred	Reporting	Items	for	Systematic	Reviews	and	Meta-	Analyses	(PRISMA)	flow	diagram.
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    |  5 of 11LISIK et al.

F I G U R E  2 Forest	plot	for	birth	order	≥2	versus	1	(A)	and	sibship	size	≥2	versus	1	(B)	in	relation	to	current	(in	last	year)	allergic	rhinitis.	df,	
Satterwhite	degrees	of	freedom;	I2, I- squared; 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); RR (95% CI), risk ratio (95% confidence interval); τ2, Tau- squared.
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3.6  |  Publication bias and sensitivity analysis

While	 the	 p-	value	 for	 Egger's	 regression	 test	 indicated	 asym-
metry for birth order on current allergic rhinitis, sibship size on 
current allergic rhinitis, and birth order on ever allergic rhinitis, 
Begg	and	Mazumdar	 rank	correlation	 test	was	nonsignificant	 for	
all (Table S6). Modest right- side asymmetry could be discerned for 
birth order on current allergic rhinitis and sibship size on current 
allergic rhinitis in funnel plots (Figure S7A,B).	 Although	 publica-
tion bias cannot be totally excluded, it is unlikely to have affected 
the results notably, given the overall distribution of results at 
the center, including many high- precision studies (Figure S8). 
Sensitivity	analysis	indicated	that	the	results	were	robust	concern-
ing study quality, with estimates and 95% CIs of pooled effect sizes 
practically unaffected by the exclusion of “weak”- rated reports. 
When	 performing	 meta-	analysis	 only	 on	 studies	 with	 clinically	

assessed outcomes, however, the 95% CIs were substantially wider 
than those around the overall pooled effect sizes (Table S7). The 
value of rho did not notably affect the pooled effect size estimates 
or 95% CIs (Table S8).

4  |  DISCUSSION

4.1  |  Summary of key findings

This comprehensive synthesis of the global literature identified a sig-
nificantly decreased risk of allergic rhinitis (both current and ever) in 
the	presence	of	older	siblings.	While	the	number	of	siblings	demon-
strated a similar effect, the association was weaker for ever allergic 
rhinitis. For both birth order and number of siblings, the association 
was also weaker for allergic rhinoconjunctivitis, although birth order 

F I G U R E  3 Forest	plot	for	birth	order	≥2	versus	1	(A)	and	sibship	size	≥2	versus	1	(B)	in	relation	to	ever	allergic	rhinitis.	df,	Satterwhite	
degrees of freedom; I2, I- squared; 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); RR (95% CI), risk ratio (95% confidence interval). τ2, Tau- squared.
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    |  7 of 11LISIK et al.

remained a protective factor. There were not enough studies to as-
sess whether the associations varied between countries of different 
World	Bank	economic	classification,	but	the	effect	appeared	to	be	
comparable between studies from before and after the turn of the 
millennium.

4.2  |  Strengths and limitations

The exhaustive search of 15 databases, without restrictions on the 
definition or assessment method of the outcome, allowed for a com-
prehensive synthesis of the global literature, as well as assessment 
of the association by various socio- economic, symptomatic, and 
diagnostic aspects. Furthermore, the vast amount of data enabled 
us	to	perform	precise	meta-	analyses.	Although	several	of	the	effect	
estimates were correlated, the use of RVE, a robust approach for 
undertaking a meta- analysis of correlated effect estimates, enabled 

us to overcome any issue of multi- collinearity between the effect 
estimates. However, a number of limitations must also be noted. The 
breadth of studies was associated with substantial heterogeneity, 
reducing the number of studies eligible for meta- analysis and the 
generalizability of findings. This includes insufficient data to assess 
the association with allergic rhinitis/rhinoconjunctivitis in the pres-
ence	of	allergen-	specific	IgE	(sIgE)	or	positive	skin	prick	test	(SPT).	
As	most	studies	were	undertaken	in	high-	income	countries,	we	were	
unable	to	do	subgroup	analysis	by	this	metric.	Similarly,	the	impact	
of sex,51 urbanization,52 and other factors that have been reported 
to affect the risk and prevalence of the investigated outcomes could 
not	be	stratified	in	the	present	study.	Although	only	handful	studies	
were written in languages other than English, the method under-
taken in the present study of translation through Google Translate 
is associated with the risk of mistranslation and misinterpretation.29 
The observational design of the included studies, particularly stud-
ies with a cross- sectional design, is limited for causal inference. 

F I G U R E  4 Forest	plot	for	birth	order	≥2	versus	1	(A)	and	sibship	size	≥2	versus	1	(B)	in	relation	to	current	(in	last	year)	allergic	
rhinoconjunctivitis.	df,	Satterwhite	degrees	of	freedom;	I2, I- squared; 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); RR (95% CI), risk ratio (95% confidence interval); τ2, Tau- squared.

F I G U R E  5 Forest	plot	for	birth	order	≥2	versus	1	in	relation	to	ever	allergic	rhinoconjunctivitis.	df,	Satterwhite	degrees	of	freedom;	I2, 
I- squared; 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); RR (95% CI), risk ratio (95% confidence interval); τ2— Tau- squared.
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Inadequate collection and adjustment of all potential confounding 
factors, especially in older studies,53,54 and given that a substantial 
number of the studies used self- reported disease as outcome, the 
clinical validity and precision of outcome assessment may have been 
suboptimal.55

4.3  |  Comparison of findings to previous studies

To the best of our knowledge, our work is the first systematic review 
of the association between birth order and sibship size and risk of 
allergic rhinitis.

4.4  |  Interpretation of findings

Both	birth	order	and	sibship	size	were	inversely	associated	with	the	
risk of allergic rhinitis. However, having older siblings specifically 
constituted a stronger protection, particularly for lifetime prevalence 
of disease, and in allergic rhinitis with ocular involvement. There was 
some indication that the protection increases with the number of 
(older) siblings, but the higher cardinalities had inadequate number 
of studies to make a clear assessment. In the light of the “hygiene 
hypothesis,” the association with birth order may be explained by 
older siblings having more outdoor activities from which they can 
transmit infections to younger siblings at home.17,56 Children at-
tending daycare are exposed to similar cross- infection and have also 
been reported to have a lower risk of allergic rhinitis,57– 59 further 
indicating that microbial environment during early childhood influ-
ences immune development and subsequent risk of allergic diseases. 
It is also possible, however, that other types of exposures, behaviors, 
or even immunological in utero interactions associated with specific 
birth order positions may contribute or be the driving factor(s),60,61 
and to this date, none of the investigated underlying mechanistic 
factors have emerged as a robust explanation for the effect of sib-
ship composition.62

The weaker association of birth order and sibship size with al-
lergic rhinoconjunctivitis may be because of increased recall bias 
and misinterpretation, given the more specified symptom definition. 
Another	possible	explanation	 is	 that	ocular	 symptoms,	while	com-
monly co- occurring with nasal symptoms, are not affected as much 
in those sensitized to certain allergens such as house dust mite, for 
which substantial regional differences in exposure have been re-
ported.63– 65 Regarding the wide 95% CIs in the sensitivity analysis 
using only clinically confirmed outcomes rendering these associa-
tions nonsignificant, the explanation could be that the number of 
studies	with	such	assessment	methods	was	 too	 low.	Although	the	
majority of included studies indicated a protective association with 
(older) siblings, some studies reported no significant association or 
increased	risk.	Statistical	power	may	explain	part	of	the	discrepancy.	
Of 12 studies with <1000 subjects, more than half reported no asso-
ciation	or	increased	risk.	Similarly,	cases	of	allergic	rhinitis	may	have	
been less accurately defined and/or identified in the studies that did 

not show a decreased risk, as indicated in the meta- analysis on birth 
order and current allergic rhinitis, for which the 95% CI widened in 
a linear fashion in studies rated from “strong” to “weak,” with the 
pooled estimate from the “weak” studies indicating a nonsignificant 
association. Interestingly, sibship composition does not appear to 
have the same effect on the development of asthma,66,67 suggesting 
differing underlying pathophysiological mechanisms.68

4.5  |  Clinical and research implications

While	the	findings	from	this	systematic	review	support	the	“hygiene	
hypothesis”— namely that early infectious burden, such as cross- 
infection between siblings, contribute to changes in the immune 
system that reduce the risk of allergic diseases69— in the context of 
allergic rhinitis, previous reviews report that results are more mixed 
for asthma.17 Thus, our work highlights the heterogeneity and com-
plexity in pathophysiology of these diseases,70 and can potentially 
be used as a stepping- stone in elucidating their underlying patho-
physiological mechanisms.

5  |  CONCLUSION

Our findings indicate that having siblings is associated with a de-
creased risk of current allergic rhinitis. The association is particularly 
strong for the presence of older siblings, in both current and lifetime 
prevalence of allergic rhinitis, as well as allergic rhinoconjunctivitis. 
The effect of older siblings remained similar between pre-  and post-
pubertal age and has not notably changed since the turn of the mil-
lennium. Furthermore, the protection appears to be stronger with a 
higher number of older siblings.
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