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Abstract
Prenatal maternal stress (PNMS) is defined as theBackground: 

experience of significant levels of prenatal stress, depression or anxiety
during pregnancy. PNMS has been associated with increased risk of autism
spectrum disorder (ASD) and attention-deficit hyperactivity disorder
(ADHD) in exposed offspring. However, these findings are inconsistent and
other studies found no association, meaning a clear consensus on the
impact of PNMS on ASD and ADHD risk is required. The purpose of this
systematic review and meta-analysis is to summarize and critically review
the existing literature on the effects of PNMS on ASD and ADHD risk.

Electronic databases (PubMed, PsycINFO, Web of Science,Methods: 
Scopus and EMBASE) will be searched for articles following a detailed
search strategy. We will include cohort and case-control studies that
assessed maternal exposure to psychological and/or environmental stress
and had ASD or ADHD as an outcome. Two reviewers will independently
screen the titles, abstracts and full articles to identify eligible studies. We
will use a standardised data extraction form for extracting data and a bias
classification tool for assessing study quality. This systematic review will be
reported according to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA). The generic inverse variance method will be
used if possible to perform meta-analyses.

Ethical approval is not required for this studyEthics and dissemination: 
because it will not involve the conduct or inclusion of any experimental or
personal data that would require informed consent.  The systematic review
will be disseminated in peer-reviewed journals.
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Introduction
Description of the exposure
A growing body of evidence increasingly supports the hypoth-
esis that indicates that early adverse experiences, including 
maternal stress during pregnancy, may have a significant effect 
on the fetal and postnatal brain development and subsequent  
organization of behaviour1. Prenatal maternal stress (PNMS)  
refers to a status of low or negative well-being experienced  
during pregnancy. The term “stress” in this context often covers  
negative life events, anxiety and depressive feelings, and the  
prevalence of depression, anxiety, and stress in pregnant women  
has been estimated at 12%, 28% and 31%, respectively2. Stress-
ful life events may include significant daily stressors and high 
stress perception at individual level, but may also include mas-
sive stress events such as natural disasters at the population level. 
A number of studies have reported an association between PNMS 

and increased risk of psychopathology in children3–6. Specifically 
a number of studies have reported that maternal exposure 
to significant life stressors (such as bereavement, job loss, 
divorce, trauma) at critical periods during pregnancy may change  
neurobehavioral outcomes in exposed offspring7–11.

Description of the outcomes
Attention-deficit/hyperactivity disorder (ADHD) is a neurode-
velopmental disorder that affects up to 1 in 20 children in the  
USA12. It is a developmental condition characterized by  
inattention, hyperactivity and impulsivity behaviour. These 
symptoms often continue into adulthood and can significantly  
impact quality of life13. Autism spectrum disorder (ASD) is  
another lifelong neurodevelopmental disorder characterized by  
three behaviourally altered domains including social deficits, 
impaired communication, and stereotyped and repetitive  
behaviours14, and these symptoms begin in early childhood15,16. 
The aetiological basis of these disorders is complex and  
multifactorial, and while twin studies show that genetic factors  
play a key role17,18, environmental factors, such as PNMS, have  
also been proposed to play a role in their aetiology19.

In support of this, there is a growing literature reporting an  
association between PNMS and increased risk of these neurode-
velopmental disorders in exposed offspring4–6,20. For example, 
Class et al. reported an increased risk of ADHD in offspring 
of mothers exposed to the death of a first-degree relative during  
pregnancy20. Van Batenburg et al. found that maternal antenatal 
depressive symptoms were related to attention problems  
in affected children at 3–4 years of age21. Moreover, exposure to 
prenatal maternal anxiety has also been reported to be signifi-
cantly associated with ADHD symptoms in early childhood22.  
Accumulating evidence suggests that the impact of PNMS 
and other environmental factors on the development of the 
fetal brain is dependent on the gestational stage at which the  
exposure occurs23–25. Accordingly, evaluating the timing of 
the exposure to the stressor is particularly important, because  
associations during a specific time increase the probability of 
a causal association26. For example, Li et al. found an asso-
ciation between preconception stress (experienced 0–6 months 
before pregnancy) and increased risk of ADHD, but only in 
male offspring6, while Class et al. found an increased risk of 
ASD and ADHD in children whose mothers were exposed to  
bereavement during the third trimester of pregnancy20.

However, there are inconsistencies in the literature regarding 
the association between PNMS and neurobehavioral outcomes 
in affected offspring, with some studies finding no association 
between PNMS and the risk of neurodevelopmental disorders in 
the offspring27–29. Moreover for those studies that have reported 
an association between PNMS and adverse neurodevelopmen-
tal outcomes in the offspring, there is no clear consensus on the  
period of gestation that is most critical27,28,30.

Why it is important to perform this review
Developing a clear consensus on this issue is important as  
identifying children at increased risk of ASD and ADHD may  
allow for greater paediatric surveillance of those most at risk to 
facilitate early intensive behavioural interventions, which can 

            Amendments from Version 1

We thank the reviewers for reviewing our protocol. We addressed 
the comments as follows, with detailed responses to each report:

In response to Dr Lopez’s and Dr Clarke’s comments, we made this 
change in the Discussion:
“In addition, another limitation may be the presence of confounding, 
such as maternal age, maternal smoking or alcohol abuse during 
pregnancy, paternal age, family history of  mental illness and 
family’s socio-economic status.”

In response to comments from Dr Simcock we made these changes 
in:
Introduction
“Stressful life events may include significant daily stressors and 
high stress perception at individual level, but may also include 
massive stress events such as natural disasters at the population 
level.”

And Methods’ ‘Exposure’ section:
“PNMS will be defined as any psychological or environmental 
type of  stress such as stressful life events, natural disasters, 
significant life events, maternal bereavement, anxiety feeling or 
traumatic stress measured by:”

In response to comments from Dr Allen, we made these changes 
in:
Introduction:
“This intervention has been reported to lead to long-term 
improvements in parenting behaviour and in child outcomes 
(including but not limited to the reduction of  anger and criminal 
behaviours)”. 

Methods:
“Prenatal maternal depression will be defined according to 
screening scales, such as the Hamilton depression rating scale 
(HDRS), the Beck Depression Inventory (BDI), the Patient Health 
Questionnaire (PHQ), the Centre for Epidemiologic Studies 
Depression Scale (CES-D). If  possible, we will perform a 
subgroup analysis including studies on prenatal maternal 
depression and ASD or ADHD. This analysis will be clearly 
highlighted as post-hoc depending on the available data.”

In response to comments from Dr Aune, we made this change in 
the Methods:
“Studies in other languages with an English abstract will be 
described and reported in the review, and when possible, the full 
text of  the article will be translated into English”.

See referee reports

REVISED
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improve behavioural outcomes31–34. For example, the Early Start 
Denver Model is a behavioral intervention aimed at improving  
cognitive, social and behavioral outcomes of toddlers diag-
nosed with ASD. This intervention can improve cognitive 
and adaptive behaviour with reduction of the severity of the  
diagnosis31. Moreover, a consensus on this issue may underscore 
the need for alternative interventions during pregnancy aimed 
at reducing stress, anxiety and depression35,36. Currently there 
is only one intervention that starts during pregnancy, involving  
multiple home visits by qualified nurses, known as the Nurse  
Family Partnership36. This intervention has been reported to 
lead to long-term improvements in parenting behaviour, as well 
as in child outcome, (including but not limited to the reduc-
tion of anger and criminal behaviours)37. Accordingly, a better 
knowledge of risk factors for neurodevelopmental disorders 
may allow increased screening and early intervention for  
children exposed to PNMS, with the aim of improving their  
long-term neurodevelopmental outcome.

Rationale for current systematic review
Evidence suggests that PNMS can have a role in increasing the 
risk of ASD and ADHD9–11,20,38 and that antenatal depression 
symptoms could be related to child behavioural problems10,21.  
However, a number of studies reported no association 
between PNMS and adverse neurodevelopmental outcome in  
children27,28,30. Accordingly, the aim of this systematic review 
and meta-analysis is to summarise the existing literature on the  
effects of PNMS, anxiety and depression feelings on the risk 
of ASD and ADHD, and if possible, to provide a quantitative  
estimate of this relationship.

Research questions
The primary objective of this study will be to systematically 
report the evidence of an increased risk of ASD and ADHD in  
offspring exposed to PNMS.

The specific review questions to be addressed are:

1.    Is there a relationship between maternal exposure to 
objective or subjective stress and the risk of ASD in  
the offspring?

2.    Is there a relationship between maternal exposure to 
objective or subjective stress and the risk of ADHD in  
the offspring?

3.    Does the relationship between maternal exposure to 
stress and ASD and ADHD depend on the timing of the  
exposure to the stressor?

4.    Does the relationship between maternal exposure to 
psychological or environmental stress and the risk of  
ASD and ADHD depend on the sex of the offspring?

Methods
Systematic review to identify eligible papers
Study registration. This study has been registered with the  
international Prospective Register of Systematic Reviews  
(PROSPERO) under the registration number CRD42018084222.

Study design. According to the Preferred Reporting Items for 
Systematic review and Meta-analysis protocol (PRISMA-P)  
guidelines39, we will use a flow diagram to show the step by 
step study selection process and we will provide a rationale 
for those studies that are excluded studies. In addition we will 
report the descriptive characteristic of all studies included in the  
systematic review and we will report the meta-analysis results  
using a forest plot.

Ethics and dissemination. Ethical approval is not required for  
this systematic review and meta-analysis given that we will not 
include any experimental research on humans or include any  
identifying personal information which requires informed  
consent. The results of this systematic review and meta-analysis 
will be disseminated in peer-reviewed journals.

Types of studies. Cohort studies and case-control studies that 
assess maternal exposure to stressful events and the risk of ASD 
and/or ADHD diagnosis in the offspring, will be included in this 
review. The search will not be restricted by language, although 
we can only include studies in English and Italian because  
of limited resources. Studies in other languages with an English 
abstract will be described and reported in the review, and when  
possible, the full text of the article will be translated into English. 
Only studies published in peer-reviewed journals will be con-
sidered for the systematic review. Studies published every year 
from database inception until March 2018 will be considered. 
The following inclusion criteria in accordance with the PICOS 
principle (population, intervention, comparison, and outcome)  
will be considered.

Population. Studies evaluating women who have experienced  
stress or/and anxiety or depression symptoms at any time  
during pregnancy or in a particular trimester will be included.  
The search will not be restricted to humans, although only human 
studies will be included in the review.

Exposure. PNMS will be defined as any type of stress such as 
stressful life events, natural disasters, significant life events, mater-
nal bereavement, anxiety feeling or traumatic stress measured by:

a) Validated self-report questionnaire

b) Interview

c) Physiological parameters, such as hormone levels (e.g. prolactin, 
corticosteroids etc.).

d) Objective measures of stress and population level events

Prenatal maternal depression will be defined according to 
screening scales, such as the Hamilton depression rating scale, 
the Beck Depression Inventory, the Patient Health Question-
naire, the Centre for Epidemiologic Studies Depression Scale. 
If possible, we will perform a subgroup analysis including  
studies on prenatal maternal depression and ASD or ADHD. This 
analysis will be clearly highlighted as post-hoc depending on  
the available data.

Outcomes. A diagnosis of ASD or ADHD.
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Method for identifying studies for inclusion
Electronic searches. Two authors (NM and GWOK) will  
independently perform the search for relevant articles using 
PUBMED, PsycINFO, Web of Science, EMBASE and SCOPUS 
databases. In addition we will hand-check the bibliographies of 
studies selected for inclusion to identify if there are any other 
potentially eligible studies for inclusion.

Search strategy. We will use the following searching strategy:

(Prenatal OR Antenatal OR Pregnant) AND (Stress) OR  
(Distress) OR (Anxiety) OR (Bereavement) AND (Offspring 
OR Child) AND (Autism spectrum disorder) OR (Attention  
deficit/hyperactivity disorder).

The detailed search strategy is presented in Supplementary File 1.

Data collection, extraction and assessment
Study selection. Two authors (NM and GWOK) will independ-
ently screen the titles and the abstracts for all articles, in order to  
identify studies that potentially meet the inclusion criteria  
outlined above. The titles and abstracts obtained from each  
database will be collected and processed in Endnote X8®.  
Duplicates will be excluded using the Endnote function “remove 
duplicates”. The full texts of potentially relevant articles will 
be examined independently by both authors and it will be a  
requirement that all eligibility criteria be met in order to select  
each study for review.

Data extraction. Two authors (NM and FB) will independ-
ently extract data using a standardised data extraction form  
(see Supplementary File 2). Data extraction will include author  
and year of publication, study outcome, exposure (type, timing 
and duration), study design, offspring gender, data sources,  
cohort size, definition of the outcome used, exclusion criteria, 
crude and adjusted estimates [if reported, including the relative 
risk (RR), odds ratio (OR), hazard ratio (HR) and 95% confidence 
interval (CI)]. If disagreements occurs a third reviewer (ASK) 
will be included to resolve them where necessary. If the situation  
arises where data reported in the manuscripts selected for  
inclusion are insufficient or unclear for the purposes of analysis, 
NM will contact the authors of these studies by e-mail to request 
clarification or the missing data.

Assessment of risk of bias. A quality assessment tool will be 
used to critically appraise all included studies by two independent  
review authors (NM and KMS) (see Supplementary File 3). Risk 
of bias will be assessed with the Cochrane collaboration’s tool 
for observational studies40, considering six domains: selection  
bias, exposure, outcome measurement, statistical analysis, study 
attrition and confounding. Each domain will be assessed and  
study bias will be classified as having a high, moderate, low,  
minimal or unreported risk of bias for each domain. Each study 
will then be rated as having high, moderate or low risk of bias. 
For example, those with all six domains rated as minimal or low  
will be classified studies having a low-risk of bias.

Quantitative data synthesis. If possible, a meta-analysis will 
be performed in order to calculate a quantitative estimate of the  

relationship between PNMS and the risk of ASD and ADHD. The 
meta-analysis will be performed on all studies that report crude  
and/or adjusted estimates in the form of an OR, HR or RR, with 
95% CIs. The generic inverse variance method will be used for 
crude and adjusted results. In particular, studies reporting adjusted 
estimates will undergo a separate in unadjusted and adjusted 
models in order to evaluate potential study confounders. The  
analysis will be performed for ASD and ADHD separately.

The Review Manager (Cochrane Collaboration Software, Rev-
Man) 5.3 software will be used to perform statistical analysis and 
to combine results in a forest plot, using random-effect models. 
The pooled OR and standard error (SE) will be used to generate 
a funnel plot in order to estimate the likelihood of publication  
bias if 10 or more studies are included in the meta-analysis.

Statistical methods
Assessment of heterogeneity. Statistical heterogeneity will be 
assessed using the I2 statistic with an alpha of 0.05 for statisti-
cal significance, as per the Cochrane Handbook for Systematic  
Reviews threshold recommendations40. I2 reflects the percentage 
of total variation across studies that is attributable to heteroge-
neity rather than chance. An I2 negative or up to 0% suggests no  
observed heterogeneity. I2 between 0% and 25% represents 
low heterogeneity; I2 from 25% to 50% represents moderate 
heterogeneity; and 50% to 75% represents substantially high  
heterogeneity41.

Analysis of subgroups or subsets. If there are sufficient numbers 
of studies and data available, we will perform the following  
subgroup analysis:

1)   For timing of stress exposure (e.g. First trimester vs Second 
trimester vs. Third trimester);

2)   According to gender (male vs female)

3)   According to different type of stress (e.g. objective vs  
subjective stress);

4)   According to the study design setup (e.g. cohort studies vs  
case-control studies);

5)   According to study quality (e.g. those with minimal or low 
quality vs moderate to high quality).

Any additional analyses will be described as post-hoc. Additional 
subgroup and sensitivity analyses will be performed as appropriate 
to assess the causes of heterogeneity as appropriate.

Assessment of reporting biases. If a sufficient number of studies 
is available (at least 10 studies), we will assess publication bias 
using a funnel plot and Egger test. A funnel plot will be produced  
to estimate the likelihood of publication bias using the pooled  
OR and SE.

Current study status
The protocol was finalised in March 2018, the literature search was 
completed in April, data extraction and risk of bias assessment will 
be completed in May, the statistical analysis will be completed in 
June and we expect to finish the study in July 2018.
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Any protocol amendments will be stated in the review article. 
Any additional analyses will be reported in the review article and  
stated post-hoc.

Discussion
The goal of this systematic review and meta-analysis will review 
and systematically analyse the scientific literature examin-
ing the association between PNMS and risk of ASD and ADHD 
in exposed offspring. The underlying aim of this study is to  
identify potential aetiologies and possible contributors to ASD and  
ADHD outcomes in childhood. This may highlight the need 
for further work defining the impact of stress-reducing inter-
ventions in pregnancy on these adverse neurodevelopment  
outcomes36,42. These findings may also highlight the importance 
of routine screening of PNMS in pregnancy to allow for greater 
paediatric surveillance of offspring exposed to high levels of  
PNMS. The identification of high-risk infants may allow earlier 
behavioural intervention, which can improve neurodevelopmental 
outcome31–34.

Potential limitations
This study may have several limitations. First, the search will 
be restricted to English and Italian language literature only.  
Second, we will not include unpublished literature, possibly 
resulting in an increased risk of publication bias for the included 
studies, given that reports that describe a significant finding or a 
positive outcome have a greater probability of being published 
when compared to those that do not. However, it should be con-
sidered that unpublished studies (and studies written in languages  
other than English) are more likely to report non-significant or 
small effect sizes, thereby leading to a weakening of the overall  
estimate. Where possible, we will use a funnel plot for  
assessing the presence of publication bias. In addition, another 
limitation may be the presence of confounding, such as maternal 

age, maternal smoking or alcohol abuse during pregnancy,  
paternal age, family history of mental illness and family’s socio- 
economic status. We will make separate analyses for adjusted 
and unadjusted results and subgroup analyses in order to evaluate  
the potential role of these confounders.

Data availability
No data are associated with this article.
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ASK and GWOK conceived the idea of the study. All authors 
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the search strategy. Selection of the studies to include will be  
performed by NM and GWOK. Extraction of data from studies 
will be conducted by NM and FB. Statistical analyses will be  
performed by NM and ASK. All authors will be involved in the 
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All authors approved this submission. NM and ASK are the  
guarantors of the review.

Grant information
This work was conducted with the financial support of Science 
Foundation Ireland in the form of a research centre grant to the 
Irish Centre for Fetal and Neonatal Translational Research [Grant 
#: INFANT-12/RC/2272].  

The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

Supplementary material
Supplementary File 1: Strategies to search PUBMED, PsycINFO, Web of Science, EMBASE to identify cohort, cross-sectional and  
case–control studies to determine the association prenatal maternal stress and offspring neurodevelopmental disorders.

Click here to access the data.

Supplementary File 2: Data extraction form.

Click here to access the data.

Supplementary File 3: Bias classification tool.

Click here to access the data.

References

1. Charil A, Laplante DP, Vaillancourt C, et al.: Prenatal stress and brain 
development. Brain Res Rev. 2010; 65(1): 56–79.  
PubMed Abstract | Publisher Full Text 

2. McDonald SW, Lyon AW, Benzies KM, et al.: The All Our Babies pregnancy 

cohort: design, methods, and participant characteristics. BMC Pregnancy 
Childbirth. 2013; 13 Suppl 1: S2.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3. Rodriguez A, Bohlin G: Are maternal smoking and stress during pregnancy 

Page 6 of 17

HRB Open Research 2019, 1:15 Last updated: 12 FEB 2020

https://hrbopenresearch.s3.amazonaws.com/supplementary/12827/8544f1f2-acf7-4080-a1c7-fa9b067d1a49.docx
https://hrbopenresearch.s3.amazonaws.com/supplementary/12827/6826f886-4386-4b83-8a6e-cbc7ee03aef1.docx
https://hrbopenresearch.s3.amazonaws.com/supplementary/12827/8d53858c-4e2c-4776-86dd-2ad24dadedbe.docx
http://www.ncbi.nlm.nih.gov/pubmed/20550950
http://dx.doi.org/10.1016/j.brainresrev.2010.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23445747
http://dx.doi.org/10.1186/1471-2393-13-S1-S2
http://www.ncbi.nlm.nih.gov/pmc/articles/3561154


related to ADHD symptoms in children? J Child Psychol Psychiatry. 2005; 46(3): 
246–254.  
PubMed Abstract | Publisher Full Text 

4. Khashan AS, Abel KM, McNamee R, et al.: Higher risk of offspring schizophrenia 
following antenatal maternal exposure to severe adverse life events. Arch Gen 
Psychiatry. 2008; 65(2): 146–152.  
PubMed Abstract | Publisher Full Text 

5. Khashan AS, McNamee R, Henriksen TB, et al.: Risk of affective disorders 
following prenatal exposure to severe life events: a Danish population-based 
cohort study. J Psychiatr Res. 2011; 45(7): 879–885.  
PubMed Abstract | Publisher Full Text 

6. Li J, Olsen J, Vestergaard M, et al.: Attention-deficit/hyperactivity disorder in 
the offspring following prenatal maternal bereavement: a nationwide follow-up 
study in Denmark. Eur Child Adolesc Psychiatry. 2010; 19(10): 747–753.  
PubMed Abstract | Publisher Full Text 

7. Ronald A, Pennell CE, Whitehouse AJ: Prenatal Maternal Stress Associated with 
ADHD and Autistic Traits in early Childhood. Front Psychol. 2011; 1: 223.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. Park S, Kim BN, Kim JW, et al.: Associations between maternal stress 
during pregnancy and offspring internalizing and externalizing problems in 
childhood. Int J Ment Health Syst. 2014; 8: 44.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. Beversdorf DQ, Manning SE, Hillier A, et al.: Timing of prenatal stressors and 
autism. J Autism Dev Disord. 2005; 35(4): 471–478.  
PubMed Abstract | Publisher Full Text 

10. Say GN, Karabekiroğlu K, Babadağı Z, et al.: Maternal stress and perinatal 
features in autism and attention deficit/hyperactivity disorder. Pediatr Int. 2016; 
58(4): 265–269.  
PubMed Abstract | Publisher Full Text 

11. Varcin KJ, Alvares GA, Uljarević M, et al.: Prenatal maternal stress events and 
phenotypic outcomes in Autism Spectrum Disorder. Autism Res. 2017; 10(11): 
1866–1877.  
PubMed Abstract | Publisher Full Text 

12. Faraone SV, Sergeant J, Gillberg C, et al.: The worldwide prevalence of ADHD: is 
it an American condition? World psychiatry. 2003; 2(2): 104–13.  
PubMed Abstract | Free Full Text 

13. Biederman J: Attention-deficit/hyperactivity disorder: a selective overview. Biol 
Psychiatry. 2005; 57(11): 1215–1220.  
PubMed Abstract | Publisher Full Text 

14. Robel L: [Clinical features in autism]. Arch Pediatr. 2009; 16(11): 1507–1512.  
PubMed Abstract | Publisher Full Text 

15. Rutter M: The development of infantile autism. Psychol Med. 1974; 4(2):  
147–163.  
PubMed Abstract | Publisher Full Text 

16. Volkmar F, Chawarska K, Klin A: Autism in infancy and early childhood. Annu 
Rev Psychol. 2005; 56: 315–336.  
PubMed Abstract | Publisher Full Text 

17. Larsson JO, Larsson H, Lichtenstein P: Genetic and environmental contributions 
to stability and change of ADHD symptoms between 8 and 13 years of age: 
a longitudinal twin study. J Am Acad Child Adolesc Psychiatry. 2004; 43(10): 
1267–1275.  
PubMed Abstract | Publisher Full Text 

18. Geschwind DH: Genetics of autism spectrum disorders. Trends Cogn Sci. 2011; 
15(9): 409–416.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. Mendola P, Selevan SG, Gutter S, et al.: Environmental factors associated with 
a spectrum of neurodevelopmental deficits. Ment Retard Dev Disabil Res Rev. 
2002; 8(3): 188–197.  
PubMed Abstract | Publisher Full Text 

20. Class QA, Abel KM, Khashan AS, et al.: Offspring psychopathology following 
preconception, prenatal and postnatal maternal bereavement stress. Psychol 
Med. 2014; 44(1): 71–84.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. Van Batenburg-Eddes T, Brion MJ, Henrichs J, et al.: Parental depressive and 
anxiety symptoms during pregnancy and attention problems in children: a 
cross-cohort consistency study. J Child Psychol Psychiatry. 2013; 54(5):  
591–600.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22. Van den Bergh BR, Marcoen A: High antenatal maternal anxiety is related to 
ADHD symptoms, externalizing problems, and anxiety in 8- and 9-year-olds. 
Child Dev. 2004; 75(4): 1085–1097.  
PubMed Abstract | Publisher Full Text 

23. Smith JW, Seckl JR, Evans AT, et al.: Gestational stress induces post-

partum depression-like behaviour and alters maternal care in rats. 
Psychoneuroendocrinology. 2004; 29(2): 227–244.  
PubMed Abstract | Publisher Full Text 

24. Buss C, Entringer S, Swanson JM, et al.: The Role of Stress in Brain 
Development: The Gestational Environment’s Long-Term Effects on the Brain. 
In: Cerebrum. Dana Foundation. 2012; 2012: 4.  
PubMed Abstract | Free Full Text 

25. Wadhwa PD, Entringer S, Buss C, et al.: The contribution of maternal stress to 
preterm birth: issues and considerations. Clin Perinatol. 2011; 38(3): 351–384.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26. Smith GD: Assessing intrauterine influences on offspring health outcomes: 
can epidemiological studies yield robust findings? Basic Clin Pharmacol Toxicol. 
2008; 102(2): 245–256.  
PubMed Abstract | Publisher Full Text 

27. Rai D, Golding J, Magnusson C, et al.: Prenatal and early life exposure to 
stressful life events and risk of autism spectrum disorders: population-based 
studies in Sweden and England. PLoS One. 2012; 7(6): e38893.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28. Li J, Vestergaard M, Obel C, et al.: A nationwide study on the risk of autism after 
prenatal stress exposure to maternal bereavement. Pediatrics. 2009; 123(4): 
1102–1107.  
PubMed Abstract | Publisher Full Text 

29. Rice F, Harold G, Boivin J, et al.: The links between prenatal stress and 
offspring development and psychopathology: disentangling environmental 
and inherited influences. Psychol Med. 2010; 40(2): 335–345.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30. Selten JP, Cantor-Graae E, Nahon D, et al.: No relationship between risk of 
schizophrenia and prenatal exposure to stress during the Six-Day War or Yom 
Kippur War in Israel. Schizophr Res. 2003; 63(1–2): 131–135.  
PubMed Abstract | Publisher Full Text 

31. Dawson G, Jones EJ, Merkle K, et al.: Early behavioral intervention is 
associated with normalized brain activity in young children with autism. J Am 
Acad Child Adolesc Psychiatry. 2012; 51: 1150–1159.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. Lewis AJ, Galbally M, Gannon T, et al.: Early life programming as a target for 
prevention of child and adolescent mental disorders. BMC Med. 2014; 12: 33.  
PubMed Abstract | Publisher Full Text | Free Full Text 

33. Zimmerman AW, Connors SL: Neuroscience. Could autism be treated 
prenatally? Science. 2014; 343(6171): 620–621.  
PubMed Abstract | Publisher Full Text 

34. Van Hus J, Jeukens-Visser M, Koldewijn K, et al.: Early intervention leads to 
long-term developmental improvements in very preterm infants, especially 
infants with bronchopulmonary dysplasia. Acta Paediatr. 2016; 105(7): 773–781.  
PubMed Abstract | Publisher Full Text 

35. Vieten C, Astin J: Effects of a mindfulness-based intervention during 
pregnancy on prenatal stress and mood: results of a pilot study. Arch Womens 
Ment Health. 2008; 11(1): 67–74.  
PubMed Abstract | Publisher Full Text 

36. Glover V: Maternal depression, anxiety and stress during pregnancy and child 
outcome; what needs to be done. Best Pract Res Clin Obstet Gynaecol. 2014; 
28(1): 25–35.  
PubMed Abstract | Publisher Full Text 

37. Satterfield J, Swanson J, Schell A, et al.: Prediction of antisocial behavior in 
attention-deficit hyperactivity disorder boys from aggression/defiance scores. 
J Am Acad Child Adolesc Psychiatry. 1994; 33(2): 185–190.  
PubMed Abstract | Publisher Full Text 

38. Kinney DK, Miller AM, Crowley DJ, et al.: Autism prevalence following prenatal 
exposure to hurricanes and tropical storms in Louisiana. J Autism Dev Disord. 
2008; 38(3): 481–488.  
PubMed Abstract | Publisher Full Text 

39. Moher D, Liberati A, Tetzlaff J, et al.: Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7): 
e1000097.  
PubMed Abstract | Publisher Full Text | Free Full Text 

40. Higgins JP, Green S: Cochrane handbook for systematic reviews of 
interventions. John Wiley & Sons. 2011.  
Reference Source

41. Higgins JP, Thompson SG, Deeks JJ, et al.: Measuring inconsistency in meta-
analyses. BMJ. 2003; 327(7414): 557–560.  
PubMed Abstract | Publisher Full Text | Free Full Text 

42. Bastani F, Hidarnia A, Kazemnejad A, et al.: A randomized controlled trial of the 
effects of applied relaxation training on reducing anxiety and perceived stress 
in pregnant women. J Midwifery Womens Health. 2005; 50(4): e36–40.  
PubMed Abstract | Publisher Full Text 

Page 7 of 17

HRB Open Research 2019, 1:15 Last updated: 12 FEB 2020

http://www.ncbi.nlm.nih.gov/pubmed/15755301
http://dx.doi.org/10.1111/j.1469-7610.2004.00359.x
http://www.ncbi.nlm.nih.gov/pubmed/18250252
http://dx.doi.org/10.1001/archgenpsychiatry.2007.20
http://www.ncbi.nlm.nih.gov/pubmed/21208629
http://dx.doi.org/10.1016/j.jpsychires.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/20495989
http://dx.doi.org/10.1007/s00787-010-0113-9
http://www.ncbi.nlm.nih.gov/pubmed/21833278
http://dx.doi.org/10.3389/fpsyg.2010.00223
http://www.ncbi.nlm.nih.gov/pmc/articles/3153828
http://www.ncbi.nlm.nih.gov/pubmed/25926872
http://dx.doi.org/10.1186/1752-4458-8-44
http://www.ncbi.nlm.nih.gov/pmc/articles/4414378
http://www.ncbi.nlm.nih.gov/pubmed/16134032
http://dx.doi.org/10.1007/s10803-005-5037-8
http://www.ncbi.nlm.nih.gov/pubmed/26338105
http://dx.doi.org/10.1111/ped.12822
http://www.ncbi.nlm.nih.gov/pubmed/28681538
http://dx.doi.org/10.1002/aur.1830
http://www.ncbi.nlm.nih.gov/pubmed/16946911
http://www.ncbi.nlm.nih.gov/pmc/articles/1525089
http://www.ncbi.nlm.nih.gov/pubmed/15949990
http://dx.doi.org/10.1016/j.biopsych.2004.10.020
http://www.ncbi.nlm.nih.gov/pubmed/19733037
http://dx.doi.org/10.1016/j.arcped.2009.07.018
http://www.ncbi.nlm.nih.gov/pubmed/4597904
http://dx.doi.org/10.1017/S0033291700041982
http://www.ncbi.nlm.nih.gov/pubmed/15709938
http://dx.doi.org/10.1146/annurev.psych.56.091103.070159
http://www.ncbi.nlm.nih.gov/pubmed/15381894
http://dx.doi.org/10.1097/01.chi.0000135622.05219.bf
http://www.ncbi.nlm.nih.gov/pubmed/21855394
http://dx.doi.org/10.1016/j.tics.2011.07.003
http://www.ncbi.nlm.nih.gov/pmc/articles/3691066
http://www.ncbi.nlm.nih.gov/pubmed/12216063
http://dx.doi.org/10.1002/mrdd.10033
http://www.ncbi.nlm.nih.gov/pubmed/23591021
http://dx.doi.org/10.1017/S0033291713000780
http://www.ncbi.nlm.nih.gov/pmc/articles/3766407
http://www.ncbi.nlm.nih.gov/pubmed/23215861
http://dx.doi.org/10.1111/jcpp.12023
http://www.ncbi.nlm.nih.gov/pmc/articles/3796855
http://www.ncbi.nlm.nih.gov/pubmed/15260866
http://dx.doi.org/10.1111/j.1467-8624.2004.00727.x
http://www.ncbi.nlm.nih.gov/pubmed/14604603
http://dx.doi.org/10.1016/S0306-4530(03)00025-8
http://www.ncbi.nlm.nih.gov/pubmed/23447790
http://www.ncbi.nlm.nih.gov/pmc/articles/3574809
http://www.ncbi.nlm.nih.gov/pubmed/21890014
http://dx.doi.org/10.1016/j.clp.2011.06.007
http://www.ncbi.nlm.nih.gov/pmc/articles/3179976
http://www.ncbi.nlm.nih.gov/pubmed/18226080
http://dx.doi.org/10.1111/j.1742-7843.2007.00191.x
http://www.ncbi.nlm.nih.gov/pubmed/22719977
http://dx.doi.org/10.1371/journal.pone.0038893
http://www.ncbi.nlm.nih.gov/pmc/articles/3374800
http://www.ncbi.nlm.nih.gov/pubmed/19336368
http://dx.doi.org/10.1542/peds.2008-1734
http://www.ncbi.nlm.nih.gov/pubmed/19476689
http://dx.doi.org/10.1017/S0033291709005911
http://www.ncbi.nlm.nih.gov/pmc/articles/2830085
http://www.ncbi.nlm.nih.gov/pubmed/12892867
http://dx.doi.org/10.1016/S0920-9964(02)00375-4
http://www.ncbi.nlm.nih.gov/pubmed/23101741
http://dx.doi.org/10.1016/j.jaac.2012.08.018
http://www.ncbi.nlm.nih.gov/pmc/articles/3607427
http://www.ncbi.nlm.nih.gov/pubmed/24559477
http://dx.doi.org/10.1186/1741-7015-12-33
http://www.ncbi.nlm.nih.gov/pmc/articles/3932730
http://www.ncbi.nlm.nih.gov/pubmed/24503843
http://dx.doi.org/10.1126/science.1250214
http://www.ncbi.nlm.nih.gov/pubmed/26936312
http://dx.doi.org/10.1111/apa.13387
http://www.ncbi.nlm.nih.gov/pubmed/18317710
http://dx.doi.org/10.1007/s00737-008-0214-3
http://www.ncbi.nlm.nih.gov/pubmed/24090740
http://dx.doi.org/10.1016/j.bpobgyn.2013.08.017
http://www.ncbi.nlm.nih.gov/pubmed/8150789
http://dx.doi.org/10.1097/00004583-199402000-00005
http://www.ncbi.nlm.nih.gov/pubmed/17619130
http://dx.doi.org/10.1007/s10803-007-0414-0
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pmc/articles/2707599
https://pdfs.semanticscholar.org/4b43/91c08c45ebfcd046a53106c97ca09fcdf9fa.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pmc/articles/192859
http://www.ncbi.nlm.nih.gov/pubmed/15973255
http://dx.doi.org/10.1016/j.jmwh.2004.11.008


HRB Open Research

 

Open Peer Review

     Current Peer Review Status:

Version 2

 06 March 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13972.r26516

© 2019 Lopez L. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

   Lorna M. Lopez
Trinity College Dublin, Dublin, Ireland

No further comments to make.

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Genetics

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

 28 February 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13972.r26513

© 2019 Simcock G. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Gabrielle Simcock
University of the Sunshine Coast, Sippy Downs, QLD, Australia

I am satisfied that the comments I made when reviewing the original article have been revised/addressed
adequately in this response; and recommend indexing.

 No competing interests were disclosed.Competing Interests:

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Page 8 of 17

HRB Open Research 2019, 1:15 Last updated: 12 FEB 2020

https://doi.org/10.21956/hrbopenres.13972.r26516
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0241-9783
https://doi.org/10.21956/hrbopenres.13972.r26513
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


HRB Open Research

 

 14 February 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13972.r26521

© 2019 Aune D. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Dagfinn Aune
Department of Epidemiology and Biostatistics, School of Public Health, Imperial College London, London,
UK

I only have one more comment. For consistency between the analyses it would still be better to always
use a random effects model because any differences between subgroups etc. could at least partly be due
to the fact that you have chosen a different model for the different analyses. When there is low
heterogeneity the random effects model is in anyway showing a result more similar to a fixed effects
models so you might as well use the random effects model in all analyses for consistency.

 No competing interests were disclosed.Competing Interests:

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have significant
reservations, as outlined above.

Version 1

 29 January 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13888.r26437

© 2019 Lopez L. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

   Lorna M. Lopez
Trinity College Dublin, Dublin, Ireland

This study protocol by Manzari  . is to perform a systematic review and meta analysis on the linket al
between prenatal maternal stress and a risk of neurodevelopmental disorders in the offspring. It is
certainly an important question to understand the origins of NDDs, and in particular for the existing
literature to be evaluated in a systematic manner and reported in a standardised way.

The research questions are well described and the methods are thorough. One comment I have is that the
authors state in the introduction "The aetiological basis of these disorders is complex and multifactorial,
and while twin studies show that genetic factors play a key role17,18, environmental factors, such as
PNMS, have also been proposed to play a role in their aetiology19." In order to correctly evaluate the

contribution of PNMS, as a distinct separate contributor to autism than genetics, then I think information

Page 9 of 17

HRB Open Research 2019, 1:15 Last updated: 12 FEB 2020

https://doi.org/10.21956/hrbopenres.13972.r26521
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21956/hrbopenres.13888.r26437
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0241-9783


HRB Open Research

 

contribution of PNMS, as a distinct separate contributor to autism than genetics, then I think information
such as family history and parental age at birth should be considered. The authors mention in the
potential limitations section that "In addition, another limitation may be the presence of confounding, such
as maternal age, maternal smoking or alcohol abuse during pregnancy and family’s socio-economic
status. We will make separate analyses for adjusted and unadjusted results and subgroup analyses in
order to evaluate the potential role of these confounders." I think family history of ASD and ADHD, and
paternal age are important considerations. 

I agree with limiting the literature to English literature.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Genetics

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have significant
reservations, as outlined above.

Author Response 11 Feb 2019
, University College Cork, Cork, IrelandAli Khashan

We would like to thank Dr Lopez for the helpful comments. 
We agree that family history of ASD and ADHD, and paternal age are important considerations and
may play a role in the aetiology of these disorders, but our specific focus was prenatal stress
exposure.
However, we considered these types of variables to be very important and those studies that did
not take these variables into account as potential confounders were considered low quality studies.
We also addressed this issue in the limitations section as follows:
 
“In addition, another limitation may be the presence of confounding, such as maternal age,
maternal smoking or alcohol abuse during pregnancy, paternal age, family history of mental

 and family’s socio-economic status.illness ”

 NoneCompeting Interests:

Page 10 of 17

HRB Open Research 2019, 1:15 Last updated: 12 FEB 2020



HRB Open Research

 

 28 January 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13888.r26439

© 2019 Clarke M. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Mary Clarke
Department of Psychiatry, Royal College of Surgeons in Ireland (RCSI), Dublin, Ireland

This is a protocol for a systematic review and meta-analysis of the evidence for an association between
exposure to prenatal stress and a later diagnosis of an autism spectrum disorder or a diagnosis of
attention deficit disorder. It is clear and well-written and includes all the standard elements for a thorough
systematic review.

I was not sure from the description of the exposure how or if exposure to maternal stress and maternal
depression in-utero would be separated out. The definition of the outcome is a diagnosis of ASD or ADHD
- there may very few studies in this area and allowing for assessment of outcome using standardised
instruments but which are not diagnostic may give needed scope to the review.

There is a list of potential confounders mentioned at the end - an additional one is parental psychiatric
history - it is very possible that antenatal stress is a proxy for psychiatric history in some cases. 

I look forward to reading the results of this review.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Psychiatric epidemiology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 11 Feb 2019
, University College Cork, Cork, IrelandAli Khashan

We thank Dr Clarke for the helpful comments.
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We thank Dr Clarke for the helpful comments.
 
We agree with that there are few studies considering the diagnosis of ASD or ADHD in relation to
prenatal stress, but in our inclusion criteria we preferred to exclude studies that only considered
ASD or ADHD symptoms, so we focused only on diagnoses.  Given that prenatal stress as an
exposure is very variable, something we mention in our review, in our view limiting variability in the
outcome measure to a confirmed diagnosis, may provide new insights into how different prenatal
stressors may (or may not) lead to the same outcome.
Moreover, stress and depression are distinct though highly correlated phenomena, often measured
with different instruments, so we decided to evaluate them separately, when
possible.  
We agree with the reviewer that parental psychiatric history is a potential confounder and we took it
into consideration when evaluating the quality of the studies included in the meta-analysis. We also
addressed this issue in the revised protocol. Please see our response to reviewer 4 about this
point.
 

 NoneCompeting Interests:

 10 January 2019Reviewer Report

https://doi.org/10.21956/hrbopenres.13888.r26418

© 2019 Simcock G. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Gabrielle Simcock
University of the Sunshine Coast, Sippy Downs, QLD, Australia

This is a protocol for a systematic literature review on the effects of prenatal maternal stress (PNMS) on
childhood disorders (ADHD and ASD). This review would add to the many published PNMS reviews by
focusing specifically on these developmental disorders, and hopefully clarifying disparate findings in the
literature.

However, the authors have overlooked a body of PNMS research that fits their definition, review
questions, and analysis plan (see relevant quotes below): stress in pregnancy due to natural disasters.
Research show that disaster-related PNMS (e.g., experience of a severe ice storm, flood exposure,
hurricanes, or an earthquake in pregnancy) is related to offspring ASD prevalence or symptoms.
Importantly, the sudden onset of natural disasters in pregnancy make them ideal for studying gestational
timing effects on offspring development. Additionally, stress from the disaster can be broken down into
the objective events experienced (e.g., relocation to emergency shelter, death of family/friends) and the
subjective emotional reactions (e.g., PTSD symptoms) to determine their specific effects. Thus, this body
of research appears to be directly relevant to the purpose and scope of the proposed review.

In the first paragraph the term PNMS is   as “… ‘stress’ in this context often covers negativedefined
life events….  …”significant life stressors

The specific   use the term “… ...” and propose to addressreview questions environmental stress
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The specific   use the term “… ...” and propose to addressreview questions environmental stress
the issues of timing of the stressor in pregnancy.
The authors propose   by “…different types of stress (e.g. analyses of subgroups objective vs

);”subjective stress

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Partly

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Prenatal maternal stress, child development, cognition and language,
developmental psychopathology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have significant
reservations, as outlined above.

Author Response 11 Feb 2019
, University College Cork, Cork, IrelandAli Khashan

We would like to thank Dr Simcock for reviewing our protocol and for the helpful feedback. Below is
our response to the reviewer’s comments: 
Just to clarify, we had considered this exposure and we have now changed the text in the
Introduction to reflect this and to clarify our conceptualisation of stress. The meta-analysis aims to
address potential differences between types of stress, including exposure to natural disasters and
objective hardship. We specifically mentioned natural disasters in the Introduction as follows:
 
“Stressful life events may include significant daily stressors and high stress perception at individual

 level, but may also include massive stress events such as natural disasters at the population
level.”
 
And in the Exposure section as follows:
“PNMS is defined as any type of stress such as stressful life events, , significantnatural disasters
life events, maternal bereavement, anxiety feeling or traumatic stress measured by:”

 NoneCompeting Interests:
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https://doi.org/10.21956/hrbopenres.13888.r26441

© 2018 Allen A. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Andrew P. Allen
Maynooth University, Maynooth, Ireland

This protocol describes a systematic review and meta-analysis on an interesting public health question
relating to prenatal maternal stress and mental health in offspring. I have a few minor comments.

Introduction: “Stress” could perhaps be a bit more precisely described in the introduction, (e.g. referring to
high demands being placed on a person, not just related to negative life events but daily stressors as
well), rather than overlapping with anxiety and depression (notwithstanding these are all correlated).

I would be inclined to re-think the following: “the reduction of criminal and antisocial behaviour, that often
are consequences of ADHD and conduct disorder”. This statement runs the risk of conflating the
association between antisocial behaviour and two distinct disorders, one of which has antisocial
behaviour as a key characteristic and one (ADHD, which more relevant to this article) which doesn’t.
 
Method: The systematic review method is very strong in my opinion. I am not authoritative on
meta-analysis, but this also looks thorough.

Can you be a bit more specific about “high score” on screening scales for depression? I believe some
have ranges that would be consider “mild/moderate depression” - would this count as a “high score”?

Is the “current study status” up-to-date?

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Psychology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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expertise to confirm that it is of an acceptable scientific standard.

Author Response 11 Feb 2019
, University College Cork, Cork, IrelandAli Khashan

We would like to thank Dr Allen for reviewing our protocol and for the very helpful feedback. This is
our response to the reviewer’s comments: 
We have modified the statement about the reduction of criminal and antisocial behaviour as
suggested. The statement now reads as follows:
“This intervention has been reported to lead to long-term improvements in parenting behaviour and
in child outcomes (including but not limited to the reduction of anger and criminal behaviours)”. 
Regarding depression, we aimed to use the definitions and cut-off points that were used in the
papers. We modified the text now to highlight that if data allowed us, we will perform a subgroup
analysis on maternal prenatal depression and that the analysis will be considered post-hoc. The
text was modified as follows:
 
“Prenatal maternal depression is defined according to screening scales, such as the Hamilton
depression rating scale (HDRS), the Beck Depression Inventory (BDI), the Patient Health
Questionnaire (PHQ), the Centre for Epidemiologic Studies Depression Scale (CES-D). If possible,
we will perform a subgroup analysis including studies on prenatal maternal depression and ASD or
ADHD. This analysis will be clearly highlighted as post-hoc depending on the available data.”

 NoneCompeting Interests:

 14 August 2018Reviewer Report

https://doi.org/10.21956/hrbopenres.13888.r26328

© 2018 Aune D. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

 Dagfinn Aune
Department of Epidemiology and Biostatistics, School of Public Health, Imperial College London, London,
UK

This is a protocol for a review on prenatal maternal stress and neurodevelopmental disorders in the
offspring. Because I'm not an expert on the specific topic assessed in this protocol I have only assessed
the methodological issues in the manuscript.
 
Why is the inverse variance method (fixed-effects models) used? It is more appropriate to use random
effects models because there is likely to be heterogeneity between studies and heterogeneity is in
general expected in meta-analyses of observational studies.
 
Why include cross-sectional studies? It's such a weak study design that cannot say anything about
causality so I would exclude such studies. If there are enough cohort studies I would also exclude
case-control studies from the review.
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Page 5: limitations - why not just limit the study to English literature? If you wanted to include other
non-English languages it would be more appropriate to include studies in any language.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: I have carried out a lot of reviews/meta-analyses. I’ve worked on nutrition, adiposity
and physical activity and chronic disease risk.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have significant
reservations, as outlined above.

Author Response 15 Aug 2018
, University College Cork, Cork, IrelandAli Khashan

We would like to Dr Aune for reviewing our protocol and for the very helpful feedback. Below is our
response to the reviewer’s comments: 

In the section "Quantitative data synthesis" we specified that we would have used a fixed effects
model in case of low heterogeneity (I < 50%) or a random effect model in case of high
heterogeneity, in accordance with the criteria proposed by Higgins (Higgins JP et al., 2011). We
then actually used a random effect model because the heterogeneity was very high.
Moreover, we decided to include cross-sectional studies only in the search strategy, in order to
include in the review those studies that were erroneously defined as "cross-sectional", but which
were actually cohort studies. As a consequence, in our review we only had cohort and case-control
studies. As we planned to perform a comprehensive review we planned to include all cohort and
case-control studies, however, we also planned to perform the meta-analysis for cohort and
case-control studies separately.

Finally, the limitation paragraph is not correct. Initially we thought to include only studies in English
and Italian (which are the languages best known by our research group), but later we decided to
search for articles without language limiters, in order to obtain a more complete list of potentially
eligible studies. 

 No competing interests were disclosed.Competing Interests:

2
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Author Response 11 Feb 2019
, University College Cork, Cork, IrelandAli Khashan

We would like to thank Dr Aune for reviewing the protocol and for the very helpful feedback.
 
Regarding the fixed-effects models, this was changed to random-effects models and no
fixed-effects models will be used. We also clarified our inclusion criteria in relation to language.
The quantitative data synthesis section was modified as follows:
 
“Studies in other languages with an English abstract will be described and reported in the
manuscript and, when possible, the full text of the article will be translated into English”. 
 
We agree with the reviewer about cross-sectional studies, however, we included this study design
in the search strategy in order to include in the review those studies that were possibly erroneously
described as “cross-section”, but were actually cohort studies. As we planned to perform a
comprehensive review, we planned to include all cohort and case-control studies. We also planned
to perform the meta-analysis for cohort and case-control studies separately for the reasons
highlighted by the reviewer. To avoid confusion about the study design inclusion criteria, we have
now removed “cross-sectional” from the ‘Methods section’ in the Abstract and from the ‘Types of
Studies section’. 

 NoneCompeting Interests:
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