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Abstract
Purpose  Exposure to prenatal stress has been reported to affect the risk of adverse neurodevelopmental outcomes in the 
offspring; however, there is currently no clear consensus. The aim of this systematic review and meta-analysis was to examine 
the existing literature on the association between prenatal stress and autism spectrum disorder (ASD) and attention-deficit 
hyperactivity disorder (ADHD) in the offspring.
Methods  Based on a registered protocol, we searched several electronic databases for articles in accordance with a detailed 
search strategy. We performed this study following the Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA).
Results  Prenatal stress was significantly associated with an increased risk of both ASD (pooled OR 1.64 [95% CI 1.15–2.34]; 
I2 = 90%; 15 articles) and ADHD (pooled OR 1.72 [95% CI 1.27–2.34]; I2 = 85%; 12 articles).
Conclusions  This study suggests that prenatal stress may be associated with ASD and ADHD; however, several limitations 
in the reviewed literature should be noted including significant heterogeneity and there is a need for carefully controlled 
future studies in this area.

Keywords  Autism spectrum disorder · Attention-deficit/hyperactivity disorder · Prenatal maternal stress · Pregnancy · 
Mental health

Introduction

Prenatal maternal stress is a low or negative state of well-
being in pregnancy [1]. “Stress” in this context includes neg-
ative life events, anxiety and depressive symptoms. Feelings 
of stress, anxiety and depression are distinct though highly 
correlated constructs, all belonging to the domain of nega-
tive emotions. The prevalence of depression, anxiety, and 
stress in pregnancy has been estimated at 12%, 28% and 
31%, respectively [2]. These have been suggested to influ-
ence neurobehavioural outcomes in exposed offspring [3, 4].

Autism spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD) are two of the most com-
mon neurodevelopmental disorders. ASD has a prevalence 
of 1.7% [5] and is characterised by social deficits, impaired 
communication, and stereotyped and repetitive behaviours 
[6, 7]. ADHD has a prevalence of 5.3% that is character-
ised by inattention, hyperactivity and impulsivity behaviour 
[8]. While genetics is crucial in their aetiology [9, 10], a 
population-based Swedish study has estimated the environ-
mental variance for ASD at 17% [11]. In addition, ADHD 
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heritability has been reported at 70–80%, suggesting that 
environmental exposures may also play a role [12, 13].

There is a growing literature examining the associa-
tion between prenatal maternal stress and risk of ASD and 
ADHD in the offspring [14–16]. For example, large popu-
lation-based studies have reported significant associations 
between prenatal exposure to bereavement and increased risk 
of ASD [15, 17] and ADHD [18]. Others have reported that 
antenatal depressive symptoms were related to an increased 
risk of ADHD [19]. Moreover, some studies have also 
attempted to understand the influence of gestational age of 
exposure [20, 21]. For example, two population-based Dan-
ish studies reported an increased risk of ASD and ADHD 
in children following maternal exposure to bereavement in 
the third trimester [15, 18]. Therefore, evaluating the tim-
ing of the prenatal stressor is important, because trimester-
specific associations may increase the probability of a causal 
association [22]. However, there are inconsistencies in the 
literature, with some studies finding no association between 
prenatal maternal stress and ASD and ADHD risk [23, 24]. 
Moreover for those studies that have reported an association, 
there is no clear consensus on the critical gestational period 
[17, 25, 26].

Therefore, the aim of this systematic review and meta-
analysis was to examine the association between prenatal 
maternal stress and ASD or ADHD risk in the offspring 
using available data from the published literature.

Methods

Protocol and search strategy

The study protocol was registered on PROSPERO 
(CDR42018084222) and subsequently published [27]. The 
prenatal stress exposure was defined as a psychological or 
environmental stress such as stressful life events, maternal 
bereavement, anxiety or depressive symptoms, traumatic 
events and natural disasters. The outcome measures are 
ASD or ADHD that could be, for example, based on medical 
records or parent reporting. In accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-Analysis 
(PRISMA) [28], a systematic literature search in PubMed, 
PsycINFO, Web of Science, EMBASE and SCOPUS was 
conducted by the first author (NM) from inception until 
March 24th, 2018.

Observational studies (cohort studies and case–con-
trol studies) evaluating the association between prenatal 
maternal stress and the risk of ASD or ADHD at any time 
before or during pregnancy or in any particular trimester 
were considered for inclusion. Cross-sectional study design 
was included in the search strategy for completeness and 
to ensure all relevant cohort studies are identified. The 

principles of the Boolean logic (AND, OR, or NOT) were 
used to combine search terms related to the exposure (pre-
natal stress) and the outcomes (ASD and ADHD) and using 
Medical Subject Headings as follows: (Prenatal OR Ante-
natal OR Pregnant) AND (Stress) OR (Distress) OR (Anxi-
ety) OR (Bereavement) AND (Offspring OR Child) AND 
(Autism spectrum disorder) OR (Attention-deficit/hyperac-
tivity disorder). The detailed search strategy is presented in 
the supplementary Appendix 1. The literature search was 
not limited to humans although only human studies were 
included in the review and there was no language restriction. 
The authors hand checked the bibliographies of the included 
studies for further potentially eligible studies.

Study selection

Two investigators (NM and GWOK) independently screened 
the titles and abstracts for all articles to identify potentially 
eligible studies. Titles and abstracts obtained from each 
database were stored and managed in Endnote Reference 
Manager X8© and duplicates were excluded using the End-
note function “remove duplicates”. The two investigators 
independently examined the full texts of potentially relevant 
articles.

Data extraction

Two investigators (NM and FB) extracted data using a stand-
ardised data extraction form. Extracted data included author, 
year of publication, study design, study outcome, exposure 
(exposure type, timing and duration), offspring gender, 
data sources, sample size, definition of the outcome used, 
exclusion criteria, crude and adjusted estimates (if reported, 
including the RR, OR, HR and 95% CI). Authors of three 
studies [29–31] were contacted for further data, with a reply 
obtained only from one [31].

Bias and quality assessment

Included studies were critically appraised by two investi-
gators independently (NM and KMS) using the Cochrane 
collaboration’s tool for observational studies [32], which 
considers six domains: selection bias, exposure, outcome 
measurement, statistical analysis, study attrition and con-
founding. Each study was classified as having a high, mod-
erate, low, minimal or not reported risk of bias for each 
domain. Then, each study was rated as having high, mod-
erate or low risk of bias, according to the total of the six 
domains. For example, those with all six domains rated as 
minimal or low were classified as low-risk bias studies.

Disagreements regarding study eligibility, data extraction 
or risk of bias assessment were resolved by discussion with 
another investigator (ASK).
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Statistical analysis

All statistical analyses were performed using Review Man-
ager software (Cochrane Collaboration Software, RevMan 
5.3). Random-effects models using the generic inverse vari-
ance method were performed to calculate the pooled odds ratio 
(OR) estimates and 95% CIs of the association between prena-
tal stress and the risk of ASD and ADHD. The analyses were 
performed for ASD and ADHD separately including all the eli-
gible studies identified in the systematic review. The crude and 
adjusted pooled estimates were displayed using forest plots. 
The adjusted pooled estimates were based on the adjusted esti-
mates as defined in each included study. Furthermore, a sensi-
tivity analysis was performed including studies that reported 
both crude and adjusted estimates. Statistical heterogeneity 
was assessed using the I2 statistic and the alpha of 0.05 for 
statistical significance, according to the Cochrane Handbook 
for Systematic Reviews threshold recommendations [32].

The following a priori subgroup analyses were performed 
when relevant data were available: [1] for timing of stress 
exposure (e.g. first trimester vs second trimester vs. third tri-
mester); [2] according to gender (male vs female); [3] accord-
ing to different types of stress (objective vs subjective stress); 
[4] according to study design (cohort vs case–control); and 
[5] according to the study quality (minimal/low vs moderate/
high).

Another subgroup analysis considering only the studies that 
investigated the association between antenatal depressive or 
anxiety feelings and the risk of ASD and ADHD was per-
formed as post hoc analysis.

The likelihood of publication bias was examined using a 
funnel plot of the pooled OR and standard error (SE). The 
Egger test was performed to obtain the p value of the asym-
metry of the funnel plot using the comprehensive meta-anal-
ysis. Publication bias was examined when ten or more studies 
were included in the meta-analysis. Moreover, the trim and fill 
method, with the aim of identifying potentially missing studies 
and correct for funnel plot asymmetry arising from publication 
bias, was performed as a post hoc analysis.

Ethical considerations

This systematic review and meta-analysis does not contain any 
studies with human participants or animals performed by any 
of the authors and as such ethical approval was not required.

Results

Search results and study characteristics

The systematic literature search produced 511 unique results 
on prenatal stress and ASD after removing the duplicates, of 

which 22 studies were considered potentially relevant and 
the full text was obtained (Fig. 1a). Following reviewing 
the full text of the 22 articles, nine were excluded because 
they did not meet the inclusion criteria (reasons for exclu-
sion are reported in Fig. 1a), resulting in 13 eligible studies. 
After reviewing the reference lists of eligible studies, we 
obtained two further studies [33, 34]; therefore, a total of 15 
studies were included (Fig. 1a). A similar approach resulted 
in 12 eligible articles on ADHD (Fig. 1b). Were unable to 
obtain the full text of a Chinese study although we sent the 
corresponding author two emails [35]. The hand search of 
the reference lists of eligible studies did not yield additional 
studies. The characteristics of the included studies for ASD 
and ADHD are reported in Table S1 and Table S2 in the 
supplementary file. The oldest study was published in 1990 
[36] and the most recent studies in 2016 [19, 33, 37]. For 
ASD, we found 11 case–control studies and 4 cohort stud-
ies, while for ADHD we found 7 case–control studies and 
5 cohort studies.

Results of the meta‑analyses

ASD: primary analysis

15 studies [15, 17, 19, 23, 25, 26, 33, 34, 36–42] reported the 
OR, HR or RR with 95% CI or the raw data that enabled the 
calculation of the OR. One study [23] used two cohorts from 
Sweden and England and we considered them as two sepa-
rate studies for the purposes of the meta-analysis. Moreover, 
for another study [26] we included two estimates: we used 
the less exposed group as a reference group, when compar-
ing it with the higher exposed (Kinney 2008a) and moderate 
exposed (Kinney 2008b) groups. The overall meta-analysis 
was based on 17 estimates suggesting a significant associa-
tion between prenatal stress and ASD (crude OR 1.65 [95% 
CI 1.31–2.09]; I2 = 86%). The meta-analysis including the 
studies that reported adjusted estimates [15, 17, 23, 25, 34, 
39–41] (nine estimates) showed a similar result (OR 1.64 
[95% CI 1.15–2.34]; I2 = 90%). When the meta-analysis was 
restricted to adjusted estimates, a statistically significant OR 
(OR 3.59 [95% CI 2.02–6.38], I2 = 65%) was returned for 
case–control studies [34, 39–41], but there was no evidence 
of an association in the cohort studies (OR 1.06 [95% CI 
0.91–1.24], I2 = 43%) [15, 17, 23, 25]. The test for subgroup 
differences between cohort and case–control studies was sta-
tistically significant (p = 0.001; I2 = 93.7%).

In an analysis that included the nine studies which 
reported both the crude and the adjusted estimates, the 
results were largely unchanged (Figure S1 in the supplemen-
tary). However, three studies [34, 39, 41] made an adjust-
ment for unclear or limited number of potential confounders 
(socio-economic factors, such as family income [39]; liv-
ing close to an industry, age and sex of the child, previous 
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childhood infection [41]; paternal age at delivery, gender 
and birth year [34]), and the exclusion of those studies from 
the adjusted model resulted in a lower OR (OR 1.12 [95% 
CI 0.93–1.34]) (Fig. 2).

ADHD: primary analysis

Twelve studies [15, 16, 18, 19, 29, 30, 33, 43–47] evaluat-
ing the association between prenatal stress and the risk of 
ADHD were included in the meta-analysis. One study [44] 
reported two separate estimates for the inattentive (ADHD-
I) and the combined (ADHD-C) ADHD subtypes that are 
reported separately in the meta-analysis. The crude meta-
analysis was based on 12 estimates and indicated that prena-
tal stress was significantly associated with ADHD (OR 2.69 
[95% CI 1.85–3.91]; I2 = 80%). The meta-analysis including 
the adjusted estimates [15, 18, 29, 30, 44–46] (eight esti-
mates) showed lower but still statistically significant associa-
tion (OR 1.72 [95% CI 1.27–2.34]; Fig. 3). The results were 
similar for case–control studies [19, 33, 43, 44, 46, 47] (OR 
2.70 [95% CI (2.04–3.58], I2 = 17%) and cohort studies [15, 
16, 18, 30, 45] (OR 2.47 [95% CI 1.33–4.60], I2 = 84%).

The adjusted results from four cohort studies [15, 18, 
30, 45] (OR 2.00 [95% CI 1.12–3.59], I2 = 82%) and 
four case–control studies [29, 44, 46] (OR 1.96 [95% CI 
(0.95–4.04], I2 = 84%) were similar. When considering only 
the studies which reported both the crude and the adjusted 

estimates, the results were similar (Figure S2). Although 
several studies reported adjusted estimates on prenatal 
stress and ADHD, the majority adjusted for 1–3 potential 
confounders such as child gender [46], child age, sex and 
socio-economic status [45], anxiety before birth [30], pre-
term delivery and intensive care [44]. After excluding these 
studies [29, 30, 44–46], only two studies [15, 18] remained 
in the adjusted meta-analysis (OR 1.37 [95% CI 0.99–1.91], 
I2 = 54%).

Additional pre‑specified subgroup analyses on ASD

Subgroup analyses were conducted on adjusted estimates 
and are presented in Table 1.

The type of stress subgroup analysis resulted in a sig-
nificant association for the subjective stress subgroup [34, 
39–41] but not for objective stress subgroup [15, 17, 23, 
25]. It should be noted, however, that all the studies which 
used subjective measures of stress were case–control studies.

Moreover, a post hoc meta-analysis of three case–con-
trol studies [34, 39, 41], which investigated the association 
between prenatal depressive symptoms and ASD, found an 
almost fivefold increased odds of ASD. We found a signifi-
cant association between prenatal stress and ASD in studies 
where ASD was based on ICD or DSM codes [15, 17, 23, 
34, 41]; studies using rating scales [25, 39, 40] resulted in 
a larger but statistically non-significant association. Only 

Fig. 1   Flowchart of the included studies for ASD (a) and ADHD (b)
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two studies [15, 17] performed separate analyses for each 
trimester of pregnancy resulting in a significant association 
between stress in the third trimester and ASD. Five studies 
[15, 17, 23, 25, 34] (six estimates) were considered having 
low risk of bias showing no association between prenatal 
stress and ASD, while three studies [39–41] were consid-
ered having moderate risk of bias resulting in a threefold 
increased odds of ASD. Only two studies [15, 17] assessed 
the effect of stress in boys and girls separately and reported 

no evidence for sex-specific associations. Subgroup analysis 
was not performed because only one study reported the data.

Additional pre‑specified subgroup analyses on ADHD

Subgroup analyses were performed on adjusted estimates 
and are presented in Table 2.

The subgroup analyses based on the type of stressor 
showed a statistically significant association for subjective 

Fig. 2   Forest plot for crude and adjusted estimates stratified by study design—ASD
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stress measures and increased but not statistically signifi-
cant odds of ADHD in relation to objective stress. Three 
studies assessed the odds of ADHD based on maternal 
report [30, 45, 46] (i.e. structured interview) and resulted 
in a statistically significant association, while studies using 
a clinical record [15, 18, 29, 44] based on the diagnostic 
and statistical manual of mental disorders (DSM) or the 
International Classification of Diseases (ICD) showed a 
non-significant association. Only two studies performed 
separate analyses for each trimester of pregnancy [15, 
18]. The two studies revealed a non-significant association 
between stress and ADHD in all the periods considered, 
without differences between the four periods. Two stud-
ies [15, 18] were considered as having low risk of bias 
resulting in a non-significant association between prenatal 
stress and ADHD and five studies [29, 30, 44–46] (six 
estimates) were considered as having moderate risk of bias 
resulting in more than twofold increased odds of ADHD. 
Only two studies [15, 18] assessed the effect of stress in 
boys and girls separately but subgroup analysis on gender 

differences was not performed because one of them did 
not report the data.

Publication bias

The presence of asymmetry in the funnel plot of the adjusted 
results (figure S3A and S3B) was established with the Egg-
er’s test for both ASD and ADHD (p for publication bias 
= 0.046 and p = 0.0003, respectively). We used the ‘trim 
and fill’ method to correct for funnel plot asymmetry aris-
ing from publication bias. In the ADHD meta-analysis, four 
missing studies were suggested (Figure S4), leading to a 
significantly lower pooled OR [from 1.72 (1.27, 2.34) to 
1.22 (0.91–1.62)]. In ASD meta-analysis, the trim and fill 
method did not suggest missing studies.

Heterogeneity and quality assessment

High heterogeneity for both ASD (I2 = 90%) and ADHD 
(I2 = 85%) was found in the adjusted estimates. The high 

Fig. 3   Forest plot for crude and adjusted estimates stratified by study design—ADHD
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Table 1   Subgroup analyses of the impact of prenatal stress on ASD

*p<0.05

Study characteristics Number of esti-
mates (articles)

Sample size (exposed) Outcomes Pooled OR (95% CI) I2% Test for subgroup 
differences—p 
value

Overall unadjusted n = 17 (15) 2,668,609 (150,964) 15,130 1.65 (1.31–2.09)* 86% –
Overall adjusted n = 9 (8) 2,346,200 (45,884) 14,266 1.64 (1.15–2.34)* 90% –
Design 0.0001
 Cohort n = 5 (4) 2,344,483 (45,424) 13,763 1.06 (0.91–1.24) 43%
 Case–control n = 4 (4) 1717 (336) 460 3.59 (2.02–6.38)* 65%

Type of Stress 0.0001
 Objective n = 5 (4) 23,44,483 (45,424) 13,763 1.06 (0.91–1.24) 43%
 Subjective n = 4 (4) 1717 (336) 460 3.59 (2.02–6.38)* 65%

ASD definition 0.58
 Rating scale n = 3 (3) 56,039 (1512) 787 1.85 (0.63–5.41) 89%
 DSM or ICD n = 6 (5) 2,290,161 (44,372) 13,479 1.34 (1.01–1.80)* 85%

Time of exposure 0.49
 Before pregnancy n = 4 (4) 2,333,329 (21,510) 451 1.12 (0.85–1.48) 53%
 1st trimester n = 2 (2) 2,230,853 (10,823) 30 1.18 (0.82–1.70) 0%
 2nd trimester n = 2 (2) 2,230,853 (11,972) 31 1.08 (0.76–1.54) 0%
 3rd trimester n = 2 (2) 2,230,853 (11,488) 49 1.48 (1.12–1.97)* 0%

Study quality 0.002
 High quality n = 6 (5) 2,344,673 (45,812) 14,180 1.15 (0.91–1.46) 76%
 Moderate quality n = 3 (3) 1527 (241) 422 3.22 (1.77–5.87)* 74%

Table 2   Subgroup analyses of the impact of prenatal stress on ADHD

*p<0.05

Study characteristics Number of esti-
mates (articles)

Sample size (exposed) Outcomes Pooled OR (95% CI) I2% Test for subgroup 
differences—p 
value

Overall unadjusted n = 12 (11) 1,760,174 (36,843) 25,677 2.69 (1.85–3.92)* 80 –
Overall adjusted n = 8 (7) 1,758,906 (27,172) 25,215 1.72 (1.27–2.34)* 85 –
Design 0.96
 Cohort n = 4 (4) 1,756,944 (26,821) 24,956 2.00 (1.12–3.59)* 82
 Case–control n = 4 (3) 1242 (351) 259 1.96 (0.95–4.04) 84

Type of Stress 0.50
 Objective n = 3 (3) 1,574,278 (26,758) 24,643 1.77 (0.94–3,33) 81
 Subjective n = 5 (4) 4628 (414) 572 2.44 (1.23–4.85)* 86

ADHD definition 0.0001
 Rating scale n = 3 (3) 3830 (141) 417 4.36 (2.52–7.54)* 0
 DSM or ICD n = 5 (4) 1,755,076 (27,151) 24,798 1.25 (0.99–1.58) 78

Time of exposure 0.34
 Before pregnancy n = 2 (2) 1,754,056 117 1.11 (0.69–1.70) 81
 1st trimester n = 2 (2) 1,754,056 36 0.89 (0.64–1.23) 0
 2nd trimester n = 2 (2) 1,754,056 49 1.26 (0.76–2.11) 32
 3rd trimester n = 2 (2) 1,754,056 75 1.76 (0.81–3.083) 68

Study quality 0.09
 High quality n = 2 (2) 1,754,056 (26,719) 24,591 1.27 (0.90–1.79) 57
 Low quality n = 6 (5) 4850 (453) 624 2.47 (1.24–4.92)* 87
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heterogeneity was not explained in the subgroup analyses. 
All studies were evaluated using a bias classification tool 
suitable for observational studies. Based on this tool, most 
studies were considered high in overall bias (Appendix 2) 
due mostly to inadequate adjustment for confounding, small 
sample size or inadequate assessment of exposure (for exam-
ple, retrospective studies up to 5–12 years after pregnancy).

Discussion

The overall findings of the meta-analysis showed an asso-
ciation between prenatal stress exposure and an increased 
risk of both ASD and ADHD; however, it is important to 
interpret this result with caution. Specifically, the adjusted 
pooled results show 64% increased odds of ASD in children 
exposed to prenatal stress. However, it is important to note 
the results of the subgroup analyses which revealed that the 
association was significant only in case–control studies and 
studies using subjective measures of stress and studies that 
were rated low to moderate quality. Importantly, for cohort 
studies using objective measures of stress which were rated 
as high quality, pooled estimates did not support an asso-
ciation between prenatal stress and risk of ASD. Moreo-
ver, studies that were rated high quality, and studies using 
ICD or DSM ADHD diagnosis did not support an associa-
tion between prenatal stress exposure and increased risk of 
ADHD. The significant heterogeneity for both ASD and 
ADHD meta-analyses adds further doubt about the likeli-
hood of a causal association. It is, however, worth noting that 
the pooled results from the two largest cohort studies to date 
on prenatal stress and ASD (studies of high quality) [15, 17] 
suggested an association between bereavement in the third 
trimester and 48% increased risk of ASD. Similarly, there 
was an indication of an increased risk of ADHD in relation 
to prenatal stress in the third trimester, although not statisti-
cally significant.

Mechanisms

Our third trimester association is interesting given other 
findings showing exposure to third trimester prenatal mater-
nal psychosocial stress was associated with the greatest 
increased risk of asthma and allergy in the offspring [48]. 
Similarly, third trimester exposure to prenatal stress has been 
linked with a range of other adverse outcomes in exposed 
offspring [49, 50]. Recent data have shown that maternal 
immune activation in women at risk of high  stress  and 
inflammation is associated with neonatal functional brain 
connectivity and offspring behaviour [51], suggesting a 
potential inflammatory involvement. However, there is a 
need for further study to identify the biological basis of this 
association and whether the third trimester effect reflects 

a trimester-specific effect or cumulative stress exposure 
throughout pregnancy.

Strengths and limitations

The strengths of the current study included the use of a pre-
prepared, registered and published protocol following the 
PRISMA guidelines throughout the systematic review stages 
and the meta-analysis [28]. The review process involved 
comprehensive searching of five databases with no language 
restriction, supplemented by hand searching the bibliogra-
phies of the eligible studies. We also contacted authors for 
additional information when necessary. The comprehensive 
search strategy was evidenced in the fact that hand searching 
the reference lists resulted in only two more studies being 
found.

This review revealed serious limitations in the literature 
on prenatal stress and ASD and ADHD. Half of the stud-
ies reporting adjusted results were case–control studies, 
which may be subject to recall bias, therefore, exaggerat-
ing the association between prenatal stress and ASD and 
ADHD. The majority of the studies did not adjust for key 
potential confounders such as family history of mental ill-
ness, maternal and paternal age, and socio-economic status. 
Even though several studies reported adjusted estimates, in 
most cases the adjustment was inadequate and limited to 
few potential confounders. The association between prenatal 
stress and neurodevelopmental outcomes may be sex specific 
and we were not able to explore this hypothesis due to the 
lack of available data [52, 53]. Five studies on ASD and six 
on ADHD included less than 100 cases, which may have led 
to exaggerated associations. Several studies were case–con-
trol, with a small sample size, using subjective measures of 
stress likely leading to recall bias and exaggerated associa-
tions [54]. Only two studies examined the trimester-specific 
association and this did not allow us to make robust con-
clusions on the trimester-specific hypothesis in relation to 
prenatal stress and neurodevelopmental outcomes.

In addition, the methods used to assess neurodevelopmental 
outcome may have influenced the pooled estimates. A com-
prehensive assessment conducted by an experienced clinician 
is the diagnostic gold standard [55, 56]. However, while diag-
nostic criteria for ASD are based on the extensive empirical 
research and have good validity and reliability, the data on 
ADHD validity are far less clear. Problematic aspects include 
lack of physical or psychological markers, high comorbidity 
rates or inconsistent clustering of symptoms, and particularly 
difficulty in differentiating normal symptoms from patho-
logical ones [57]. Moreover, children who have not formed 
strong attachments with their primary caregiver(s) may exhibit 
coercive behaviour that functions in a self-protective manner 
when faced with disoriented/disorienting parental behav-
iours [58, 59]. In these instances, parental self-reports of 
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child hyperactivity may pathologise a behaviour that would 
not manifest in more secure and/or predictable parent–child 
relationships.

The assessment of prenatal maternal stress in the reviewed 
studies is an additional limitation. The definition of stress 
used in the introduction of this article (as “stress, anxiety and 
depression”) is unavoidably wide and generic, but is in line 
with the majority of the studies examined. In effect, stress is a 
complex but not well-defined concept [60] that can be assessed 
in different ways: detecting somatic responses, assessing life 
events, or assessing participant-perceived stress. Despite this 
it has been noted that focusing on a single psychological con-
struct, such as stress, anxiety or depression during pregnancy, 
overestimates its importance within what can be considered a 
spectrum of prenatal maternal distress [60]. Thus, a broader, 
multi-component approach, which can include different meas-
urements, is appropriate in this context. While some preg-
nancy-specific tools have been associated with better obstetric 
outcomes [61, 62], several reviewed studies assessed stress 
exposure using unspecific self-report questionnaires, asking 
simple and generic questions on prenatal risk factors. Only 
nine studies [15–19, 23, 25, 38, 43] used validated psychomet-
ric tools or considered bereavement or natural disasters, which 
have been established as stressors in the existing literature 
[63, 64]. Variability in conceptualisation and measurement 
of stress introduces uncertainty about the observed effects on 
ASD and ADHD. Furthermore, there is often incongruence 
between self-report measures and biomarkers of stress, thus 
limiting inferences that can be made about potential psycho-
biological mechanisms of effect in those studies which only 
included maternal self-report; self-report is also subject to 
recall bias, potentially exaggerating the association between 
prenatal stress and ASD and ADHD. Finally, most of the data 
were derived from mother’s answers to self-reports question-
naires, and only in one study [45] both parents were included 
as sources of information or, in a second one, the marriage-
related risk factors were explored [29].

Considering these limitations, we cannot yet draw defini-
tive conclusions about whether exposure to prenatal stress 
increases the risk of ASD or ADHD in the offspring based 
on the available evidence. However, if well-designed future 
studies confirm any such association, the results would be of 
crucial importance to design specific psychological interven-
tions during pregnancy aimed at reducing stress, anxiety and 
depression with the view to ultimately reducing the risks of 
adverse neurodevelopmental outcomes in children.

Conclusion

This systematic review and meta-analysis suggest that pre-
natal stress exposure may be related to an increased risk of 
ASD and ADHD in the offspring, especially in the third 

trimester of pregnancy; however, we identified substan-
tial limitations in the literature that makes difficult to draw 
robust conclusions. The focus of future research should be 
on conducting robust and well-designed longitudinal epide-
miological studies addressing the limitations in the current 
literature.
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