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Abstract

Background: Clinical and preclinical evidence indicate that in utero maternal
asthma exposure increases progeny asthma risk. Whether maternal asthma also in-
creases the risks of progeny allergy is unclear.

Objectives: To synthesise the available evidence on the relationship between in utero
exposure to maternal asthma and postnatal asthma, wheezing and allergic diseases
(Prospero: CRD42020201538).

Search Strategy: We systematically searched MEDLINE [PubMed], Embase [Ovid],
Web of Science, Informit Health, the Cochrane Library, CINAHL [EBSCOhost],
MedNar [Deep Web Technologies], ProQuest Theses and Dissertations, Scopus
[Elsevier] and Trove, to the end of 2023.

Selection Criteria: Studies reporting asthma, wheeze and/or allergic disease in prog-
eny of women with and without asthma or with asthma classified by control, exac-
erbation or severity.

Data Collection and Analysis: Double screening, selection, data extraction and
quality assessment were performed, using Joanna Briggs Institute (JBI) scoring.
Main Results: Of 134 non-overlapping studies, 127 were included in 21 meta-analysis.
Maternal asthma ever was associated with greater risks of asthma (65 studies, risk
ratio [95% confidence interval] 1.76 [1.57-1.96]), wheeze (35 studies, 1.59 [1.52-1.66]),
food allergy (5 studies, 1.32 [1.23-1.40]), allergic rhinitis (7 studies, 1.18 [1.06-1.31])
and allergic dermatitis (14 studies, 1.17 [1.11-1.23]) ever in progeny. Asthma during
the pregnancy, more severe, and uncontrolled maternal asthma were each associated
with greater risks of progeny asthma.

Conclusions: Children of mothers with asthma are at increased risk for the develop-
ment of allergic diseases. Whether improved maternal asthma control reduces risks
of child allergy as well as asthma requires further investigation.
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1 | INTRODUCTION

Asthma is the most common respiratory condition affect-
ing pregnancy.' Prevalence is variable and increasing, e.g.
USA: 3.2% (1994-1998) versus 3.7%-8.4% (1997-2001),
and Australia: 12% (1995-1996)° versus 17.1% (2008-
2019).* In addition to increased risks of pregnancy and
neonatal complications,”® maternal asthma is associ-
ated with poor childhood respiratory health, including
~10% lower lung function,” and ~3-fold increased risk
of asthma.® Maternal asthma also increases the risks of
some allergic diseases in progeny; with an 11% higher risk
of atopic dermatitis (AD), but similar risk of allergic rhi-
nitis (AR), in one large study.” However, the impacts of
maternal asthma on child allergic diseases have not been
systematically evaluated.

The impacts of maternal asthma on progeny outcomes
are not solely genetic, with evidence for an in utero envi-
ronmental contribution. In a meta-analysis of human stud-
ies, the association between maternal and child asthma
was stronger than that between paternal and child asthma
(OR 3.04 vs. 2.44, p=0.037).® Furthermore, studies in
mice provide direct evidence for in utero programming
of asthma and allergy susceptibility by experimental ma-
ternal asthma.'™'? Risks of asthma and allergy may also
be impacted by maternal asthma phenotype, given lower
risks of asthma in children of mothers with less severe or
better controlled asthma during pregnancy than in those
whose mothers had severe or uncontrolled asthma.>'*
Furthermore, asthma exacerbation requiring medical
intervention, which occurs in 2.5%-36.3% of pregnant
women with asthma,'” is associated with 23% higher odds
of childhood asthma by 5 years.'® The impacts of maternal
asthma severity and control during pregnancy on progeny
wheeze, asthma and allergy have not been systematically
evaluated.

The primary aims of this systematic review were there-
fore to assess the relationships between maternal asthma
and risks of wheezing, asthma and allergic diseases in prog-
eny. Our secondary aims were to investigate the impact of
asthma loss of control, asthma severity and asthma exacer-
bation during pregnancy on risks of wheezing, asthma and
allergy in progeny.

2 | METHODS
2.1 | Protocol, registration, patient
involvement and funding

We developed, published'” and registered a detailed proto-
col with the International Prospective Register of Systematic
Reviews  (PROSPERO;  www.crd.york.ac.uk/prospero/
Reference CRD42020201538) before commencing this re-
view. Patients were not involved in the development of this
research and the study had no specific funding.

2.2 | Search strategy

Our searches were performed according to protocol."”
Initial limited searching of Medline (PubMed) and Web of
Science identified articles on the topic, from which we de-
rived keywords and index terms. We used these to develop
the final search for MEDLINE (PubMed) in consultation
with the University Librarian (Table S1). This syntax was
adapted to conduct similar searches in Embase (Ovid), Web
of Science, Informit Health, the Cochrane Library, CINAHL
(EBSCOhost), MedNar (Deep Web Technologies), ProQuest
Theses and Dissertations, Scopus (Elsevier) and Trove
(Appendix S1). We included studies published on paper or
online until the end of 2023. We then searched reference lists
of all included sources and relevant reviews and added iden-
tified additional sources directly for full-text screening.

2.3 | Study inclusion and exclusion

Any two of the authors independently screened each source,
with disagreements decided by consensus in discussion with
>1 other author. Publications were included for full-text
screening if they were: of human subjects, primary sources,
published in English, with a title/abstract including asthma,
wheeze, an allergic disease or synonym as an outcome and
a title/abstract mentioning pregnancy or delivery exposures
(e.g. smoking during pregnancy, gestational age) or mater-
nal asthma. Relevant studies were assessed at full-text and
included for data extraction if they: were not duplicates; met
the abstract criteria; were full text (not conference abstracts);
were not articles reporting only trial protocols; reported out-
comes analysed by exposures of interest; included relevant
comparator groups; reported maternal asthma diagnosed
by a physician or using clinically-accepted criteria; reported
asthma, wheeze and/or allergic disease in progeny of any age
diagnosed by a physician or using clinically-accepted crite-
ria, such as The International Study of Asthma and Allergies
in Childhood (ISAAC) questionnaires; and where the full
text article was able to be accessed.

2.4 | Quality assessment

Studies included for data extraction were assessed inde-
pendently by two review authors for methodological qual-
ity using standardised critical appraisal instruments from
the Joanna Briggs Institute; disagreements were resolved
through discussion with additional author/s (Table S5: co-
hort studies; Table S6: case-control studies; Table S7: cross-
sectional studies).’® Quality of covariate measurement
or statistical analysis was noted as “adequate” if the study
measured or adjusted for the following four factors most
critical for asthma and allergy outcomes (Figure S1): ma-
ternal smoking in pregnancy, other maternal allergic dis-
ease, paternal allergic disease and tobacco smoke exposure
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at age of outcome assessment.'” ' We reported these qual-

ity appraisal questions as “yes” where the study measured/
adjusted for the four critical factors plus at least four of the
following important factors (Figure S1): child sex, child age,
maternal age, born/living in a rural area, environmental/
passive tobacco smoke during pregnancy, parent income/
SES, ethnicity/race and parity/birth order/siblings. We as-
sessed questions on follow-up rates and strategies as not ap-
plicable for data linkage studies.

2.5 | Data extraction

Independent double data extraction'” was performed using
author-designed fields in Covidence (Covidence systematic
review software, Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org). Discrepancies
were resolved through consensus. Maternal asthma dur-
ing the index pregnancy (when the progeny were in utero)
was reported as the exposure in only a small proportion of
studies. Because asthma is a chronic disease,” we therefore
included all studies where mothers had ever had appropri-
ately diagnosed asthma, and recorded whether the exposure
to maternal asthma was during the index pregnancy or ever
(previous history or during a period that included times out-
side pregnancy). Before data synthesis, we excluded studies
with actual or potential overlap of subjects and outcomes,
based on cohort, region and birth years, removing 45 stud-
ies from the systematic review (Table S1); others were able to
be retained for sub-analyses only. Where the same outcomes
were reported in identical cohorts, we retained the earliest
publication, and where cohorts overlapped we retained the
study reporting a larger sample size or more relevant ex-
posures. Key characteristics and results of included studies
comparing progeny of women with and without asthma and
progeny of women with measures of asthma control/sever-
ity during pregnancy are described in Tables S2 and S3,
respectively.

2.6 | Statistical analysis

Our primary aim was addressed by comparison of progeny of
mothers with and without asthma. To address the secondary
aim, we extracted information on asthma control, asthma
severity, active versus inactive asthma and the occurrence of
asthma exacerbations during pregnancy. Data from all stud-
ies was included in the meta-analysis regardless of quality
assessment. Where available, confounder-adjusted data were
used in the meta-analysis. Risk ratios were extracted directly
from individual studies where available, or calculated from
available information. As planned,” separate analysis of
progeny outcomes at different ages were conducted where
>4 studies reported an outcome of interest at 0-2, 2-5,
5-10 or >10years of age. Our search identified studies re-
porting the effects of maternal asthma on different wheeze
trajectories and we therefore conducted posthoc analyses
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with these wheeze trajectories as outcomes. Appendix SI:
Supplementary methods provide additional details on sta-
tistical analyses. All analyses were performed in Stata (v17;
StataCorp, College Station, Tex).

3 | RESULTS

Of the 21 083 unique articles identified from our search, 137
were included in the narrative review, with 128 included in
meta-analyses (Figure S2). Only 23 studies contained infor-
mation on maternal asthma during the index pregnancy.
We identified 15 studies containing information on the se-
verity or control of maternal asthma, with six included in
meta-analyses.

3.1 | Asthma

Eighty-six non-overlapping studies reported asthma in the
progeny of mothers with and without asthma, with 84 of
these able to be included in >1 meta-analysis of this associa-
tion (Figure S2), and the remaining studies summarised in
Appendix S1: supplementary results. The estimated pooled
risk of ever asthma was 1.76-fold higher in progeny of mothers
with asthma compared to progeny of mothers without asthma
(65 studies; RR 1.76;95% CI 1.57-1.96; p < 0.001; I*=99.5%,95%
CI 95.5%-99.8%; 7* =0.1648; Figure 1). The distribution of var-
iance around the estimated effect size suggested small study
effects and high between-study heterogeneity (Figure S3A).
We explored potential reasons for high heterogeneity in sub-
group analyses. There was no significant effect of study de-
sign ( ){22): 0.70, p=0.706), or outcome prevalence ( )(?2): 3.32,
p= 0.195), and substantial unexplained heterogeneity remained
within all subgroups (Table S7). Although the effects of ma-
ternal asthma on progeny asthma differed between studies
reporting unadjusted or adjusted effect estimates ( )(21 =6.18,
p=0.013), substantial heterogeneity remained within each
subgroup (Table S7). Maternal asthma ever was similarly as-
sociated with increased risks of current asthma in progeny at
2-5,5-10 and >10years of age (Figure S3B-D).

Sixteen studies reported asthma outcomes in children of
mothers with and without asthma during the index preg-
nancy. In a pooled analysis, the risk of ever asthma was 1.71-
fold higher in progeny of mothers with asthma compared to
progeny of mothers without asthma during pregnancy (16
studies; RR 1.71; 95% CI 1.58-1.85; p<0.001; *=92.1%, 95%
CI 17.8%-97.3%; 7°=0.0125; Figure 2).

3.2 | Wheeze

Forty-one non-overlapping studies reported wheezing in prog-
eny of mothers with and without asthma, with 40 included
in meta-analyses of this association (Figure S2), the other is
summarised in Appendix Sl: supplementary results. Meta-
analysis of effects of pregnancy-specific maternal asthma


http://www.covidence.org

An International Journal of

ROFF ET AL.

1048 BjOG

Obstetrics and Gynaecology

Asthma ever

Study Risk ratio (95% Cl) Weight (%)
Abbott 2013 18 (0.81, 5.90 0.77
Ahmad 2021b* s 1.71
Algert 2011 3 1.76
Al-Mousawi 2004 s 1.36
Arshad 2005 s 1.35
Beckett 1996 N 1.88
Birnkrant 2006 — , 1.95
Bloom 2021* — ; 196
Brabin 1994 ) 1.32
Calvani 2004 s 1.80
Celedon 2003 X
Chen 1990 3
Clougherty 2007 s
Davidson 2010 s
Debley 2005* )
Dik 2004 s
Dong 2009 )
Dumas 2016 — X
Dumas 2022 —_— )
Escobar 2010 3

Garcia-Garcia 2020

Gerlich 2018*
Getahun 2010

Gray 2000
Hansen 2000
Hallit 2017
Held 2000*

Hughes 1999*

1lli 2001

Joseph 2009
Kallan 2013*
opp 2017

__Kiopp
Kotaniemi-Syrjanen 2002
Kozyrskyj 2007
Laitinen 1998
Lavigne 2018
Loewen 2018
London 2001

Mansbach 2023
Martel 2009b
Metsala 2008

Millar 1998
Mirzakhani 2019¢c*
Oddy 2002

Oliveti 1996

Pedersen 2023
Pennington 2018a
Radhakrishnan 2013
Radhakrishnan 2019
Rosenquist 2023a*
Rothers 2018
Spiegel 2018
Sternthal 2010

Tanaka 2020

s 2022
Venter 2021

Wang 2001
Wang 2021

Wang 2023b + -
Wang 2023a* : -

Wright 2001 :
u 2019 -
Yavuz 2018
Zeiger 1995
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FIGURE 1

2.5 4 7

Meta-analysis of the relationship between maternal asthma and risk of asthma ever in progeny. Risk ratios and 95% CIs are relative to

progeny of mothers without asthma. *Indicates studies where the exposure was maternal asthma status during the index pregnancy.

was not possible as only two studies reported this exposure
(Table $3).>*** In a pooled analysis, the risk of ever wheeze was
1.59-fold higher in progeny of mothers with asthma compared
to progeny of mothers without asthma (36 studies; RR 1.59,
95% CI 1.52-1.66; p<0.001; I*=16.3%, 95% CI 0.0%—46.6%;
7%=0.0020; Figure 3). Inspection of the funnel plot did not
suggest any ‘small study effects’, which may reflect reporting
biases (Figure S4A). Maternal asthma was associated with in-
creased risks of current wheeze at 0-2, 2-5, 5-10 and >10years
of age (Figure S4B-E) and of transient, intermediate/late-
onset and persistent wheeze in progeny (Figure S5A-C).

3.3 | Food allergy/anaphylaxis

Five studies reported food allergy (FA) in children of
mothers with and without asthma; none reported asthma
during the index pregnancy as the exposure (Figure S2).

Four of these studies evaluated allergies to a range of
foods from birth to early or mid-childhood,”** whereas
the fifth eligible study assessed infant peanut allergy.*® In
a pooled analysis, risk of ever FA was 1.32-fold higher in
progeny of mothers with asthma compared to progeny of
mothers without asthma (5 studies; RR 1.32, 95% CI 1.23-
1.40; p=0.02; I*=0.0%, 95% CI 0.0%-56.6%; 7°=0.0000;
Figure 4A). The OR of epinephrine prescription by 7 years
old, excluding children with a diagnosed venom allergy
and reflecting more severe FA, was also higher in children
of women with asthma than in children of women without
asthma (OR 1.54, 95% CI 1.12-2.11).”

3.4 | Allergic rhinitis/hayfever

Seven non-overlapping studies reported AR in 0-24-year-old
progeny of mothers with and without asthma (Figure S2).
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Asthma ever
(maternal asthma during index pregnancy)
Study Risk ratio (95% Cl) Weight (%)
Ahmad 2021* 1.58 (1.27, 2.35) 434
Bloom 2021* - - 1.32(1.26, 1.38) 12.44
Brunst 2017* 2.00 (1.41,2.82) 3.69
Debley 2005* 1.67 (0.88, 3.21) 1.32
Gerlich 2018* - 1.18 (0.36, 3.71) 0.44
Halonen 1999* - 3.70 (2.33, 5.88) 2.37
Held 2000* - 2.80 (1.55, 5.07) 1.55
Hughes 1999* - 1.43 (0.61, 3.35) 0.80
Kallan 2013* - 1.61 (1.26, 2.07) 5.67
Kang 2009* 1.65 (1.14, 2.39) 3.34
Liu 2018a* - . 1.74 (1.71,1.78) 12.86
Mirzakhani 2019¢* - 1.52 (1.02, 2.25) 3.07
Montgomery 2013* - - 1.58 (1.51, 1.66) 12.43
Mulder 2016* —a— 2.03 (1.84, 2.24) 10.76
Rosenquist 2023a* - - 1.92 (1.81, 2.03) 12.16
Wang 2023a* . 1.61 (1.56, 1.65) 12.76
Overall 1 =92.1%, 72=0.0125 S 2 1.71 (1.58, 1.85)
Test of 0=0, z=13.372, p < 0.001

0.25 0.5 1

Risk ratios

2.5

FIGURE 2 Meta-analysis of the relationship between maternal asthma during the index pregnancy and risk of asthma ever in progeny. RR (95%
CI), RRs and 95% ClIs relative to progeny of mothers without asthma. *Indicates studies where the exposure was maternal asthma status during the index

pregnancy.

Meta-analysis of effects of pregnancy-specific maternal
asthma exposure was not possible as only two studies re-
ported this exposure (Table $3).>**° In a pooled analysis,
the risk of ever AR was 1.18-fold higher in progeny of moth-
ers with asthma compared to progeny of mothers without
asthma (7 studies; RR 1.18, 95% CI 1.06-1.31; p=0.002;
I*=68.8%, 95% CI 0.0%-89.8%; 7°=0.0095; Figure 4B).

3.5 | Allergic dermatitis/eczema

Fifteen non-overlapping studies reported AD in progeny
of mothers with and without asthma, with 14 of these in-
cluded in meta-analyses of this association (Figure S2).
A narrative summary of the remaining study is provided
in Appendix S1: supplementary results. Meta-analysis of
effects of pregnancy-specific maternal asthma was not
possible as only two studies reported on this exposure
(Table $3).*** In a pooled analysis, the risk of ever AD/
eczema was 1.17-fold higher in progeny of mothers with
asthma compared to progeny of mothers without asthma
(14 studies; RR 1.17, 95% CI 1.11-1.23; p <0.001; I*=41.4%,
95% CI 0.0%-74.2%; 7°=0.0023; Figure 4C). Visual in-
spection of the funnel plot did not suggest the presence of
so-called ‘small study effects’ (Figure S6A). The associa-
tion between maternal asthma and current AD in progeny

at 0-2years of age was not significant, albeit in only four
small studies (Figure S6B).

3.6 | Severity and control of asthma
during pregnancy
3.6.1 | Asthma severity

Six studies reported progeny asthma analysed by the sever-
ity of maternal asthma, in populations from Denmark,'**
United Kingdom,” United States™ and Canada®"
(Table S4). We included only the larger™ of two studies of an
overlapping Canadian cohort®'? in our meta-analysis. In a
pooled analysis, the risk of ever asthma was 1.23-fold higher
in progeny of mothers with moderate-severe asthma com-
pared to progeny of mothers with mild asthma (five stud-
ies; RR 1.23; 95% CI 1.12-1.35; p<0.001; *=63.9%, 95% CI
0.0%—-88.4%; 7°=0.0062; Figure 5A).

There was insufficient evidence to conduct meta-analyses
of the relationships between maternal asthma severity and
our other outcomes of interest. In a follow-up of women
in the Danish Managing Asthma in Pregnancy study, the
likelihood of AD by 12years of age did not differ between
children of mothers with moderate-severe compared to
mild asthma (N=571, OR 0.77, 95% CI 0.49-1.20).** A much
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Wheeze ever

Study Risk ratio (95% Cl) Weight (% )
Ahmad 2021b* - 1.22 (0.85, 1.75) 1.34
Arshad 2005 - 1.44 (0.90, 2.31) 0.81
Belgrave 2013 - —— 1.45 (1.27, 1.65) 7.40
Celedon 2003 - 1.43 (0.77, 2.68) 0.46
Chen 1999 - 1.79 (1.13, 2.80) 0.87
Dai 2021 A —— 1.52 (1.36, 1.71) 8.81
Dom 2009 - 1.60 (0.77, 3.33) 0.34
Dong 2009 - 2.09 (1.28, 3.44) 0.73
Erkkola 2012 - g —_— 1 76 (1.49, 2.07) 5.37
Escobar 2013 - § - .86 (1.73, 2.00) 14.55
Fernandes 2018 - ; 1 61 (0.98, 2.68) 0.71
Fujino 2021 - ; - 1.63 (1.57, 1.69) 20.87
Garcia-Garcia 2020 - : 1.70 (0.84, 3.40) 0.37
Gent 2002 - Em— 1.32(1.13, 1.55) 5.75
Gerlich 2018* - 1.55 (0.80, 2.98) 0.42
Gold 1999 - 1.47 (1.02, 2.11) 1.34
Hermann 2005 - 1.48 (0.98, 2.27) 1.01
Higgins 2021 - —_— 1.56 (1.26, 1.92) 3.56
i 2001 - 3.09 (1.18, 8.09) 0.20
Kawamoto 2020 - 0.85(0.27, 2.73) 0.14
Keski-Nisula 2010 - 2.65(0.99, 7.12) 0.19
Lefevre 2011 - e 1.55 (1. 24, 1.92) 3.34
Mansbach 2023 - 1.82(1.38, 2.40) 2.20
Mirzakhani 2019a - 1.44 (1.12,1.83) 272
Patel 2012 - 1.57 (1.13, 2.18) 1.61
Reichman 2008 - 1.50 (1. 04, 2.18) 1.27
Reyes 2011 - 1.49 (1.00, 2.24) 1.08
Tanaka 2020 - 1.87 (1.18, 2.95) 0.85
Scherman 2017 - 1.49 (1.10, 2.03) 1.84
Schoos 2020 - 1.45(0.97, 2.18) 1.07
Stein 1999 - 1.73 (1.16, 2.59) 1.10
Tse 2016 (boys) - 1.39 (0.99, 1.94) 1.55
Tse 2016 (girls) - 1.34 (0.97, 1.86) 1.61
Us 2022 - 99 (0.38, 2.56) 0.20
Venter 2021 - —_— 43 (1.14,1.78) 3.20
Yuan 2003 4 2_4a 20, 2o .94 (1.30, 2.88) 1.13
Overall |/ ~16:3%. 7'=0.0020 1 59 (1.52, 1.66)
Test of 6=0, z=21.080, p < 0.001
0.25 0.5 1 25 4 7
Risk ratios

FIGURE 3

Meta-analysis of the relationship between maternal asthma and risk of wheezing ever in progeny. Risk ratios and 95% Cls are relative to

progeny of mothers without asthma. *Indicates studies where the exposure was maternal asthma status during the index pregnancy.

larger Canadian study (N =_8226) reported no differences in
rates of AD and AR in progeny of women with moderate—
severe asthma or mild-uncontrolled asthma compared to
progeny of women with mild-controlled asthma (Table $4).°
No studies reported FA outcomes according to maternal
asthma severity.

3.6.2 | Asthma control

Only four studies were included in meta-analysis of the relation-
ship between maternal asthma control and asthma in progeny
(Table S4) after excluding data on progeny asthma from Martel
and co-authors’ that reported on a cohort that overlapped with
the included study.”® In a pooled analysis, risk of ever asthma
was 1.15-fold higher in progeny of women with uncontrolled

asthma compared to progeny of women with controlled asthma
(four studies; RR 1.15; 95% CI 1.07-1.23; p<0.001; F=29.6%,
95% CI 0.0%-78.6%; 7°=0.0015; Figure 5B).

There was insufficient evidence to conduct meta-
analysis of the relationships between maternal asthma
control and our other outcomes of interest. In a Danish
cohort, the likelihood of AD by 12years old did not differ
between children of mothers with uncontrolled and con-
trolled asthma during pregnancy (N=571, OR 1.41, 95%
CI 0.86-2.05).>* Martel and co-authors found no differ-
ences in aHR for AD and AR between children of women
with uncontrolled and controlled mild asthma during
pregnancy, but did not split outcomes for women with
moderate-severe asthma according to asthma control.’
No studies reported FA outcomes according to maternal
asthma control.
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(A) Food allergy ever
Study Risk ratio (95% Cl) Weight (%)
DesRoches 2010 - 1.18 (0.92, 1.51) 6.96
Liem 2007 - _— 1.66 (1.16, 2.39) 3.17
Saito-Abe 2022 - . 1.32 (1.23, 1.41) 88.94
Tarig 1998 - 1.11 (0.40, 3.09) 0.39
Venter 2021 - : 0.89 (0.37, 2.18) 0.53
Overall 2.4 09, 2=0.0000 . * 1.32(1.23, 1.40)
Test of 0=0, z=8.349, p < 0.001 _ .
0.25 0.5 1 25
Risk ratios
B Allergic rhinitis/hayfever ever
Study Risk ratio (95% Cl) Weight (% )
Erkkola 2012 - 1.79 (1.40, 2.31) 10.98
Gerlich 2018* : 1.27 (0.72, 2.24) 3.02
Lee 2023 - N | 1.14 (1.10,1.17) 29.08
Martel 2009¢ A - 1.03 (0.94, 1.14) 23.98
Richards 2020* - + 1.08 (0.96, 1.22) 21.53
Tariq 1998 - 1.70 (0.84, 3.40) 2.08
Venter 2021 - —_— 1.24 (0.93, 1.64) 9.34
Overall 1 ?=68.8%, 7=0.0095 - - 1.18 (1.06, 1.31)
Test of §=0,7=3.039, p = 0.002 .
0.25 0.5 1 25
Risk ratios
(© Allergic dermatitis/eczema ever
Study Risk ratio (95% Cl) Weight (% )
Berth-Jones 1997 - : 0.93 (0.31, 2.84) 0.23
Chang 2023 - ‘m 1.12(1.10, 1.14) 29.87
Drucker 2019 - R 1.27 (1.16, 1.40) 15.95
Gerlich 2018* - : 1.10 (0.57, 2.09) 0.65
Kim 2012 - 1.76 (0.48, 6.39) 0.17
Kurukulaaratchy 2003 - 1.47 (0.82, 2.62) 0.82
Kurzius-Spencer 2005 - 1.33 (0.91, 1.94) 1.85
Li 2021 - 1.28 (0.88, 1.88) 1.84
Litonjua 1998 : 0.84 (0.44, 1.53) 0.70
Martel 2009¢ - - 1.08 (1.01, 1.14) 2253
Nakamura 2000 - : 1.09 (0.73, 1.61) 1.72
Rehbinder 2020 - : 1.03 (0.65, 1.63) 1.28
van der Leek 2020 - - 1.24 (1.13, 1.35) 16.60
Venter 2021 A P 1.40 (1.14,1.70) 5.80
Overall - ?=41.4%, T%=0.0023 2 1.17 (1.11, 1.23)
Test of =0, z|=5.785, p< 0.:001 .

0.25 0.5 1 25 4

Risk ratios
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FIGURE 4 Meta-analysis of the relationship between maternal asthma and risk of (A) FA ever (B) AR ever and (C) AD ever in progeny. Risk ratios

and 95% Cls are relative to progeny of mothers without asthma. *Indicates studies where the exposure was maternal asthma status during the index

pregnancy.
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(A) Asthma ever
(moderate-severe maternal asthma cf. mild maternal asthma)
Study Risk ratio (95% Cl) Weight (%)
Ali 2021* A : 0.87 (0.53, 1.43) 3.39
Bloom 2021* - - 1.13 (1.03, 1.24) 28.48
Collier 2013* - - 1.80 (1.33, 2.43) 8.06
Liu 2018b* - = 1.23 (1.14, 1.32) 31.02
Martel 2009a* - - 1.25 (1.15, 1.37) 29.06
Overall 1 ’=63.9%, 7°=0.0062 2 2 1.23 (1.18, 1.35)
Test of =0, 74238, p < @.001 . . .
0.25 0.5 1 25 4 7
Risk ratios
(B) Asthma ever
(uncontrolled maternal asthma cf. controlled maternal asthma)
Study Risk ratio (95% CI) Weight (% )
Ali 2021* - —_— 1.00 (0.64, 1.57) 2.32
Liu 2018b* - ‘| 1.12 (1.05, 1.19) 50.42
Martel 2009a* - . | 1.17 (1.09, 1.26) 44.32
Mirzakhani 2019c* — 1.64 (1.10, 2.45) 2.32
Overall - P=296%, °=0.0015  : @ 1.15 (1.07, 1.23)
Test of =0, 7=3.945, p < (;:.001 ' . .
0.25 0.5 1 25 4 7
Risk ratios

FIGURE 5 (A) Meta-analysis of the relationship between asthma severity during the index pregnancy and risk of asthma ever in progeny. RR (95%
CI), RRs and 95% ClIs are for progeny of mothers with moderate—severe asthma relative to progeny of mothers with mild asthma. (B) Meta-analysis of
the relationship between maternal asthma control during the index pregnancy and risk of asthma ever in progeny. RR (95% CI), RRs and 95% ClIs are for
progeny of mothers with uncontrolled asthma relative to progeny of mothers with controlled asthma. *Indicates studies where the exposure was maternal
asthma status during the index pregnancy.

3.6.3 | Exacerbations and active versus inactive the chronic nature of asthma.”* Uncontrolled and more se-

asthma during pregnancy vere maternal asthma during the index pregnancy were also
associated with increased risk of progeny asthma. There was

There was insufficient data to conduct meta-analysis of ef- insufficient evidence to assess impacts of maternal asthma

fects of asthma exacerbations or of active or inactive asthma  control and severity on progeny wheeze or allergic disease,

during pregnancy, on any outcomes of interest (Appendix S1: nor of asthma exacerbations or inactive vs. active asthma

supplementary results and Table S4). during pregnancy.

4 | DISCUSSION 4.2 | Strengths and limitations

4.1 | Main findings Strengths of this review include extensive coverage of liter-

ature, through searching multiple databases and reference
This systematic review and meta-analysis strengthen the  lists of included papers and reviews. Most studies were of
evidence that maternal asthma is associated with increased ~ high quality'®; we did not exclude any studies from analysis
risks of asthma in progeny and demonstrates that maternal ~ on the basis of study quality. Populations of women with
asthma is also associated with increased risk of wheeze and ~ and without asthma were comparable in most studies.
multiple allergic diseases (food allergy [FA], atopic dermati- Only including studies in which maternal asthma was di-
tis [AD] and allergic rhinitis [AR]) in progeny. Associations  agnosed medically or by validated criteria, ensured the va-
between maternal asthma and risks of progeny asthma were  lidity and consistency of the exposure measure. Similarly,
similar when the exposure was maternal asthma during the =~ assessments of the progeny outcomes were of high quality
index pregnancy or as a history of asthma, consistent with ~ across all studies; diagnosis of allergic diseases and asthma
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were restricted to medical diagnosis or validated instru-
ments such as ISAAC survey questions.”> We did not ac-
cept parent- or self-report of asthma or allergy without
clinical diagnosis as a valid outcome, as parent reports of
ever asthma or wheeze are only moderately correlated with
equivalent medical diagnoses.”® The main limitation to
quality, in >95% of studies, was the lack of statistical ad-
justment for clinically important predictors of progeny al-
lergy and asthma.'”*! Where possible, we recommend that
future studies collect information on pregnancy exposures
as well as paternal asthma and allergy in order to reduce
confounding and improve precision of effect estimates. We
were somewhat surprised by how few studies measured
asthma during the index pregnancy, preventing analysis
of effects of this exposure on progeny risks of wheeze and
allergic diseases. Similarly, there was insufficient evidence
to allow meta-analysis of associations between maternal
asthma control and severity on risks of wheeze and allergic
diseases in progeny. Follow-up of progeny in cohorts where
maternal asthma control has been closely monitored dur-
ing pregnancy, or where interventions to improve maternal
asthma control in pregnancy have been tested, will be im-
portant to fill these gaps in knowledge.

4.3 | Interpretation

An interesting finding of our primary analyses is that the
magnitudes of risks associated with maternal asthma ever
were much stronger for progeny wheeze and asthma than
for the allergic diseases of FA, AD and AR. This might sug-
gest that maternal asthma impacts non-immune mecha-
nisms that increase risks of asthma and wheeze only, as
well as immune mechanisms that increase risks of asthma
and allergy (expanded in Appendix S1: supplementary dis-
cussion). Poorer lung function in children whose mothers
have asthma,” and perturbed lung development in fetuses
of asthmatic dams in preclinical studies, are consistent
with direct effects of in utero asthma exposure on lung
development.’’

Theassociation between maternal asthma everand asthma
ever in progeny was highly heterogenous (I* =99.7%), and re-
mained high in subgroup analyses based on study design,
statistical adjustment and asthma prevalence. The reasons
for the variable associations between maternal and progeny
asthma are therefore not entirely clear, although differing
impacts of maternal asthma on different progeny asthma
phenotype and severity may contribute. Ascertainment of
progeny asthma varied between studies, including parent
report of doctor-diagnosed asthma,® direct medical assess-
ment,* child hospitalisation for asthma,*” review of medical
records for individual cohorts,*’ and whole-of-population
data linkage of birth, population and medical/prescription
records.*? Population incidence of asthma was highly vari-
able (1.1%-40.0%), likely reflecting study differences in pop-
ulation susceptibility to asthma and the asthma definition
used.

2 OG An International Journal of 1053
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If better maternal asthma control during pregnancy in-
deed reduces risk of progeny asthma, as our secondary anal-
yses suggest, then programs that target improved pregnancy
management of asthma might improve long-term progeny
health as well as reduce risks of pregnancy complications.
We acknowledge that a limitation of our analyses is that the
associations between uncontrolled or severe asthma and
progeny asthma may reflect genetic or environmental fac-
tors in addition to the in utero exposure to maternal asthma.
For example, women who smoke during pregnancy are more
likely to experience recurrent uncontrolled asthma than
women who do not smoke,” and prenatal exposure to to-
bacco smoke is also associated with increased risk of child-
hood wheeze and asthma."” Nevertheless, direct evidence
that better maternal asthma control during pregnancy re-
duces child asthma risk is now available from the Growing
Into Asthma study,** a follow-up to the Managing Asthma
in Pregnancy cohort.”” In this study, children of women
randomised to the Fractional Exhaled Nitric Oxide (FENO)-
guided asthma management group, who had better mater-
nal asthma control, were at lower risk of developing asthma
at 4-6years old (aOR 0.39, 95% CI 0.16-0.94, p=0.035).**
Maternal use of inhaled corticosteroids during pregnancy,
probably a marker of better asthma management rather
than asthma severity, was also associated with lower risks
of child asthma.** Together, these results suggest that im-
proved management of maternal asthma during pregnancy
will reduce the risks of asthma in progeny. A lack of available
evidence currently prevents any conclusions about effects of
improved maternal asthma control during pregnancy on
risk of allergic disease in progeny.

5 | CONCLUSION

This meta-analysis adds to existing literature identifying
maternal asthma as a risk factor for progeny asthma® and
demonstrates that maternal asthma is also a risk factor for
progeny allergic disease. Importantly, the current meta-
analysis, along with recent RCT outcomes,** suggests that
improved asthma control during pregnancy may reduce
inter-generational transmission of asthma, and this should
be a priority in asthma prevention programs. Our find-
ings further identify children of mothers with asthma as a
high-risk group who should be prioritised for surveillance to
allow early management of any emerging allergies. Children
of mothers with asthma may also be a priority target popula-
tion for postnatal interventions that reduce allergic disease
risk.
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