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Are prenatal anxiety or depression s

symptoms associated with asthma or atopic
diseases throughout the offspring’s
childhood? An updated systematic review
and meta-analysis

Shuguang Chen' and Sheng Chen?”

Abstract

Background: Asthma is the most common respiratory disease among children, while atopic diseases such as atopic
dermatitis affect about 20% of infants under 2 years of age. Studies suggested that these conditions might be related
to prenatal depression or anxiety. This study aimed to explore the association between prenatal mental disorders and
childhood asthma or atopic disease in a systematic review and meta-analysis.

Methods: PubMed, Embase, and the Cochrane Library were searched up to May 2020. The primary outcome was
childhood asthma and childhood atopic dermatitis. Random-effects models were used because of high heterogene-
ity indicated by *>50% and Q-test P<0.10.

Results: A total of 598 studies were initially identified, but nine studies met the inclusion criteria. Prenatal mental

disorder was associated with childhood asthma (n =6 studies; ES =1.146, 95%Cl: 1.054—1.245, P=0.001; I* = 93.5%,

Pheterogeneiry < 0.001) whereas no significant association was found for childhood atopic dermatitis (1 =4 studies;

ES=1211,95%Cl: 0.982-1.494, P=0.073; I* =78.5%, Pheterogeneiry < 0.001). Childhood asthma seems to be related
more to depression (n=1 study; ES=1.170, 95%Cl: 1.061-1.291, P=0.002) and anxiety/depression (n=4 studies;
ES=1.157,95%Cl: 1.050-1.275, P=0.073: > =95.3%, Pheterogemty <0.001).

Conclusion: This meta-analysis demonstrated that prenatal mental disorders increase the risk of childhood asthma.
We limited the included samples to pregnant women to investigate the association between prenatal psychological
factors and offspring’s physical health. Future studies should include large high-quality cohort studies to investigate
the behavioral, environmental, and genetic causes for this association.
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Background

In terms of the developmental origins of health and dis-

ease, there is evidence that adverse early-life exposure

associated with maternal psychiatric diseases can alter
*Correspondence: 562437300@qa.com the immune system and exacerbate the risk of asthma
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that seriously affects children’s physical and mental health,
as recognized by the World Health Organization [5, 6].
Recent studies have investigated the nature and mecha-
nism of disease at the earliest stage in the first few years
of life [7-9]. Psychological and emotional factors are con-
sidered to trigger the exacerbation of asthma, and emo-
tional stimulation has been proved to lead to the increase
of respiratory resistance in asthma [10]. AD, also called
atopic eczema, affects many children, especially infants
under 2 years old. Some studies showed that the preva-
lence of AD in children under 2 years old is as high as 20%
and reported a two- to three-fold increase in prevalence
in the last 30 years [11]. There is evidence for a causal link
between maternal mental disorder and AD, and a shared
genetic pathway contributes to this familial liability [12].

A meta-analysis of 41 studies carried out in 2019
revealed a significant influence of parental (irrespective of
maternal/paternal) mental diseases and childhood asthma
but no association with AD [13]. In the previous analysis,
multiple childhood physical disorders were investigated,
and asthma and AD were only two of them, and not all
included studies examined these two diseases together.
Besides, the meta-analysis examined parental mental dis-
orders, not exclusively the mothers, which could make
more sense biologically because of possible transplacen-
tal influence from the mother’s hormones [14, 15]. A new
study was published in 2019 and reported that maternal
mental disorders are not associated with offspring asthma,
whereas low job control might be a more relevant risk fac-
tor [16]. Although the association was significant, the odds
of environmental effects on the periods between delivery
and diagnosis of asthma or AD still cannot be ignored.

Therefore, it is still unclear whether childhood asthma
or AD is related to maternal mental diseases. We sought
to undertake an updated meta-analysis and systematic
review of all studies investigating the prenatal impact of
anxiety and depression on childhood asthma and AD.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were imple-
mented for this systematic review and meta-analysis [17].
We searched for relevant articles using the PICO prin-
ciple, followed by screening based on the inclusion and
exclusion criteria.

Eligibility criteria

We included observational studies that examined the
associations between prenatal mental diseases (depres-
sion and anxiety) and asthma and AD, with language lim-
ited to English. The participants were children and their
biological mothers who undertook an intentional study
with medical records access. The analysis was based
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on mothers with prenatal anxiety or depression (expo-
sure) vs. mothers without prenatal anxiety or depression
(non-exposure).

Search strategy

For this systematic review and meta-analysis, we
searched PubMed, Embase, and the Cochrane Library for
studies published up to May 2020 with language and arti-
cle type restriction. Supplementary Table 2 presents the
search strategies.

Data extraction

The data were extracted independently by two investiga-
tors. The study characteristics (authors, year of publica-
tion, country, study design, and sample size), treatment
parameters (exposure of the mother during pregnancy,
questionnaire for the diagnosis of exposure, age of chil-
dren when the study was taken, the outcome measure-
ment, the covariates, and the effect size were extracted
from the included studies. Disagreements were resolved
by discussion.

Data synthesis

In this meta-analysis, we extracted the adjusted odds
ratios (aOR) from each included study unless we deter-
mined any additional variables in the causal relation-
ship between exposure and outcome. If aOR were not
available, the crude ORs were extracted. When studies
showed multiple exposures with multiple impact sizes,
we reported only those exposures that the investigator
considered the most severe and chronic. When a study
reported multiple results separately, we extracted two
results for different analyses. When a study reported only
analyses of different asthma types, such as early or late-
onset transient asthma, we treated the effect size as two
independent outcomes. When a single study was avail-
able, the effect sizes of that study were presented.

Quality of the evidence

We assessed the cohort or case—control studies using the
Newcastle—Ottawa Scale (NOS) [18]. Quality assessment
was evaluated independently by two reviewers. The dis-
crepancies in the assessment were resolved through dis-
cussion until a consensus was reached.

Statistical analysis

STATA SE 14.0 (Stata Corp., College Station, Texas,
USA) was used for all analyses. The studies were
grouped by types of outcomes. The comparison
between results was employed effect and correspond-
ing 95% confidence interval (CI) for each group. We
used Cochran’s Q test and I? index to calculate statis-
tical heterogeneity, for which high heterogeneity was
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defined as I2>50% and P<0.10 in the Q-test [19]. A
random-effect model was chosen for high heterogene-
ity. P-values <0.05 were considered statistically signifi-
cant. We planned to conduct two sensitivity analyses,
including removing the poor-quality studies ranked by
determining the meta-analysis’s robustness, including
the estimated comparison between the type of expo-
sure, study design, and sample collection continent.
We did not estimate the potential publication bias with
funnel plots for sensitivity analysis because the number
of studies included in the meta-analysis was less than
10. For outcomes with less than 10 studies, the funnel
plots and Egger’s test could yield misleading results and
were not recommended [20].

Results

Study Selection

Figure 1 shows the study selection procedure and
the reasons for exclusion. A total of 598 studies were
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retrieved from PubMed (#=302), Embase (n=265),
and the Cochrane Library (n=31). After removing the
duplicates, 432 articles were examined. Ten articles were
excluded because of being notes/reports, 109 articles
were excluded because they were conference abstracts,
25 articles were excluded because of being reviews, and
15 articles were excluded because of the language. Then,
273 articles were left for full-text screening and 264 were
excluded because of being not accessible (n=10), study
aim/design (n=54), population (#=100), outcome
(n=28), intervention (#=63), and animal (#=9). No
additional records were identified through other sources.
Hence, nine observational studies entered our final
model [10, 12, 16, 21-26].

Characteristics of the included studies

Table 1 presents the included studies [10, 12, 16, 21-26].
There were four prospective cohort studies [7, 18-20],
four retrospective cohort studies [12, 16, 24, 25], and one

Records identified through database Additional records identified through
searching other sources
c (n =598) (n=0)
o PubMed: (n=302)
=]
S Embase: (n=265)
= Cochrane: (n=31)
S
=
)
S
- l )
) Records after duplicates remove
(n =166)
uEn Records excluded with
S reasons
g (n =159)
\ . (n=10)
Records screened R Note/report: (n=10);
(n =432) > Conference abstract:
__J (n=109);
Review: (n=25);
Language: (n=15);
—
> .
= Full-text articles or Full-text 'art|c[es excluded,
2 with reasons
i abstracts assessed for 260
i eligibility (n =264)
(n=273) Not accessible: (n=10);
Study aim/design: (n=54);
— Population: (n=100);
Outcome: (n=28);
Intervention: (n=63);
Animal: (n=9);
§ Studies included in
S qualitative synthesis
(%]
£ (n=9)
—
Fig. 1 Flow chart of the study selection
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case—control study [26]. Most studies were from Europe
[10, 12, 16, 21, 23, 26], and the others were from Amer-
ica [22, 24, 25]. The studies included 982,942 patients.
The studies investigated different exposures, including
depression, anxiety, depression or anxiety, mental health
service use, prenatal distress, and negative life events.
Studies were grouped into the categories according to
their outcomes: five for asthma [10, 12, 16, 21, 24], three
for AD [22, 23, 26], and one for asthma and AD [25]. To
ensure the reliability and quality control of this meta-
analysis, we scored each study using the NOS criteria,
and studies with more than 5 stars were included in the
meta-analysis. After evaluation, six studies scored 9 stars
[10, 12, 21, 23, 25, 26], and three studies scored 8 stars
[16, 22, 24] (Supplementary Table la). Letourneau et al.
[22] examined infants of only 18 months of age, and Liu
et al. [16] examined children when they were 0—6 years
of age; both studies examined their population before
the usual onset age for asthma and AD, possibly explain-
ing their lower quality, at least in part. Radhakrishnan
et al. defined exposure as any use of mental health ser-
vice, including a wide variety of mental illnesses besides
anxiety and depression [24].

Effect of prenatal depression on childhood asthma

Six studies (eight datasets) [10, 12, 16, 21, 24, 25] could
be included for the meta-analysis of prenatal depression
on childhood asthma. Compared with the non-exposure
group (maternal without depression), the results showed
that prenatal depression influenced childhood asthma
(ES=1.146, 95%CI: 1.054—1.245, P=0.001; I*=93.5%,
Py cterogeneity < 0-001) (Fig. 2A and Table 2).

Effect of prenatal depression on childhood AD

Four studies (eight datasets) [22, 23, 25, 26] could be
included for the meta-analysis of prenatal depres-
sion on childhood AD. The results indicated that there
was no statistically significant difference between the
non-exposure and exposure groups, which means that
prenatal depression may not influence childhood AD
(ES=1.211, 95%CIL: 0.982-1.494, P=0.073; 1>=78.5%,
<0.001) (Fig. 2B and Table 3).

Pheterogeneity

Subgroup analyses of childhood asthma

Only one study [10] examined the association between
prenatal anxiety and childhood asthma (ES=1.03,
95%CI: 0.86-1.23, P=0.746). Another study examined
prenatal depression and childhood asthma [21] and
reported a significant association (ES=1.17, 95%CI:
1.06-1.29, P=0.002). Four studies considered prenatal
depression or anxiety [12, 16, 24, 25] and a significant
association was observed (ES=1.16, 95%CI: 1.05-1.27,
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P=0.003; I*=95.3%,
Table 2).

There were two prospective studies [10, 21]
(ES=1.123, 95%CIL 1.000-1.262, P=0.051; *=33.2,
Pheterogeneity = 0-221) that showed a borderline possible
association between prenatal mental disorder and child-
hood asthma, whereas four retrospective studies [12, 16,
24, 25] indicated that childhood asthma was associated
with prenatal mental disorder (ES=1.157, 95%CI: 1.050—
1.275, P=0.003; =953, Pyoierogencity <0-001) (Fig. 3B
and Table 2). Four studies from Europe [10, 12, 16, 21]
showed that childhood asthma was associated with pre-
natal mental disorder (ES=1.106, 95%CIL: 1.001-1.221,
P=0.047; P=93.5, Py erogencity<0-001), but two stud-
ies from North America [24, 25] suggested the opposite
conclusion (ES=1.328, 95%CI: 0.989-1.784, P=0.059;
PP =88.7, Ppeerogencity = 0-003) (Fig. 3C and Table 2).

<0.001) (Fig. 3A and

Pheterogeneity

Subgroup analyses of childhood AD

Two studies [22, 23] indicated no association between
prenatal anxiety and childhood AD (ES=1.31, 95%CL:
0.58-2.96, P=0.523; ’=68, Pperogencity=0-044). Two
other studies [23, 26] demonstrated that there was no
significant association between prenatal depression and
childhood AD (ES=1.14, 95%CI: 0.85-1.53, P=0.391;
PP =84.3, Ppeterogencity < 0-001). One study [25] showed that
childhood AD was associated with prenatal depression or
anxiety (ES=1.27, 95%CI: 1.11-1.46, P=0.001) (Fig. 3D
and Table 3).

Two prospective studies [22, 23] (ES=1.329, 95%CI:
0.816-2.164, P=0.253; I’=72.1, Py terogencity=0-006) and
one case—control study [26] (ES=1.010, 95%CI: 0.824—
1.237, P=0.927; I’=75.5, Pyeqerogencity=0.043) showed no
association between prenatal mental disorder and child-
hood AD, whereas only one retrospective cohort study
[25] showed the opposite (ES=1.27, 95%CI: 1.11-1.46,
P=0391; =843, Pioerogenciy<0.001) (Fig. 3E and
Table 3).

Two studies from Europe [23, 26] (ES=1.144, 95%CI:
0.876-1494, P=0322% I’=803, Pperogencity<0.001)
and two studies from North America [22, 25]
(ES=1.607, 95%CIL: 0.795-3.248, P=0.187; I>=58.4,
Pheterogeneity = 0-121) suggested that there was no correla-
tion between childhood AD and prenatal mental disorder
(Fig. 3F and Table 2).

Sensitivity analyses

The sensitivity analyses indicated that publication bias
was not significant since no individual study affected
the observed result for childhood asthma (Supple-
mentary Fig. 1A) and childhood AD (Supplementary
Fig. 1B).
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Study % Study %

D ES (95% Cl) Weight D ES (95% Cl) Weight

Cookson, 2009 —*—‘:— 1.03 (0.86, 1.23) 8.84 Letourneau, 2017 —‘—‘% 278 (1.04,7.39) 3.77

Magnus, 2017 + 1.17 (1.06, 1.29) 12.37 Elbert, 2017a | —— 2.07(1.43,2.97) 13.05

Brew, 2018 : —— 1.44 (1.34,156) 13.29 Elbert, 2017b —_ 0.75(0.29, 0.97) 7.74

Liu, 2019a b 1.02(0.99, 1.06) 1457 Elbert, 2017¢ —_— 1.51(1.06, 2.16) 13.32

Liu, 2019b - i 1.04 (0.99, 1.08) 14.35 Elbert, 2017d —_— 0.43 (0.14, 1.32) 3.00

Liu, 2019¢ —— 0.99 (0.93, 1.05) 13.84 van der leek, 2020 —— 1.27 (1.11, 1.46) 19.80

Radhakrishnan,2018 :*- 1.16 (1.12, 1.20) 14.57 Hamann, 2018a e 1.12(0.97, 1.29) 19.66

van der leek, 2020 | ————> 1.57(1.29,1.91) 8.16 Hamann, 2018b B i 0.91(0.79, 1.05) 19.67

Overall (I-squared = 93.5%, p = 0.000) <> 1.15(1.05, 1.25) 100.00 Overall (I-squared = 78.5%, p = 0.000) <> 1.21(0.98, 1.49) 100.00
i i

NOTE: Weights are from random effects analysis : NOTE: Weights are from random effects analysisi

T T T

Without depression Depression

5
Without depression Depression

Fig. 2 A Forest plot of asthma. Children who were born to mothers with prenatal mental illness had increased odds of developing asthma. B. Forest
plot of AD. The impact of prenatal mental illness was not significant for childhood AD

Discussion

This study aimed to explore the association between
prenatal psychiatric disorders and childhood asthma or
atopic disease in a systematic review and meta-analysis
of nine studies. The results indicate that prenatal men-
tal disorders increase the risk of childhood asthma.

The strengths of this meta-analysis include the large
number of patients included. Besides, only maternal
exposure was considered. Indeed, even if a child shares
the genes from both parents, only the maternal intrau-
terine environment influences the child. Finally, only
studies on anxiety or depression and asthma or AD were
included, reducing heterogeneity. The focus of the previ-
ous meta-analysis was to explore the effects of parental
(both paternal and maternal) mental illnesses on chil-
dren’s physical health, revealing that prenatal mental
disorder contributes to poor fetal growth and further
suggesting the impact of maternal mental diseases dur-
ing pregnancy on children [13]. In the present meta-
analysis, attention was paid to the impact of maternal
mental health during pregnancy on offspring’s childhood

Table 2 Treatment vs. Control for Asthma

systemic autoimmune diseases. Even though the number
of included studies was different from the previous meta-
analysis [13], the included sample size that entered the
final analysis was similar and could explain the results’
consistency. Future studies should examine the paternal
and maternal mental diseases separately [27].
Nevertheless, this meta-analysis has limitations, and
the results must be weighed against these limitations. All
identified studies were observational and are therefore
subject to confounding bias. Moreover, there were sev-
eral retrospective studies. Factors such as selection bias,
recall bias, and information bias were inevitably inherent
in our analysis. Although we extracted the adjusted effect
sizes for analysis, the covariates of each model were dif-
ferent. Some studies may be subject to over-adjustment,
where analyses adjust for variables on the causal path-
way between the exposure and the outcome. Although
we actively tried to include unpublished research, all
the identified studies were from the published literature.
Therefore, it might well be that some positive findings are
the result of publication bias. Furthermore, some caveats

N ES (95%Cl) P I-square, % P (Heterogeneity)

Asthma 8 1.146(1.054,1 245) 0.001 935 <0.001

Anxiety 1.030(0.861,1.232) 0.746

Depression 1 1.170(1.061,1.291) 0.002

Anxiety/depression 6 1.157(1.050,1.275) 0.003 95.3 <0.001
Prospective cohort 2 1.123(1.000,1.262) 0.051 332 0.221
Retrospective cohort 6 1.157(1.050,1.275) 0.003 95.3 <0.001

Europe 6 1.106(1.001,1.221) 0.047 935 <0.001

North America 2 1.328(0.989,1 784) 0.059 88.7 0.003
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Table 3 Treatment vs. Control for AD
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N ES (95%Cl)

P I-square, % P (Heterogeneity)

AD
Anxiety

211(0.982,1.494
1.305(0.576,2.959
1.138(0.847,1.528

N W 0o

( )
( )
Depression ( )
Anxiety/depression 1 1.270(1.107,1457)
1.329(0.816,2.164)
( )
( )
( )
( )

w

Prospective cohort
Retrospective cohort 1 1.270(1.107,1.457

010(0.824,1.237
1.144(0.876,1.494
1.607(0.795,3.248

Case—control
Europe

NN

North America

0.073 785 <0.001
0.523 68 0.044
0.391 843 <0.001
0.001

0.253 72.1 0.006
0.001

0.927 755 0.043
0.322 80.3 <0.001
0.187 584 0.121

should be considered when interpreting the findings of
subgroup analysis of childhood asthma since only Cook-
son et al. [10] reported an association between prenatal
maternal anxiety and asthma, and another study by Mag-
nus et al. [21] examined an association between prenatal
maternal depression and childhood asthma.

Some studies have reported that anxiety/stress dur-
ing pregnancy can aggravate the activation of the hypo-
thalamic—pituitary—adrenal (HPA) axis, leading to the
release of cortisol, which the placenta cannot entirely

metabolize, and may even promote the release of placen-
tal glucocorticoids and crosses to the fetus, in which they
can influence the fetal brain development and may result
in airway inflammation and hyperresponsiveness [28, 29].
Maternal stress-induced changes in cortisol levels might
affect fetal immune regulation and TH2 lymphocyte
dominance by directly affecting cytokine production [14].
In human subjects, prenatal mental diseases were associ-
ated with changes in the inherent and adaptive immune
responses in infants’ umbilical cord blood at high risk for
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Fig.3 A Forest plot of asthma by type of exposure. The association between prenatal anxiety and childhood asthma was ambiguous. But clear
evidence for the link between prenatal depression, as well as anxiety/depression, with asthma. B. Forest plot of AD by type of exposure. C. Forest
plot of asthma by type of study design. A retrospective study concluded the significant association between prenatal mental illness and childhood
asthma, whereas a prospective cohort study stands reversely (P=0.051). D Forest plot of AD by type of study design. Only a retrospective cohort
study stands for a positive association between prenatal mental illness and childhood AD, whereas others not. E Forest plot of asthma by where the
sample was collected. F). Forest plot of AD by where the sample was collected
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atopic disease [15]. ,-adrenoreceptors [30] expressed
throughout the body were stimulated by the stress hor-
mone adrenaline [31, 32]. The investigators identified
that maternal mental diseases during pregnancy might
affect fetal growth, especially low-birth-weight infants
with smaller lungs and airways, leading to a high asthma
risk [33-35]. Given this wealth of possible mechanisms,
focusing on maternal mental disorder’s association dur-
ing pregnancy and childhood asthma is meaningful. Of
course, various genetic factors might be involved in the
fetal response to stress hormones [36] or might predis-
pose the child to asthma and AD [37]. These genetic fac-
tors should be explored in future studies.

The present study is a systematic review and meta-
analysis (which has not been previously prospectively
registered) on prenatal anxiety or depression symptoms
and childhood asthma or AD. In the nine studies’ final
analysis, the relationship between prenatal mental dis-
order and childhood asthma was statistically significant
compared with childhood AD. The present study results
are consistent with the previous meta-analysis [13], fur-
ther confirming that prenatal mental disorders are asso-
ciated with childhood asthma.

The association between prenatal maternal depres-
sion and childhood asthma seems more significant but
only included one study that met the criteria [21]. In
theory, prospective studies are more reliable than retro-
spective ones, but the associations were not significant
in the included prospective studies [10, 21]. The results
showed that asthma was significantly associated with
maternal preconception mental status in Europe [10, 12,
16, 21]. Although the combined overall aOR value was
statistically significant (P=0.001), the association was
not statistically significant for the North American stud-
ies (P=0.059) [24, 25]. More adequately designed large-
scale prospective studies are needed to provide a decisive
answer about the association between maternal prenatal
anxiety/depression and childhood asthma.

Although the results of this updated meta-analysis are
consistent with the previous one [13], we limited the
included studies to pregnant women to investigate the
association between prenatal psychological factors and
offspring’s physical health. Future research might deepen
our understanding of when and how these vulnerable
children are at risk of preventable illnesses. The results
also highlight the need for investments in the develop-
ment of prevention programs during pregnancy, target-
ing maternal mental health promotion. Future studies
should include large high-quality cohort studies to inves-
tigate the behavioral, environmental, and genetic causes
for this association.
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Conclusion

In conclusion, this meta-analysis supports that prenatal
mental disorders increase childhood asthma risk, whereas
no significant association was found for childhood AD.

Abbreviations
PRISMA: The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses; NOS: The Newcastle-Ottawa Scale; Cl: Confidence interval.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-021-03909-z.

Additional file 1: Supplementary Figure 1. A). Sensitivity analysis of
asthma. Sensitivity analysis suggested the results are robust. B). Sensitivity
analysis of AD.

Additional file 2: Supplementary Table 1a. NOS criteria for cohort
study. Supplementary Table 1b. NOS criteria for quality of case-control
study.

Additional file 3: Supplementary Table 2. Search terms and strategy.

Acknowledgements
Not applicable

Authors’ contributions

SGC: study design, data collection and analysis, statistical analysis, and manu-
script drafting; SC: study design and critical revision of the manuscript. All
authors have read and approved the manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Dermatology, Southwest Hospital, Third Military M, edical
University, Chongging, China. 2Department of Pediatrics, Southwest Hospital,
Third Military Medical University, Chongging 400030, China.

Received: 28 August 2020 Accepted: 28 May 2021
Published online: 22 June 2021

References

1. ChidaY, Hamer M, Steptoe A. A bidirectional relationship between
psychosocial factors and atopic disorders: a systematic review and meta-
analysis. Psychosom Med. 2008;70:102-16.


https://doi.org/10.1186/s12884-021-03909-z
https://doi.org/10.1186/s12884-021-03909-z

Chen and Chen BMC Pregnancy Childbirth (2021) 21:435

20.

Kozyrskyj AL, Mai XM, McGrath P, Hayglass KT, Becker AB, Macneil B.
Continued exposure to maternal distress in early life is associated with
an increased risk of childhood asthma. Am J Respir Crit Care Med.
2008;177:142-7.

Wright RJ. Epidemiology of stress and asthma: from constricting com-
munities and fragile families to epigenetics. Immunol Allergy Clin North
Am. 2011;31:19-39.

Bahreinian S, Ball GDC, Colman |, Becker AB, Kozyrskyj AL. Depression is
more common in girls with nonatopic asthma. Chest. 2011;140:1138-45.
Asher MI, Montefort S, Bjorkstén B, Lai CK, Strachan DP, Weiland SK,

et al. Worldwide time trends in the prevalence of symptoms of asthma,
allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases
One and Three repeat multicountry cross-sectional surveys. Lancet.
2006;368:733-43.

Organization WH: WHO strategy for prevention and control of chronic
respiratory diseases. 2002.

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 Medi-
cal Associates. N Engl J Med. 1995; 332:133-8.

Klinnert MD, Mrazek PJ, Mrazek DA. Early asthma onset: the interac-

tion between family stressors and adaptive parenting. Psychiatry.
1994,57:51-61.

Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ: Exposure to house-dust
mite allergen (Der p I) and the development of asthma in childhood. A
prospective study. N Engl J Med. 1990; 323:502-7.

Cookson H, Granell R, Joinson C, Ben-Shlomo Y, Henderson AJ. Mothers'
anxiety during pregnancy is associated with asthma in their children. J
Allergy Clin Immunol. 2009;123:847-53.e11.

. Strathie Page S, Weston S, Loh R. Atopic dermatitis in children. Aust Fam

Physician. 2016;45:293-6.

Brew BK, Lundholm C, Gong T, Larsson H, Almqvist C. The familial aggre-
gation of atopic diseases and depression or anxiety in children. Clin Exp
Allergy. 2018;48:703-11.

Pierce M, Hope HF, Kolade A, Gellatly J, Osam CS, Perchard R, et al. Effects
of parental mental illness on children’s physical health: systematic review
and meta-analysis. Br J Psychiatry. 2020;217:354-63.

von Hertzen LC. Maternal stress and T-cell differentiation of the develop-
ing immune system: possible implications for the development of
asthma and atopy. J Allergy Clin Immunol. 2002;109:923-8.

Wright RJ, Visness CM, Calatroni A, Grayson MH, Gold DR, Sandel MT,

et al. Prenatal maternal stress and cord blood innate and adaptive
cytokine responses in an inner-city cohort. Am J Respir Crit Care Med.
2010;182:25-33.

Liu X, Madsen KP, Sejbaek CS, Kolstad HA, Bonde JPE, Olsen J, et al. Risk
of childhood asthma following prenatal exposure to negative life events
and job stressors: A nationwide register-based study in Denmark. Scand J
Work Environ Health. 2019;45:174-82.

Moher D, Liberati A, Tetzlaff J, Altman D: Moher D, Liberati A, Tetzlaff J,
Altman DG, Group PPreferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med 6: e1000097. Open
medicine : a peer-reviewed, independent, open-access journal. 2009;
3:e123-30.

Lo CK, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing reviewers'to
authors’assessments. BMC Med Res Methodol. 2014;14:45.

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al:
Updated guidance for trusted systematic reviews: a new edition of the
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane
Database Syst Rev. 2019; 10:Ed000142.

Pustejovsky JE, Rodgers MA. Testing for funnel plot asymmetry of stand-
ardized mean differences. Res Synth Methods. 2019;10:57-71.

Page 10 of 10

21. Magnus MC, Wright RJ, Reysamb E, Parr CL, Karlstad &, Page CM, et al.
Association of Maternal Psychosocial Stress With Increased Risk of Asthma
Development in Offspring. Am J Epidemiol. 2018;187:1199-209.

22. Letourneau NL, Kozyrskyj AL, Cosic N, Ntanda HN, Anis L, Hart MJ, et al.
Maternal sensitivity and social support protect against childhood atopic
dermatitis. Allergy Asthma Clin Immunol. 2017;13:26.

23. Elbert NJ, Duijts L, den Dekker HT, de Jong NW, Nijsten TE, Jaddoe VW,
et al. Maternal psychiatric symptoms during pregnancy and risk of child-
hood atopic diseases. Clin Exp Allergy. 2017;47:509-19.

24. Radhakrishnan D, Shariff SZ, To T. The influence of prenatal mental health
service use on the incidence of childhood asthma: a population-based
cohort study. J Asthma. 2019;56:395-403.

25. van der Leek AP, Bahreinian S, Chartier M, Dahl ME, Azad MB, Brownell
MD, et al: Maternal Distress During Pregnancy and Recurrence in Early
Childhood Predicts Atopic Dermatitis and Asthma in Childhood. Chest.
2020.

26. Hamann CR, Egeberg A, Silverberg JI, Gislason G, Skov L, Thyssen JP.
Exploring the association between parental psychiatric disease and
childhood atopic dermatitis: a matched case-control study. J Eur Acad
Dermatol Venereol. 2019;33:725-34.

27. Smith GD. Assessing intrauterine influences on offspring health out-
comes: can epidemiological studies yield robust findings? Basic Clin
Pharmacol Toxicol. 2008;102:245-56.

28. O'Connor TG, Ben-Shlomo Y, Heron J, Golding J, Adams D, Glover V. Pre-
natal anxiety predicts individual differences in cortisol in pre-adolescent
children. Biol Psychiatry. 2005;58:211-7.

29. Pincus-Knackstedt MK, Joachim RA, Blois SM, Douglas AJ, Orsal AS, Klapp
BF, et al. Prenatal stress enhances susceptibility of murine adult offspring
toward airway inflammation. J Immunol. 2006;177:8484-92.

30. Hara MR, Kovacs JJ, Whalen EJ, Rajagopal S, Strachan RT, Grant W,
et al. A stress response pathway regulates DNA damage through
2-adrenoreceptors and B-arrestin-1. Nature. 2011;477:349-53.

31. Spasojevic N, Gavrilovic L, Dronjak S. Regulation of atrial catecholamine
enzymes and adrenoceptor gene expression after chronic stress. Acta
Physiol Hung. 2011,98:433-41.

32. Xiang L, Del Ben KS, Rehm KE, Marshall GD Jr. Effects of acute stress-
induced immunomodulation on TH1/TH2 cytokine and catecholamine
receptor expression in human peripheral blood cells. Neuropsychobiol-
ogy. 2012;65:12-9.

33. Henrichs J, Schenk JJ, Roza SJ, van den Berg MP, Schmidt HG, Steegers EA,
et al. Maternal psychological distress and fetal growth trajectories: the
Generation R Study. Psychol Med. 2010;40:633-43.

34. Sonnenschein-van der Voort AM, Jaddoe VW, Raat H, Moll HA, Hofman
A, de Jongste JC, et al: Fetal and infant growth and asthma symptoms in
preschool children: the Generation R Study. Am J Respir Crit Care Med.
2012;185:731-7.

35. Caudri D, Wijga A, Gehring U, Smit HA, Brunekreef B, Kerkhof M, et al.
Respiratory symptoms in the first 7 years of life and birth weight at term:
the PIAMA Birth Cohort. Am J Respir Crit Care Med. 2007;175:1078-85.

36. Davis EP, Sandman CA. The timing of prenatal exposure to maternal
cortisol and psychosocial stress is associated with human infant cognitive
development. Child Dev. 2010;81:131-48.

37. Kabesch M, Tost J. Recent findings in the genetics and epigenetics of
asthma and allergy. Semin Immunopathol. 2020;42:43-60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Are prenatal anxiety or depression symptoms associated with asthma or atopic diseases throughout the offspring’s childhood? An updated systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Eligibility criteria
	Search strategy
	Data extraction
	Data synthesis
	Quality of the evidence
	Statistical analysis

	Results
	Study Selection
	Characteristics of the included studies
	Effect of prenatal depression on childhood asthma
	Effect of prenatal depression on childhood AD
	Subgroup analyses of childhood asthma
	Subgroup analyses of childhood AD
	Sensitivity analyses

	Discussion
	Conclusion
	Acknowledgements
	References


