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Summary

Background: Prenatal maternal stress may influence offspring’s atopic risk through

sustained cortisol secretion resulting from activation of the hypothalamic-pituitary

axis (HPA), leading to Th2-biased cell differentiation in the foetus. We undertook

a systematic review and meta-analysis investigating the relationship between

prenatal maternal psychosocial stress and risk of asthma and allergy in the

offspring.

Methods: We searched 11 electronic databases from 1960 to 2016, searched the

grey literature and contacted experts in the field. Type of stress indicator included

mood disorders, anxiety, exposure to violence, bereavement and socio-economic

problems occurring during pregnancy, both objectively and subjectively measured.

We included all possible asthma and IgE-mediated allergy outcomes. We conducted

random-effects meta-analyses to synthesize the data.

Results: We identified 9779 papers of which 30 studies (enrolling >6 million partici-

pants) satisfied inclusion criteria. The quality of 25 studies was moderate, 4 were

strong, and one was weak. Maternal exposure to any type of stressors was associ-

ated with an increased risk of offspring atopic eczema/dermatitis (OR 1.34, 95% CI

1.22-1.47), allergic rhinitis (OR 1.30, 95% CI 1.04-1.62), wheeze (OR 1.34, 95% CI

1.16-1.54) and asthma (OR 1.15, 95% CI 1.04-1.27). Exposure to anxiety and

depression had strongest effect compared to other stressors. Exposure during the

third trimester had the greatest impact compared to first and second trimesters. The

increased risk was stronger for early-onset and persistent than for late-onset
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wheeze. Bereavement of a child (HR 1.28, 95% CI 1.10-1.48) or a spouse (HR 1.40,

95% CI 1.03-1.90) increased the risk of offspring asthma.

Conclusions: Exposure to prenatal maternal psychosocial stress was associated with

increased risk, albeit modestly, of asthma and allergy in the offspring. The pro-

nounced risk during the third trimester may represent cumulative stress exposure

throughout pregnancy rather than trimester-specific effect. Our findings may repre-

sent a causal effect or a result of inherent biases in studies, particularly residual

confounding.
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1 | INTRODUCTION

The susceptibility to develop asthma and allergy may be established

already in utero.1-4 The concept of foetal programming has provided

important insights on the influence of the intrauterine environment

on the development of the foetus and subsequent5 risk of chronic

conditions later in life.6 As adaptive immunity develops prenatally,

allergen-specific immune responses are demonstrable in new-

borns2,3,7 with umbilical cord blood shown to contain foetally

derived immunoglobulin E (IgE).1,3

One suggested pathway through which prenatal maternal stress

may influence the risk of asthma and allergy in the offspring is

through the activation of the hypothalamic-pituitary axis (HPA) in

response to external stress.8,9 This then causes secretion of hor-

mones by the hypothalamus and pituitary gland in the brain and sub-

sequent stimulation of the release of glucocorticoids, adrenaline and

noradrenaline.8-10 The release of glucocorticoids leads to increases in

cortisol levels.8,9 The activities of the HPA and the resultant chemi-

cal reactions can be transmitted to the foetus and thus influences

development.6,11 High levels of cortisol increase airway responsive-

ness in the offspring and potentiate cell differentiation from T helper

cell type 1 (Th1) to T helper cell type 2 (Th2) phenotypes.12 Mater-

nal stress can also lead to a decrease in the glutathione/glutathione

disulphide (GSSG) ratio, leading to oxidative stress and subsequent

risk of asthma in the offspring.8,9

Several epidemiologic studies investigating indicators of prenatal

maternal psychosocial stress on the risk of asthma and allergy in the

offspring show that maternal exposure to stress may increase the

risk of asthma and allergy in the offspring. Although 2 recent sys-

tematic reviews summarized existing studies,13,14 a comprehensive

synthesis of the underlying evidence is lacking. In the first review,

only wheeze and asthma outcomes were considered.13 Although the

second review included the full spectrum of allergy outcomes, the

searches were confined to a limited number of databases and only a

narrative synthesis was performed.14 Since the publication of these

reviews, there have been a number of additional studies published.

To provide a clearer and comprehensive picture of the underlying

evidence, we undertook a systematic review with meta-analysis of

studies that have investigated the association between prenatal

maternal exposure to psychosocial stress and the risk of asthma and

allergy in the offspring. We included the full spectrum of asthma and

allergy outcomes and were also interested in understanding whether

the type of indicator of prenatal psychosocial stress and timing (tri-

mester) of exposure were important.

2 | METHODS

We published15 and registered in PROSPERO (registration number:

2016:CRD42016036456) the protocol for the review prior to com-

mencement of the systematic review, which outlined the approaches

to undertaking the review.

2.1 | Study types

Experimental studies (ie, randomized controlled trials, quasi-rando-

mized controlled trials, controlled clinical trials, controlled before-

and-after studies and interrupted time-series designs) and analytical

epidemiological studies (cohort, case-control and cross-sectional

studies) were eligible for inclusion. We excluded reviews, case stud-

ies, case series and animal studies.

2.2 | Participants

Pregnant women and their offspring of any age.

2.3 | Exposure

We included all indicators of psychosocial stress, mood states, and

acute or chronic stressors or negative life events (NLEs), including

anxiety and depression, issues with existing children, exposure to

violence, discrimination or prejudice, financial problems, residential

move or housing issues, daily stressors or generalized psychological

distress, bereavement, natural disasters, separation, divorce or mari-

tal problems, involuntary job loss for mother or partner, and home-

lessness. We included studies with either objectively measured or

subjectively reported measures of the stress events.
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2.4 | Outcomes

Primary outcomes were as follows: asthma, atopic dermatitis/

eczema, atopic sensitization, food allergy, allergic rhinitis, urticaria

and anaphylaxis. All primary outcomes, with the exception of atopic

sensitization, were defined either by physician assessment or by the

self-report. Additionally, asthma diagnosis through use of airway

function tests including peak expiratory flow [PEF], forced expiratory

volume in 1 second [FEV1], forced vital capacity [FVC], forced expi-

ratory flow rate or alternative age appropriate pulmonary function

tests [oscillometry or exhaled nitric oxide analysis] were also

accepted methods of assessment. Secondary outcomes included the

following: asthma exacerbations, use of asthma medications, hospi-

talization for asthma, wheeze as defined by self-report or physician

diagnosis, and measures of health-related quality of life (HRQoL).

2.5 | Study identification

We searched the following databases from 1960 to the end of

2016: MEDLINE, EMBASE, Cochrane Library, Web of Science, Sco-

pus, Global Health and Cab International; WHO Global Library; and

Psyc INFO, CINAHL, AHMED, National Health Service (NHS) Evi-

dence Health Information Resources and Google Scholar. The follow-

ing databases for international conference proceedings were also

searched: Conference Proceedings Citation Index via Web of Knowl-

edge and Zetoc via British Library. Reference lists of eligible articles

were hand checked for additional citations. International experts in

the field were contacted to ask for any relevant studies not captured

through our database searches. We also searched the grey literature

through Open Grey and The Grey Literature Report. Finally, the fol-

lowing registers were searched to locate ongoing studies: The

Cochrane Central Register of Controlled Trials, International Stan-

dardized Randomized Control Trial Number Registry, WHO Interna-

tional Clinical Trials Registry Platform, ClinicalTrials.gov, Australian

and New Zealand Clinic Trials Registry, and Current Controlled Tri-

als. There was no language restriction. The search strategies were

published in our systematic review protocol.15

2.6 | Study selection

Records retrieved from the databases were exported to Endnote for

study screening, deduplication and overall management of the

retrieved records. Study titles and abstracts were independently

screened by 2 reviewers (CF and BN); any discrepancies were

resolved by discussion. The same process was employed for full-text

screening. Multiple reports based on the same study were reported

as 1 study. Where data or information was missing from any study,

we contacted authors requesting additional information.

2.7 | Data extraction and management

A standardized form was developed and used to extract relevant

data from each study. The data extraction form was piloted and

revised prior to use in the review and was published alongside the

protocol for this study.15 Data extraction was completed indepen-

dently by 2 reviewers (CF and BN), and discrepancies were resolved

by discussion.

2.8 | Quality assessment

All included studies were assessed for quality and risk of bias by 2

independent reviewers (CF and BN) using the Effective Public

Health Practice Project (EPHPP) tool (http://www.ephpp.ca/tools.

html). In addition to a global rating for each study, the EPHPP tool

provides individual ratings for 6 domains of study quality, including

appropriateness of study design for the research question, selection

bias, exposure assessment, outcome assessment, data analysis and

generalizability of findings. The 2 reviewers graded the quality of

each study with regard to each of these domains. The quality grad-

ing derived from each of the domains informed an overall grading

for each study. For each study, the grading for the domains individ-

ually and the global study rating were assigned one of the 3 cate-

gories of risk of bias: weak, moderate, or strong. Concerning the

domain on confounder adjustment, we considered the number and

type of potential confounders adjusted in the studies, with close

attention to the confounding factors listed in our own causal dia-

gram (Figure S1).

2.9 | Analysis

We tabulated the features and key findings of the studies to provide

a descriptive summary of the literature. We employed both narrative

and quantitative syntheses of the underlying evidence. The quantita-

tive synthesis (meta-analysis) was undertaken for studies judged to

be reasonably homogenous with regard to similarity in the clinical,

methodological and statistical aspects. We used the random-effects

meta-analysis approach for this purpose and included the adjusted

risk estimates from each study. We included only cohort studies in

the meta-analyses and not cross-sectional and case-control studies.

Studies reporting odds ratios as effect measures were first converted

to risk ratios before combining in meta-analyses with studies report-

ing risk ratios. Conversion of odds ratios to risk ratios was under-

taken using the formulae by Grant, which is given as follows: RR =

OR/(1-p0 + (p0 9 OR)); where p0 is the baseline risk.16 We quanti-

fied heterogeneity between studies using the I-squared test. We per-

formed the following stratified analyses for each outcome: by type

of stress indicator and timing (trimester) of exposure during preg-

nancy. To enhance comparability between studies that categorized

any of the exposures as binary, we collapsed estimates from expo-

sure categories in studies that used multiple exposure categories

using the Mantel-Haenszel approach;17 thus, in all analyses we esti-

mated the risk of maternal stress vs no stress: we estimated the role

of maternal exposure to any type of stress indicator (ie, any of the

studied stressors—anxiety, depression, bereavement, work-related

stress or NLEs), specific stress indicators and trimester of exposure

in relation to the outcomes. We used funnel plots to evaluate the
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potential for publication bias and small study effects and calculated

the Begg and Egger’s test for this purpose.18 Meta-analysis was

undertaken using Stata 14 statistical software.

3 | RESULTS

In total, we identified 9779 articles, of which 7110 were included

for screening by title and/or abstract after deduplication. Of these,

7001 were excluded for not meeting the inclusion criteria and 109

articles were assessed for full-text screening. A further 77 articles

were excluded, leaving 32 articles (based on 30 studies) that met our

inclusion criteria for narrative synthesis; 24 papers (based on 22

studies) were included in at least one meta-analysis (Figure 1).19-50

3.1 | Study characteristics

The key characteristics of the studies are presented in Table E1. No

experimental studies were found; therefore, only analytical epidemio-

logical studies were included, which comprised of 27 cohort studies, 2

Total records from electronic medical databases  =  9622
MEDLINE = 711             EMBASE = 2347      Global Health = 110
Web of Science = 2496 AMED = 5 Cochrane Lib = 61
CINAHL = 197                  PsycINFO = 70 WHO Lib = 1
Google Scholar = 1050      Scopus = 2574        Zetoc = 0

Sc
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�fi
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n

Records from other sources  =  157
Current Controlled Trials = 0
ClinicalTrials.gov = 157
Australian & New Zealand Trials 
Registry = 0
Citation searching/follow-up with 
authors/contact with experts = 10

Total records retrieved
(n = 9779)

Records screened by 
title/abstract
(n = 7110)

Records excluded for not meeting 
inclusion criteria (n = 7001)

Full-text articles assessed for 
eligibility
(n = 109)

Full-text articles excluded (n = 77)
-Reviews, letters (n = 10)
-Not exposure of interest (n = 25)
-Not outcome of interest (n = 12)
-Not on review topic (n = 17)
-Not retrievable (n = 8)
-Conference abstract (n = 5)

Papers included 
in narrative synthesis

(n = 32)
(30 studies)

Papers included 
in meta-analysis

(n = 24)
(22 studies)

Duplicate excluded (n = 2669)

F IGURE 1 PRISMA flow diagram of studies on the association between maternal prenatal stress and risk of allergy and asthma in the
offspring

406 | FLANIGAN ET AL.



case-control studies and 1 cross-sectional study. The type of psy-

chosocial stress indicators investigated in the studies included anxi-

ety,21-24,27,30,35,36,48,49 depression,22-24,30,35,37,41,42 bereavemet,29,32,38

work-related stress,33,36,47,48 and NLEs,19,20,25,26,28,31,34,39,40,43-46,49,50

which were usually comprised of a composite of different indicators of

stressors. Most studies assessed maternal stress using self-completed

validated questionnaire; in a few studies, maternal stress was assessed

from population registers, particularly stress resulting from bereave-

ment of a family member. Twelve studies assessed the impact of

maternal stress on asthma,20,27-32,34,37,38,42,46 8 studies on atopic

eczema/dermatitis,22-24,28,31,44,47,48 10 studies on wheeze,20,24-

28,30,35,42,43,46 3 studies on allergic rhinitis,24,28,31 3 on atopic sensitiza-

tion27,31,42 and 6 studies on cord blood IgE or cytokines19,21,36,39,45,50

(Table S1).

3.2 | Risk of bias within studies

Table S2 provides details of the quality grading for the studies. Of

the 30 studies graded for quality, 4 were strong, 25 were moderate,

and 1 study was weak. Whilst all studies scored moderate or strong

on exposure and outcome assessment, only 1 study scored weak on

study design as it was based on a cross-sectional data. Six studies

were graded weak for selection bias, whereas 2 studies were graded

weak for confounding adjustment; no study was graded strong for

selection bias and confounding adjustment.

3.3 | Prenatal stress and offspring asthma

Prenatal maternal exposure to any type of stress indicator was asso-

ciated with an increased risk of asthma onset (hazard ratio (HR)

1.13, 95% CI 0.98-1.32; I2 = 91.5%) and current or ever asthma (RR

1.13, 95% CI 1.03-1.24; I2 = 83.5%) in the offspring, although result

for asthma onset was not statistically significant (Figure 2, Panel A).

Concerning the type of stress indicators, only anxiety was signifi-

cantly associated with an increased risk of asthma (RR 1.28, 95% CI

1.16-1.41; I2 = 0%) (Figure 2, Panel B). Concerning the timing of

prenatal maternal stress, only exposure during the third trimester

was significantly associated with an increased risk of asthma (OR

1.45, 95% CI 1.08-1.94; I2 = 78%) for the studies that measured cur-

rent and ever asthma (Figure 3, Panel B). Bereavement of the death

of a child (HR 1.28, 95% CI 1.10-1.48; I2 = 0%) or of a spouse (HR

1.40, 95% CI 1.03-1.90; I2 = 1.3%), but not of a parent or sibling,

increased the risk of asthma onset in the offspring (Figure 4).

3.4 | Prenatal stress and offspring atopic eczema/
dermatitis

Prenatal maternal exposure to anxiety (RR 1.29, 95% CI 0.95-1.76;

I2 = 29.2%), depression (RR 1.45, 95% CI 1.12-1.89; I2 = 0%), NLEs

(OR 1.18, 95% CI 0.92-1.51; I2 = 0%) and work stress (OR 1.32,

95% CI 1.16-1.50) was associated with increased risk of atopic

eczema/dermatitis in the offspring, but only depression and work

stress were statistically significant (Figure 5, Panel A). Maternal

exposure to stress during the third and any trimester, but not during

the second trimester, increased the risk of offspring atopic eczema/

dermatitis (Figure 5, Panel B).

3.5 | Prenatal stress and offspring wheeze

Prenatal maternal exposure to anxiety (RR 1.19, 95% CI 1.01-1.39;

I2 = 52%), depression (OR 1.74, 95% CI 1.42-2.13; I2 = 0%) and

NLEs (RR 1.23, 95% CI 1.00-1.52; I2 = 88.3%) (Figure 6, Panel A)

Note: Weights are from random effects analysis

Studies estimating risk ratio

Bandoli (2016)

Cookson (2009)

Fang (2011) (Cohort 2)

Guxens (2014)

Hartwig (2014)

Lee (2016)

Radkhakrishnan (2016)

Turcotte-Tremblay (2014)

Pooled  (I-squared = 83.5%, P = .000)

Studies estimating hazard/rate ratio

Fang (2011) (Cohort 1)

Khashan (2012)

Liu (2015)

Liu (2016)

Pooled  (I-squared = 91.5%, P = .000)

Study

USA

UK

Sweden

Netherlands

Australia

USA

Canada

Canada

Sweden

Sweden

Denmark

Denmark

Country

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Design

Anxiety

Anxiety

Bereavment

Depression

NLEs

NLEs

Non-specific

NLEs

Bereavment

Bereavment

Depression

Bereavment

type
Stress

1193

5810

493813

4848

994

765

122333

68

426334

3193033

733685

750058

analysed
Number

1.21 (0.91, 1.61)

1.30 (1.17, 1.45)

0.99 (0.84, 1.17)

1.30 (0.80, 2.11)

1.13 (0.72, 1.76)

1.28 (1.07, 1.53)

1.13 (1.10, 1.16)

0.98 (0.94, 1.03)

1.13 (1.03, 1.24)

1.00 (0.87, 1.14)

1.43 (1.06, 1.92)

1.25 (1.20, 1.30)

1.02 (0.96, 1.09)

1.13 (0.98, 1.32)

ES (95% CI)

7.04

17.28

13.01

3.06

3.54

12.06

22.42

21.59

100.00

25.13

14.11

30.88

29.88

100.00

Weight
%

11

Note: Weights are from random effects analysis

Anxiety
Bandoli (2016)

Cookson (2009)

Guxens (2014)

Anxiety Pooled  (I-squared = 0.0%, P = .829)

Bereavement
Fang (2011) (Cohort 1)

Khashan (2012)

Liu (2016)

Bereavement Pooled  (I-squared = 59.7%, P = .084)

Bereavement
Fang (2011) (Cohort 2)

NLEs
Bandoli (2016)

Hartwig (2014)

Lee (2016)

Turcotte-Tremblay (2014)

NLEs Pooled  (I-squared = 76.4%, P = .005)

Non-specific stress indicator
Radkhakrishnan (2016)

Study

USA

UK

Netherlands

Sweden

Sweden

Denmark

Sweden

USA

Australia

USA

Canada

Canada

Country

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Design

1193

5810

4848

426334

3193033

750058

493813

1193

994

765

68

122333

analysed
Number

1.21 (0.91, 1.61)

1.30 (1.17, 1.45)

1.18 (0.78, 1.79)

1.28 (1.16, 1.41)

1.00 (0.87, 1.14)

1.43 (1.06, 1.92)

1.02 (0.96, 1.09)

1.06 (0.94, 1.20)

0.99 (0.84, 1.17)

1.10 (0.80, 1.51)

1.13 (0.82, 1.55)

1.28 (1.07, 1.53)

0.89 (0.80, 0.99)

1.08 (0.87, 1.33)

1.13 (1.10, 1.16)

Effect (95% CI)

11.86

82.57

5.57

100.00

35.11

13.85

51.04

100.00

100.00

19.75

19.91

28.07

32.26

100.00

100.00

Weight
%

RR

RR

RR

HR

RR

HR

RR

RR

RR

RR

RR

RR

measure
Effect

11

PANEL (A) PANEL (B)

F IGURE 2 Association between prenatal maternal stress (Panel A: any type of stress and Panel B by type of stress) and risk of asthma in
the offspring. NLEs = Negative life events. The results included Hartwig 2014 and Liu 2016 populations of 14 y and 4-15 y, respectively, as
these were not substantially different from the population of 6 y and 0-3 y, respectively, also presented in the studies
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Note: Weights are from random effects analysis

Studies estimating risk ratio

Bandoli (2016)

Fang (2011) (Cohort 2)

Lee (2016)

Radkhakrishnan (2016)

Turcotte-Tremblay (2014)

Pooled  (I-squared = 82.4%, P = .000)

Studies estimating hazard/rate ratio

Fang (2011) (Cohort 1)

Khashan (2012)

Liu (2015)

Liu (2016)

Pooled  (I-squared = 91.5%, P = .000)

Study

USA

Sweden

USA

Canada

Canada

Sweden

Sweden

Denmark

Denmark

Country

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Cohort

Design

Anxiety

Bereavment

NLEs

Non-specific

NLEs

Bereavment

Bereavment

Depression

Bereavment

type
Stress

1193

493813

765

122333

68

426334

3193033

733685

750058

analysed
Number

1.21 (0.91, 1.61)

0.99 (0.84, 1.17)

1.28 (1.07, 1.53)

1.13 (1.10, 1.16)

0.89 (0.80, 0.99)

1.07 (0.94, 1.22)

1.00 (0.87, 1.14)

1.43 (1.06, 1.92)

1.25 (1.20, 1.30)

1.02 (0.96, 1.09)

1.13 (0.98, 1.32)

ES (95% CI)

11.84

19.12

18.08

27.53

23.43

100.00

25.13

14.11

30.88

29.88

100.00

Weight
%

11

Note: Weights are from random effects analysis

1st Trimester: Odds Ratio
Fang (2011)

1st Trimester: Hazard/Rate Ratio
Fang (2011)
Liu (2016)
Pooled  (I-squared = 0.0%, P = .622)

2nd Trimester: Odds Ratio
Cookson (2009)
Fang (2011)
Guxens (2014)
Hartwig (2014)
Pooled  (I-squared = 58.6%, P = .064)

2ndT Trimester: Hazard/Rate Ratio
Fang (2011)
Liu (2016)
Pooled  (I-squared = 75.7%, P = .043)

3rd Trimester: Odds Ratio
Cookson (2009)
Fang (2011)
Hartwig (2014)
Pooled  (I-squared = 78.0%, P = .011)

3rd Trimester: Hazard/Rate Ratio
Fang (2011)
Liu (2016)
Pooled  (I-squared = 0.0%, P = .568)

Study

Sweden

Sweden
Denmark

UK
Sweden
Netherlands
Australia

Sweden
Denmark

UK
Sweden
Australia

Sweden
Denmark

Country

Cohort

Cohort
Cohort

Cohort
Cohort
Cohort
Cohort

Cohort
Cohort

Cohort
Cohort
Cohort

Cohort
Cohort

Design

Bereavment

Bereavment
Bereavment

Anxiety
Bereavment
Depression
NLEs
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F IGURE 3 Association between prenatal maternal stress and risk of asthma in the offspring, by timing of exposure during pregnancy:
Panel A: during any trimester; Panel B: at different trimesters. The results included Hartwig 2014 and Liu 2016 population of 14 y and 4-15 y
as these were not substantially different from the population of 6 y and 0-3 y also presented in the studies

Note: Weights are from random effects analysis
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F IGURE 4 Association between
maternal stress resulting from bereavement
of a relative and risk of asthma in the
offspring, by type relative. The results
included Hartwig 2014 and Liu 2016
population of 14 y and 4-15 y as these
were not substantially different from the
population of 6 y and 0-3 y also presented
in the studies
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was associated with an increased risk of wheeze in the offspring.

The increased risk was greater for maternal exposure to stress dur-

ing the second and third than any trimester (Figure 6, Panel B).

When we investigated the impact on different wheezing phenotypes,

maternal stress increased the risk of early-onset, late-onset and per-

sistent wheeze, although the impact on late-onset wheeze was not

statistically significant (Figure 7).

3.6 | Prenatal stress and offspring allergic rhinitis

Prenatal maternal exposure to any type of stress indicator was asso-

ciated with an increased risk of subsequent allergic rhinitis in the

offspring (OR 1.36, 95% CI 1.08-1.71; I2 = 43.7%) (Figure S2). These

results were similar when the study by Hartwig et al31 was analysed

separately for allergic rhinitis at 6 and 14 years.

Note: Weights are from random effects analysis
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F IGURE 6 Association between maternal prenatal stress and risk of wheeze in the offspring, by type of stress (Panel A) and timing of
exposure during pregnancy (Panel B). NLEs = Negative live events. No major differences when Cookson 2009’s wheeze at 6-18 mo and 69-
81 mo were analysed separately; hence, we present the results for the 6- to 18-mo age group

Note: Weights are from random effects analysis 
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Note: Weights are from random effects analysis
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F IGURE 5 Association between maternal prenatal stress and risk of atopic eczema/dermatitis in the offspring, by type of stress (Panel A)
and timing of exposure during pregnancy (Panel B). NLEs = negative live events. No major differences when Hartwig 2014’s 6-y-olds and 14-
y-olds were analysed separately; hence, we presented the results for 6-y-olds
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3.7 | Prenatal stress and offspring atopic
sensitization

Prenatal maternal exposure to any stress indicator was associated

with a decreased risk of atopic sensitization in the offspring (OR

0.92, 95% CI 0.86-0.98; I2 = 0%) (Figure 8). These results were simi-

lar when the study by Hartwig et al31 was analysed separately for

atopic sensitization at 6 and 14 years. The measurement and defini-

tion of atopic sensitization differed between the studies: whilst

Cookson27 defined it as ≥2 mm weal skin prick test to aeroallergens,

Hartwig31 and Reyes42 were based on IgE measurements of a com-

bination of both food and inhalant allergens.

3.8 | Prenatal stress and cord blood IgE and
cytokines

Studies reporting the impact of maternal prenatal stress on cord

blood IgE and cytokines were heterogeneous, particularly with

regard to the type of outcomes investigated; hence, a meta-analysis

was not undertaken to pool the results of these studies together.

However, across studies, maternal exposure to stress during preg-

nancy was associated with raised cord blood specific and total

IgE.36,39,45,50 One study reported an alteration of cord blood cyto-

kine profiles (IL-12, IL-1b, IL-4, IL-5, IL6, IL-8 and TNF-a) in offspring

of mothers exposed to stress during pregnancy.19

Note: Weights are from random effects analysis
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F IGURE 7 Association between
maternal prenatal stress and risk of
wheeze phenotypes in the offspring

Note: Weights are from random effects analysis
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F IGURE 8 Association between
maternal prenatal stress and atopic
sensitization in the offspring, by timing of
exposure during pregnancy: No major
differences when Hartwig 2014’s 6-y-olds
and 14-y-olds were analysed separately;
hence, we presented the results for 6-y-
olds
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3.9 | Assessment of publication bias

Figure S3 shows the funnel plot evaluating possible publication bias

and small study effect: by interpretation, a symmetric funnel plot

indicates less likelihood of publication bias influencing the estimates

of effect. Indeed, the funnel plot in Figure S3 is modestly symmetric.

The associated P-values for Egger’s test (where Egger’s test of with

P < .05 indicating presence of publication bias) were as follows: ato-

pic eczema/dermatitis studies P = .949; atopic sensitization studies

P = .855; wheeze studies P < .001; asthma studies P = .828; and

allergic rhinitis studies P = .493.

4 | DISCUSSION

This study provides the most comprehensive and robust synthesis of

the evidence to date on the association between prenatal maternal

exposure to psychosocial stress and the risk of allergy and asthma in

the offspring. The majority of included studies were at moderate risk

of bias. Overall, prenatal maternal exposure to any psychosocial

stress was associated, albeit modestly, with an increased risk of

asthma, atopic eczema/dermatitis, wheeze and its phenotypes, and

allergic rhinitis. A decreased risk was seen for atopic sensitization.

Although these results were similar for specific indicators of stress,

exposure to anxiety and depression had the strongest effects. The

third trimester appeared to be more vulnerable period of exposure

compared to first and second trimesters. Specific to asthma, mater-

nal bereavement of a child or a spouse, but not of a parent or sib-

ling, increased the risk of asthma in the offspring.

We undertook an exhaustive search of the literature, covering

the major medical and public health databases, which was supple-

mented through search of grey literature and through contacting

experts in the field. The search strategies were implemented and

published to enhance reproducibility. It is therefore unlikely that we

missed any relevant literature, this being confirmed by somewhat

symmetric funnel plot on publication bias and small study effect.

Two reviewers independently performed each stage of the review,

including literature screening, data extraction and quality appraisal of

included studies. We developed, published and registered a detailed

protocol15 prior to undertaking the review, which enhanced the

transparency of the review process.

At the same time of publishing our review protocol, 2 related

systematic reviews were published.13,14 By the time, we were plan-

ning the current review, no protocol was published for those

reviews, neither were they registered in PROSPERO; hence, our pre-

liminary search did not identify them. Nevertheless, in the first

review only asthma and wheeze were outcomes, which limits its

scope.13 The second review considered all possible asthma and aller-

gic outcomes, but only provided narrative synthesis of the existing

literature.14 We aimed for a comprehensive and exhaustive approach

by including the full spectrum of allergy and asthma outcomes and

considering whether the type of stressor and trimester of exposure

were important. We identified 30 unique studies as against 16

studies in the second review14 and 18 studies as against 10 studies

in the first review with regard to asthma/wheeze outcomes.13 Whilst

the second study14 performed only narrative synthesis, with careful

consideration, we judged several of these studies to be reasonably

homogenous to be combined in meta-analyses with respect to expo-

sure and outcome definitions, study design and statistical analyses.

Regardless of the differences in methodological rigour and compre-

hensiveness, the conclusions from the 2 previous systematic reviews

align with our findings, indicating that prenatal maternal exposure to

psychosocial stress was associated with increased risk of asthma and

allergic disease in the offspring.

The majority of studies included in our review were graded as at

moderate risk of bias, with only 4 being graded as strong studies, an

indication of the potential for biases across studies, particularly

within the domains of selection bias and confounding adjustment. In

particular, most studies assessed maternal prenatal stress using self-

report questionnaires, usually for recall of previous exposure to

stress across several months. No study used both self-report and

objective measures at regular intervals, which would provide a more

robust and informative understanding of unique and combined con-

tribution of environmental and mechanistic factors involved in the

developmental pathway of atopic conditions. Several studies also

assessed allergy outcomes using maternal subjective questionnaires

and the age of onset of the outcomes was not consistent across all

studies. Objective assessment of both maternal prenatal stress and

offspring outcomes and within the same time-point will improve the

underlying evidence and provide a stronger basis to evaluate

whether these findings are causal.14 The test for heterogeneity was

significant for a number of associations, an indication of the varia-

tions in methods and measures between studies; however, as we did

not have sufficient number of studies for each of these associations,

we were unable to further investigate the possible reasons for these

significant heterogeneity tests. Furthermore, as it was not feasible to

perform a formal test between subgroups, it is possible that the

associations found within subgroups may be a result of chance.

Although some studies have examined the role of maternal stress

during the post-partum period and the child’s exposure during

infancy on subsequent risk of allergy and asthma in the child,26,51 a

priori,15 the underpinning objective of our review was to assess the

impact of prenatal stress on offspring’s asthma and allergy. This

objective aligns within the framework of the foetal programming

hypothesis. Within this framework, we assumed that the pathway of

prenatal stress influencing offspring asthma and allergy risk may be

independent of the effects of postnatal and early-life stress; hence,

we excluded all studies not investigating maternal prenatal stress.

However, we cannot rule out the possibility that these findings may

also be partly explained by postnatal or early-life stress exposures.52

Furthermore, whilst the timing of exposure was based on the trime-

ster of assessment of prenatal stress, this single time-point assess-

ment may fail to reflect specific trimester effect, as stressful events

may be acute or may chronologically be present throughout preg-

nancy or may even be an extension of stressful events prior to preg-

nancy.52
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Regardless of the type of stress indicator, timing of exposure,

and the type of allergy and asthma outcomes, by bringing together

all the available evidence, the current evidence synthesis shows that

prenatal maternal psychosocial stress is associated with an increased,

albeit modest, risk of asthma and allergy in the offspring. The find-

ings were particularly more evident for depression and anxiety than

for other indicators of prenatal stress. This could reflect that anxiety

and depression scores were based on self-assessment and question-

naires. However, it should also be noted that the largest study had a

strongly positive result.32 This study also had a strong design due to

using a “natural experiment” design and an objective measure of

hospitalized asthma, thereby avoiding the risks of reporting bias and

reverse causation.32 In addition, although depression and anxiety

reflect mood states, they are robust correlates of psychosocial stress

and strongly predispose to stress-related conditions, such as smok-

ing, poor diet, poor sleeping habits and poor quality of life, which

may also lead to asthma and allergy in offspring.53

Whilst our observations may represent causal relationships, they

may also be a consequence of over-reporting of offspring disease

status by distressed mothers22,54 or due to residual confounding in

the original studies. The number and type of confounders adjusted

varied across included studies. In particular, the omission of key con-

founders in several studies, including maternal allergic history, preg-

nancy complications, acid reflux conditions, medication use during

pregnancy (eg, antibiotics and acetaminophen) and pregnancy weight

gain indicates sub-optimal confounding adjustment and therefore

may impact on the observed risk. One way to test for residual con-

founding in foetal programming studies is to use family design stud-

ies such as sibling studies54,55 or to use a paternal negative control.

A positive association for paternal exposure to stress during the

mother’s pregnancy and subsequent offspring asthma or allergy may

indicate residual confounding is affecting the prenatal maternal

stress and offspring asthma association. A recent study using fathers

as a negative control in this way found that after adjusting for

measured confounders there was no evidence for residual

confounding.56

One hypothesized pathway through which stress may influence

risk of asthma and allergy is that high levels of cortisol resulting from

external stress may potentiate cell differentiation from Th1 to Th2

phenotype.12 Prenatal stress-generated cortisol has been linked to

increased airway responsiveness in the offspring in animal models.12

This indicates that prenatal maternal stress may increase risk of ato-

pic sensitization in the offspring and subsequent allergic disease and

asthma. However, our findings did not support this line of reasoning,

but showed a decreased risk of atopic sensitization and increased

risk of clinical allergic outcomes and asthma. The reason for these

differential findings between atopic sensitization and other clinical

outcomes is unclear. Other suggested mechanisms indicate that pre-

natal maternal stress may cause epigenetic effects with deoxyribonu-

cleic acid (DNA) methylation and altered gene expression in the

placenta,57 but this proposal and its implication for the development

of allergy and asthma in the offspring has yet to be determined.51

There is some evidence that prenatal stress exposure can influence

the composition of the offspring’s intestinal microbiota and may also

result in increased susceptibility to asthma.58,59

5 | CONCLUSION

Prenatal maternal psychosocial stress—particularly anxiety and

depression—was associated with a modest increased risk of asthma

and allergy in the offspring. Whilst exposure during the third trime-

ster had the greatest impact compared to the first and second trime-

sters, this may represent cumulative stress exposure throughout

pregnancy rather than a trimester-specific effect. These findings may

represent a causal association; they may also result from inherent

biases in the included studies, particularly residual confounding. Fur-

ther studies with objective measures of prenatal stress and optimal

adjustment of confounding are required, as well as studies elucidat-

ing the likely mechanisms for these associations.
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Table S1: Main characteristics, key results, and overall risk of bias of studies on the association between maternal psychosocial
stress during pregnancy and risk of allergy and asthma in the offspring

Reference, country; and
study design

Study population
N (maternal-child; source of

study population)
Age of

children/
follow-up

years

Type of prenatal stress
and assessment

Outcomes and
assessment

Key results Overall
risk of bias
assessmentNumber

recruited
Number
analysed

Andersson et al 2016; USA;
Prospective cohort study

50 43 At birth Maternal reported anxiety
and negative life events
(NLEs) during the 2nd

trimester using Self-
reported using Perceived
Stress Scale (PSS-14);
State-Trait anxiety
inventory (STAI); Life
Experience Interview

Cord blood
cytokines: IL-12,
IL-1β, IL-4, IL-5,
IL6, IL-8, and
TNF-α

Prenatal maternal stress increased the risk of
alteration of cord blood cytokine profiles in the
offspring

Moderate

Bandoli et al 2016; USA;
Prospective cohort study

6,347 1,193 2.3-5.8 years Maternal reported
anxiety, chronic stress,
and NLEs (loss of
car/job/home, serious
arguments with partner,
close acquaintance with
health, drug or legal
problems, death of a
relative, threatened with
physical harm,
discrimination due to
race/ethnicity) at any time
during pregnancy

Maternal reported
wheeze and
asthma using the
ISAAC
questionnaire

Maternal anxiety and current asthma: adjusted
Moderate vs none: RR 1.22 (0.73-2.05)
Somewhat vs none: RR 1.07 (0.67-1.71)
Very much vs none: RR 1.39 (0.83-2.35)

Maternal chronic stress and current asthma: adjusted
Moderate vs low: RR 0.75 (0.49-1.14)
High vs low: RR 1.11 (0.67-1.86)

Maternal NLEs and current asthma: adjusted
1 NLE vs none: RR 1.21 (0.80-1.83)
2+ NLEs vs none: RR 0.96 (0.58-1.57)

Results also given in the paper for ever and current
wheeze

Moderate

Bidaki et al 2011; Iran;
Prospective cohort study

320 290 At birth Maternal reported
anxiety. Assessed using
the Holme-Rahe stress
questionnaire at the 3rd

trimester of pregnancy

Cord blood IgE No estimate of effect computed only descriptive data
presented in the paper

Moderate

Braig et al 2016; Germany;
Prospective cohort study

2,610 787 Up to 2
years

Maternal questionnaire-
reported chronic stress,
anxiety, and depression
symptoms during the 3rd

trimester. Also maternal
hair cortisol

Maternal
questionnaire-
reported atopic
dermatitis (AD).
Dermatologist
confirmation using

Maternal chronic stress and AD symptoms: adjusted
Quartile 2 vs quartile 1: RR 1.3 (0.8-1.9)
Quartile 3 vs quartile 1: RR 1.4 (0.9-2.1)
Quartile 4 vs quartile 1: RR 1.5 (1.0-2.3)

Maternal depression and AD symptoms : adjusted
High vs low: RR 1.4 (1.0-2.0)

Moderate
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SCORAD Maternal anxiety and AD symptoms: adjusted
Quartile 2 vs quartile 1: RR 1.4 (0.9-2.1)
Quartile 3 vs quartile 1: RR 1.4 (0.9-2.2)
Quartile 4 vs quartile 1: RR 1.5 (0.9-2.4)

Maternal hair cortisol and AD symptoms: adjusted
Quartile 2 vs quartile 1: RR 1.0 (0.7-1.5)
Quartile 3 vs quartile 1: RR 0.9 (0.6-1.4)
Quartile 4 vs quartile 1: RR 0.8 (0.5-1.2)

Results also given in the paper for parent-reported,
paediatrician-reported and strictly defined AD

Chang et al 2016; South
Korea; Prospective cohort
study

Cohort 1: 2,021
Cohort 2: 2,150

Cohort 1: 973
Cohort 2:
1,531

Up to 5
years

Maternal questionnaire-
reported stress:
Cohort 1: depression and
anxiety at 3rd trimester
Cohort 2: depression any
time during pregnancy

AD symptoms
Cohort 1:
diagnosis by
pediatric allergist
Cohort 2:
maternal report
using ISAAC
questionnaire

Cohort 1: maternal depression and AD: adjusted
HR 1.31 (1.02-1.69)

Cohort 1: maternal anxiety and AD: adjusted
HR 1.41 (1.06-1.89)

Cohort 2: maternal depression and AD: adjusted
OR 1.85 (1.06-3.25)

Moderate

Cheng et al 2015;
Singapore; Prospective
cohort study

1,152 1,067 Up to 1 year Maternal questionnaire-
reported depression
(using Edinburgh
Postnatal Depression
Scale) and anxiety
(State-Trait Anxiety
Inventory) during 2nd

trimester

Maternal reported
doctor-diagnosed
wheeze, allergic
rhinitis, and atopic
eczema

Maternal depression: adjusted
Wheeze: OR 2.09 (1.05-4.19)
Allergic rhinitis: OR 1.13 (0.54-2.36)
Atopic eczema: OR 1.13 (0.43- 2.99)

Maternal anxiety state: adjusted
Wheeze: OR 1.01 (0.63-1.61)
Allergic rhinitis: OR 1.82 (1.17-2.82)
Atopic eczema: OR 1.01 (0.56-1.81)

Maternal anxiety trait: adjusted
Wheeze: OR 1.23 (0.78-1.94)
Allergic rhinitis: OR 1.70 (1.10-2.61)
Atopic eczema: OR 1.02 (0.58-1.81)

Moderate

Chiu et al 2012; Chiu et al
2014; USA; Prospective
cohort study

989 653 for Chiu
2012 ;

708 for Chiu
2014

Up to 2
years

Maternal reported 11
domains of NLEs – e.g.
financial, relationships,
violence, other housing
issues, and
discrimination and
prejudice; exposure to
community violence
(ECV). Assessed through
self-report at 3rd trimester

Maternal
questionnaire-
reported wheeze
in the offspring up
to 2 years of age

NLEs and wheeze: adjusted
1-2 vs none: OR 1.95 (0.76-5.00)
3-4 vs none: OR 3.55 (1.38-9.15)
5+ vs none: OR 3.79 (1.39-10.3)

ECVs scores and wheeze: adjusted
Medium vs low: OR 1.34   (0.71-2.52)
High  vs low: OR 1.95 (1.13-3.36)

Moderate

Cookson et al 2009; UK;
Prospective cohort study

14,062 5,810 Up to 7.5
years

Maternal anxiety reported
using the Crown-Crisp

Maternal
questionnaire-

Anxiety at 18 weeks and current asthma: adjusted
2nd vs 1st quart. OR 1.24 (1.00-1.55)

Moderate
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Experimental Index.
Assessed at 18 and 32
weeks pregnancy

reported doctor-
diagnosed current
asthma and
consultation for
wheeze. Specific
IgE sensitisation;
and methacholine-
based
bronchohyper-
responsiveness
(BHR)

3rd vs 1st quart. OR 1.32 (1.07-1.63)
4th vs 1st quart. OR 1.53 (1.22-1.93)

Anxiety at 32 weeks and current asthma: adjusted
2nd vs 1st quart. OR 1.36 (1.09-1.71)
3rd vs 1st quart. OR 1.42 (1.14-1.77)
4th vs 1st quart. OR 1.65 (1.30-2.08)

Results also given in the paper for wheeze at 18 and
81 months; atopic and non-atopic asthma, asthma +
BHR; BHR, and atopic sensitisation

de Marco et al 2012; Italy;
Cross-sectional study

3,907 3,758 3-14 years
(mean 8.5
years)

Maternal NLEs
(mourning, loss of own or
husband’s job,
separation, divorce). Self-
reported questionnaire.
Assessed for events
occurring during any
trimester

Maternal
questionnaire-
reported ever
asthma, wheeze,
atopic eczema,
and allergic
rhinitis

Exposure to any NLEs: adjusted
Asthma: OR 1.71 (1.02-2.89)
Wheeze: OR 1.41 (1.03-1.94)
Atopic eczema: OR 1.53 (1.11-2.10)
Allergic rhinitis: OR 1.75 (1.08-2.84)

Moderate

Fang et al 2011; Sweden;
Retrospective cohort study

Cohort 1 (born
2004-2008):
449,363

Cohort 2 (born
1997-2002):
514,261

Cohort 1:
426,334

Cohort 2:
493,813

Cohort 1: up
to 4 years
Cohort 2: 7-
12 years

Maternal bereavement.
Assessed from
population register. For
bereavement ≤1 year
before pregnancy and at
different trimesters

Cohort 1: incident
asthma
Cohort 2: current
asthma
Assessed from
disease register

Cohort 1: bereavement and asthma onset :adjusted
Any time during pregnancy: HR 1.00 (0.87-1.14)
1st trimester: HR 0.98 (0.76-1.27)
2nd trimester: HR 1.18 (0.94-1.48)
3rd trimester: HR 0.87 (0.70-1.09)

Cohort 2: bereavement and current asthma: adjusted
Any time during pregnancy: OR 0.99 (0.84-1.17)
1st trimester: OR 1.02 (0.76-1.37)
2nd trimester: OR 0.86 (0.63-1.18)
3rd trimester: OR 1.07 (0.84-1.39)

Estimates reported in the paper also separately for
boys and girls; also by relative type, and by cause of
death

Strong

Guxens et al 2014;
Netherlands; Prospective
cohort study

8,880 4,848 Up to 6
years

Maternal reported
depression and anxiety
symptoms during the 2nd

trimester

Maternal
questionnaire-
reported doctor-
diagnosed ever
asthma at 6 years
and wheeze at 4
years

Exposure to anxiety + depression: adjusted
Ever asthma: OR 1.45 (0.91-2.31)
Early wheeze (≤3 yrs): OR 1.23 (0.89-1.69)
Late wheeze (at 4 yrs): OR 1.94 (1.04-3.60)
Persistent wheeze (1-4 yrs): OR 2.15 (1.47-3.13)

Exposure to depression: adjusted
Ever asthma: OR 1.33 (0.82-2.16)
Early wheeze (≤3 yrs): OR 1.31 (0.97-1.76)
Late wheeze (at 4 yrs): OR 2.04 (1.14-3.64)
Persistent wheeze (1-4 yrs): OR 1.84 (1.24-2.72)

Exposure to anxiety: adjusted

Moderate
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Ever asthma: OR 1.19 (0.76-1.86)
Early wheeze (≤3 yrs): OR 1.17 (0.88-1.55)
Late wheeze (at 4 yrs): OR 1.81 (1.05-3.12)
Persistent wheeze (1-4 yrs): OR 1.72 (1.22-2.43)

Hartwig et al 2014; Australia;
Prospective cohort study

2,860 994 14 years Maternal reported 10
NLEs including
separation or divorce,
marital problems,
problems with children,
pregnancy problems,
experience of involuntary
job loss, partner
experienced involuntary
job loss, money
problems, a residential
move, death of a close
relative, and death of a
close friend. Assessed
for events occurring ≤18
and 18-34 weeks of
pregnancy

Maternal
questionnaire
reported current
asthma, allergic
rhinitis, and atopic
eczema. At 6 and
14 years Atopic
sensitisation also
assessed at 6 and
14 years

Exposure to NLEs by 18 weeks: adjusted
Asthma at 6 years:

1 vs no NLEs: OR 1.30 (0.86-1.95)
2 vs no NLEs: OR 1.21 (0.72-2.04)
3+ vs no NLEs: OR 1.73 (0.87-3.44)

Asthma at 14 years:
1 vs no NLEs: OR 1.12 (0.67-1.87)
2 vs no NLEs: OR 1.08 (0.56-2.07)
3+ vs no NLEs: OR 1.26 (0.54-2.91)

Exposure to NLEs by 34 weeks: adjusted
Asthma at 6 years:

1 vs no NLEs: OR 1.10 (0.72-1.66)
2 vs no NLEs: OR 1.34 (0.80-2.24)
3+ vs no NLEs: OR 0.99 (0.47-2.08)

Asthma at 14 years:
1 vs no NLEs: OR 2.24 (1.33-3.75)
2 vs no NLEs: OR 1.96 (1.01-3.79)
3+ vs no NLEs: OR 1.81 (0.74-4.46)

Estimated also reported in the paper for allergic
rhinitis, atopic eczema, and atopic sensitisation and
by maternal history of asthma

Moderate

Khashan et al 2012;
Sweden; Retrospective
cohort study

3,290,141 3,193,033 Up to 2-34
years

Bereavement (death of a
spouse or child) during
the 1st, 2nd and 3rd

trimester. Assessed from
population register

Asthma
hospitalisation
and asthma
hospitalisation pus
other related
outcomes
(bronchitis,
COPD, allergic
rhinitis, atopic
dermatitis, ALRI).
Assessed from
national patient
register

Death of spouse or child: adjusted
Asthma hospitalisation: RR 1.43 (1.06-1.92)
Asthma hospitalisation + other related
outcomes: RR 1.40 (1.14-1.72)

Death of spouse only: adjusted
Asthma hospitalisation: RR 1.59 (1.10-2.30)
Asthma hospitalisation + other related
outcomes: RR 1.64 (1.29-2.10)

Strong

Larsen et al 2014; Denmark;
Prospective cohort study

100,418 32,271 Up to 7
years

Psychosocial job
strain/stress. Assessed
using questionnaire and
telephone interviews.
Assessed for events

Maternal reported
current asthma
and atopic
dermatitis (AD).
Assessed using

Work stress and asthma + AD: adjusted
High vs low strain: OR 1.11 (0.88-1.40)
Active vs low strain: OR 1-09 (0.95-1.25)
Passive vs low strain: OR 1.10 (0.91-1.34)

Moderate
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during 2nd trimester ISAAC-based
questionnaire

Results also given in the paper for having asthma and
no AD and for having AD and no asthma

Lee et al 2016; USA;
Prospective cohort study

989 765 Up to 6
years

Maternal questionnaire-
reported NLEs in 11
domains (eg, financial,
legal, career,
relationships, home
safety, community safety,
medical issues pertaining
to self, medical issues
pertaining to others,
home issues, authority,
and prejudice) any time
during pregnancy.

Maternal reported
clinician-
diagnosed asthma

NLEs and asthma onset: adjusted

All
1-2 NLEs vs none: OR 1.05 (0.59-1.88)
3-4 NLEs vs none: OR 1.60 (0.88-2.92)
≥5 NLEs vs none: OR 2.02 (1.05-3.87)
Continuous: OR 1.31 (1.07-1.60)

Boys:
Continuous: OR 1.38 (1.06-1.79)

Girls:
Continuous: OR 1.17 (0.84-1.63)

Results also given in paper for mutual adjustment for
prenatal and postnatal maternal stress

Lefevre et al 2011; France;
Case-control study

Cases: 142
Controls: 142

Cases: 138
Controls: 109

<2 years Maternal questionnaire-
reported anxiety and
depression symptoms
occurring any time during
pregnancy

Maternal reported
wheeze and
objective
measures of
eosinophila and
IgE sensitisation

Depression and wheeze: adjusted
OR 1.55 (0.12-19.8)

Anxiety and wheeze: adjusted
OR 1.98 (0.69-5.68)

Moderate

Lin et al 2004; Taiwan;
Prospective cohort study

353 334 At birth Maternal questionnaire-
reported stress
(comprising nervousness,
exhaustion, anxiety,
tiredness, working stress,
and discouragement) at
any time during
pregnancy

Cord blood IgE
sensitisation

Maternal stress and cord blood IgE sensitisation:
adjusted

OR 7.7 (1.1- 58.9)

Maternal nervousness and cord blood IgE
sensitisation: adjusted

Occasionally vs never/seldom: OR 1.1 (0.5-2.5)
Regularly vs never/seldom: OR 4.0 (1.3-12.8)

Moderate

Liu et al 2015; Denmark;
Retrospective cohort study

755,358 733,685 Up to 3
years

Maternal depression and
use of antidepressant
drugs throughout
pregnancy. Assessed
from population register

Asthma onset
assessed from
medication
prescription
database

Maternal depression vs none: adjusted
HR 1.25 (1.20-1.30)

Use of antidepressant vs non-use: adjusted
HR 1.25 (1.18-1.33)

Strong

Liu et al 2015; Denmark;
Retrospective cohort study

755,358 750,058 Up to 15
years

Maternal bereavement
throughout pregnancy.
Assessed from
population register

Asthma onset
assessed from
medication
prescription
database

Maternal bereavement vs none: adjusted
0-3 years: HR 1.04 (1.00-1.07)
4-15 years: HR 1.02 (0.96-1.09)

Timing of maternal bereavement: adjusted
0-3 years: 1st trimester: HR 1.05 (0.95-1.15); 2nd

trimester: HR 0.99 (0.91-1.08); 3rd trimester: HR 1.06

Strong
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(0.96-1.17)
4-15 years: 1st trimester: HR 1.06 (0.89-1.27); 2nd
trimester: HR 0.88 (0.74-1.04); 3rd trimester: HR 0.95
(0.77-1.16)

Results also given in the paper for type of relative
death and cause of death and also stratified by
maternal asthma history

Peters et al 2012; USA;
Prospective cohort study

500 403 At birth Maternal questionnaire-
reported NLEs (financial,
legal, career,
relationships, medical,
safety in community and
home, difficulty with
authority, and
discrimination) during 3rd

trimester

Total cord blood
IgE sensitisation
using CAP
fluorescent
enzyme
immunoassay

NLEs score and log cord blood IgE in all women:
β 0.10 (0.03-0.16)

NLEs score and log cord blood IgE in atopic women:
β 0.13 (0.02-0.24)

NLEs score and log cord blood IgE in all women:
β 0.05 (-0.03-0.14)

Moderate

Polloni et al 2015; Italy;
Case-control study

Cases: 67

Controls: not
indicated

Cases: 59
Controls: 59

Mean 8.3
years

Maternal questionnaire-
reported NLEs:
bereavement, divorce or
separation, financial
problem, and anxiety
symptoms at any time
during pregnancy

Food allergy
assessed via IgE,
skin prick test,
clinical evaluation

Only descriptive results are given in paper Weak

Radhakrishnan et al 2016;
Canada; Retrospective
cohort study

122,333 122,333 12 years Maternal use of mental
health services any time
during the 12 months
preceding child birth.
Assessed from health
administrative records

Physician
diagnosed asthma
based on health
administrative
records

Maternal stress and asthma: adjusted
OR 1.16 (1.12-1.20)

Moderate

Reyes et al 2011; USA;
Prospective cohort study

727 279 Up to 5
years

Maternal questionnaire-
reported demoralisation
during the 3rd trimester

Maternal
questionnaire-
reported wheeze.
Serum total and
specific IgE
sensitisation to
inhalant allergens

Unit increase in maternal demoralisation score:
adjusted

Any wheeze at 5 yrs: OR 1,66 (1.29-2.14)
Transient wheeze (3-30 mo): OR 2.25 (1.34-3.76)
Late onset wheeze (>30 mo): OR 1.39 (0.61-3.17)
Persistent wheeze (3-5 yrs): OR 2.69 (1.52-4.76)
Specific IgE sensitisation: OR 0.96 (0.57-1.60)

Moderate

Rosa et al 2016; Mexico;
Prospective cohort study

815 417
Boys: 211
Girls: 206

Up to 4
years

Maternal questionnaire-
reported NLEs in 11
domains (financial, legal,
career, relationship,

Maternal reported
ever and current
wheeze using the
ISAAC

Unit increase in NLEs scores and ever wheeze:
adjusted

All: RR 1.08 (1.00-1.16)
Boys: RR 1.12 (1.02-1.24)

Moderate
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home safety,
neighbourhood safety,
medical issues (self and
others), home, prejudice,
and authority) during the
2nd or 3rd trimester

questionnaire Girls: RR 1.03 (0.92-1.15)

Unit increase in NLEs scores and current wheeze:
adjusted

All: RR 1.12 (1.00-1.26)
Boys: RR 1.11 (0.96-1.28)
Girls: RR 1.11 (0.93-1.34)

Sausenthaler et al 2009;
Germany; Prospective cohort
study

3097 3004 Up to 6
years

Indicators of
psychological, social, and
serological stress at any
time during pregnancy.
Assessed from maternity
cards

Maternal
questionnaire-
reported atopic
eczema

Any stress and atopic eczema: adjusted
Atopic eczema by 1 year: OR 1.24 (0.72-2.13)
Atopic eczema by 2 years: OR 1.48 (0.95-2.30)
Atopic eczema by 3 years: OR 1.06 (0.66-1.70)
Atopic eczema by 4 years: OR 1.06 (0.67-1.68)
Atopic eczema by 5 year: OR 1.21 (0.76-1.91)
Atopic eczema by 6 year: OR 1.13 (0.71-1.79)

Moderate

Sternthal et al 2009; USA;
Prospective cohort study

500 478 At birth Maternal questionnaire-
reported exposure to
interpersonal trauma
during the 3rd trimester

Total cord blood
IgE sensitisation
using CAP
fluorescent
enzyme
immunoassay

Interpersonal trauma vs none: adjusted
OR 2.19 (0.89-5.38)

Moderate

Turcotte-Tremblay et al
2014; Canada; Prospective
cohort study

224 68 11-12 years Maternal questionnaire-
reported posttraumatic
stress disorder occurring
at any time during
pregnancy

Maternal
questionnaire-
reported doctor-
diagnosed current
asthma, use of
asthma
medication and
wheeze

Maternal stress and wheeze: adjusted
Girls only: OR 1.11 (1.01-1.23)
Girls and boys: OR 0.97 (0.91-1.03)

Maternal stress and asthma: adjusted
Girls only: OR 1.09 (1.00-1.19)
Boys only: OR 0.88 (0.78-0.99)
Girls and boys: OR 0.88 (0.78-0.99)

Maternal stress and asthma medication: adjusted
Girls only: OR 1.12 (1.01-1.25)
Girls and boys: OR 0.95 (0.87-1.02)

Moderate

Wang et al 2013; Taiwan;
Prospective cohort study

24,200 19,381 Up to 3
years

Maternal questionnaire-
reported work stress
occurring at any time
during pregnancy

Maternal
questionnaire-
reported parent-
perceived and
doctor-diagnosed
AD

Work stress and parent-perceived AD: adjusted
Intermediate vs low/no stress: OR 1.20 (1.00-1.46)
High vs low/no stress: OR 1.43 (1.20-1.70)

Work stress and doctor-diagnosed AD: adjusted
Intermediate vs low/no stress: OR 1.22 (1.05-1.41)
High vs low/no stress: OR 1.34 (1.16-1.54)

Moderate

Wen et al 2011; Taiwan;
Prospective cohort study

1,264 730 Up to 2
years

Maternal questionnaire-
reported indicators of
stress (vitality, vigour,
happiness, anxiety,
discouragement,

Maternal reported
AD via telephone

Maternal stress and AD: adjusted
Medium vs low/no stress: OR 1.10 (0.40-2.80)
High vs low/no stress: OR 2.30 (1.10-5.30)

Moderate
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nervousness, tiredness,
exhaustion, and work
stress) occurring during
the 3rd trimester

Wood et al 2011; USA;
Prospective cohort study

1,850 515 1 year Maternal questionnaire-
reported exposure to
work stress, community
violence, anxiety, and
depression during the 2nd

and 3rd trimester

Maternal
questionnaire-
reported wheeze
and atopic
eczema. IgE
sensitisation

All estimates presented in figures. Higher maternal
stress scores appeared associated with increased risk
of wheeze and atopic eczema

Moderate

Wright et al 2010; USA;
Prospective cohort study

1,853 560 At birth Maternal questionnaire-
reported difficult life
circumstances, economic
strain, neighbourhood
/block conditions,
perceived community
violence and housing
worries.

Cord blood
cytokine
responses

Only p-values presented in paper, hence results
difficult to interpret

Moderate
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Table S2: Domain specific quality assessment of studies on the association between maternal psychosocial stress during pregnancy
and risk of allergy and asthma in the offspring

Reference; country Overall risk of
bias assessment

Risk of bias assessment for study components
Study design Exposure

assessment
Outcome

assessment
Selection bias Confounding

Andersson et al 2016; USA Moderate Strong Moderate Strong Moderate Moderate

Bandoli et al 2016; USA Moderate Moderate Moderate Moderate Weak moderate

Bidaki et al 2011; Iran Moderate Strong Moderate Strong Moderate Weak

Braig et al 2016; Germany Strong Strong Strong Strong Moderate Moderate

Chang et al 2016; South Korea Moderate Strong Moderate Moderate Moderate Moderate

Cheng et al 2015; Singapore Moderate Strong Moderate Moderate Moderate Moderate

Chiu et al 2012; Chiu et al 2014; USA Moderate Strong Moderate Moderate Moderate Moderate

Cookson et al 2009; UK Moderate Strong Moderate Moderate Moderate Moderate

de Marco et al 2012; Italy Moderate Weak Moderate Moderate Moderate Moderate

Fang et al 2011; Sweden Strong Strong Strong Strong Moderate Moderate

Guxens et al 2014; Netherlands Moderate Strong Moderate Moderate Moderate Moderate

Hartwig et al 2014; Australia Moderate Strong Moderate Moderate Weak Moderate

Khashan et al 2012; Sweden Strong Strong Strong Strong Moderate Moderate

Larsen et al 2014; Denmark Moderate Strong Moderate Moderate Moderate Moderate

Lee et al 2016; USA Moderate Strong Moderate Moderate Moderate Moderate

Lefevre et al 2011; France Moderate Moderate Moderate Moderate Weak Moderate

Lin et al 2004; Taiwan Moderate Strong Moderate Strong Moderate Moderate

Liu et al 2015; Liu et al in press;
Denmark

Strong Strong Strong Strong Moderate Moderate
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Peters et al 2012; USA Moderate Strong Moderate Strong Moderate Moderate

Polloni et al 2015; Italy Weak Moderate Moderate Moderate Weak Weak

Radhakrishnan et al; Canada Moderate Strong Moderate Moderate Moderate Moderate

Reyes et al 2011; USA Moderate Strong Moderate Moderate Weak Moderate

Rosa et al 2016; Mexico Moderate Strong Moderate Moderate Moderate Moderate

Sausenthaler et al 2009; Germany Moderate Strong Strong Moderate Moderate Moderate

Sternthal et al 2009; USA Moderate Strong Moderate Strong Moderate Moderate

Turcotte-Tremblay et al 2014;
Canada

Moderate Strong Moderate Moderate Weak Moderate

Wang et al 2013; Taiwan Moderate Strong Moderate Moderate Moderate Moderate

Wen et al 2011; Taiwan Moderate Strong Moderate Moderate Moderate Moderate

Wood et al 2011; USA; Moderate Strong Moderate Moderate Moderate Moderate

Wright et al 2010; USA Moderate Strong Moderate Strong Moderate Moderate

The overall risk assessment was based on the component risk assessments (i.e., on the suitability of the study design for the research question, validity of exposure and
outcome assessments, potential for selection bias, adjustment for confounding factors).
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Figure S1 Causal diagram describing the association between maternal prenatal stress and risk of
allergy and asthma in the offspring

Maternal
prenatal
stress

Offspring
allergy/asthma

Potential confounding factors
Maternal asthma/allergy, smoking,

socio-economic status, maternal body
mass index, maternal occupation,

maternal acid reflux disease, maternal
use of antibiotics, pregnancy

complications, parity
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Figure S2. Association between maternal prenatal stress and risk of allergic rhinitis in
the offspring, by timing of exposure during pregnancy: No major differences when
Hartwig 2014’s 6-year-olds and 14-year-olds were analysed separately, hence we
presented the results for 14-year-olds
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Figure S3. Funnel plot investigating the presence of publication bias or small study effect
in studies on the association between maternal prenatal stress and risk of allergy and
asthma in the offspring
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