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ABSTRACT
Background: Prenatal exposure to alcohol (PAE) represents a
significant public health concern. Previous research linking PAE to
neurodevelopmental outcomes has been mixed and often has
limited focus on residual confounding or moderating factors.
Methods: A systematic review of prospective cohort studies (n =
>1000) assessing the impact of PAE on neurodevelopmental
outcomes was undertaken (neurophysiology, motor skills,
cognition, language, academic achievement, memory, attention,
executive function, affect regulation, and adaptive behaviour,
social skills, or communication). Electronic searches of EMBASE,
Medline, CINAHL, and Psychinfo were conducted in May 2021. A
quality assessment was conducted using an adapted version of
the Newcastle-Ottawa Scale (NOS).
Results: Thirty longitudinal cohort studies met the inclusion
criteria. Evidence of the impact of PAE was mixed across domains.
We found no evidence that PAE affects executive function, but
there were impacts on motor skills, cognition, language,
academic achievement, attention, affect regulation, and adaptive
behaviour. The most consistent adverse effect was on affect
regulation (nine out of thirteen studies, six of which found an
association between heavy alcohol consumption or binge
drinking during pregnancy). We found no protective factors. Few
studies controlled for variables in the postnatal environment.
Discussion: This reviewwasunable to conclude a safe level of alcohol
consumption during pregnancy. Methodological improvements are
needed to improve the quality and consistency in which PAE is
studied. Further research into residual confounding variables is vital,
including a greater focus on the postpartum environment.
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Introduction

Guidelines for alcohol use in pregnancy advise that there is no known safe level of alcohol
consumption during pregnancy and that it is safest to avoid alcohol if pregnant or plan-
ning to get pregnant (Carson et al., 2010; Carson et al., 2017; Department of Health and
Social Care, 2016; National Health and Medical Research Council, 2009). Alcohol is a
known teratogen that has a range of adverse effects on fetal development including
major congenital abnormalities or functional defects to organs and changes in brain
development associated with cognitive and behavioural changes in children (Carson
et al., 2010; Ghazi Sherbaf et al., 2019; Gupta et al., 2016).

Fetal Alcohol Spectrum Disorder (FASD) is a diagnostic term that describes the neuro-
logical and physical effects of Prenatal Alcohol Exposure (PAE) (Harding et al., 2019).
FASD is associated with a broad range of behavioural, cognitive, emotional, and adaptive
functioning deficits, which can affect functional abilities and lead to adverse life outcomes
in education, justice, and health (Streissguth et al., 2004). Without diagnosis individuals
with FASD are unlikely to receive adequate or tailored care to match their needs, or may
be misdiagnosed resulting in inadequate support (Skorka et al., 2020). In New Zealand,
theMinistryofHealth estimates that 1–3 in every 100birthsmaybe affectedby alcohol (Min-
istry of Health, 2020). Global prevalence of FASD is estimated at 7.7 per 1000 children (95%
CI 4.9–11.7), however, the prevalence of FASD varies considerably by country, with high
estimates in countries with pervasive drinking populations (e.g. South Africa: 111.1 per
1000 [95% CI, 71.1–158.4]; Ireland: 47.5 per 1000 [95% CI, 28.0–73.6]) (Lange et al., 2017).

Despite this, the rates of prenatal alcohol consumption remain high: global estimates
suggest that 9.8% of pregnancies are exposed to alcohol (95% CI, 89–11.1%) (Popova
et al., 2018).ANewZealand cohort study (n = 6822) found 23%ofwomen reporteddrinking
alcohol during pregnancy, 13% after the first trimester (Rossen et al., 2018). Australian
research highlighted the high rates of alcohol intake between conception and recognition
of pregnancy, with rates as high as 60.6%, decreasing to 18.3% after pregnancy recognition
(McCormack et al., 2017). In theUSA, surveysfind that approximately one in eight pregnant
women report alcohol use (500,000 per year), 80,000 of which reported binge drinking
(Floyd & Sidhu, 2004). There is a great need for clear and consistent messaging to women
regarding alcohol consumption, as well as adequate support for thosemoving to abstinence.
These findings suggest that FASD and PAE is a significant public health concern in many
Western countries. The impact of prenatal alcohol exposure is not limited to Western
countries (Popova et al., 2018) and is likely extensive worldwide, for example among rural
communities in Asian countries. The lack of data available on the effect of PAE on neuro-
developmental outcomes for these regions, likely due to FASD being largely unrecognised
or misdiagnosed (Adnams, 2017), limits analysis of the degree of impact.

While evidence shows that alcohol is generally harmful to the fetus, the impact of PAE is
subject to individual and environmental factors, such as diet, genetics, maternal stress,
tobacco smoking, use of marijuana and other substances, as well as the postnatal environ-
ment (Australian Government National Health Medical Research Council, 2009; Jacobson
et al., 2004; Murphy et al., 2013; National Health andMedical Research Council, 2009). Pre-
vious studies suggest that heavyPAE is adversely associatedwith anumberofneurocognitive
domains, including behaviour, affect regulation and cognition (Khoury et al., 2015).
However, findings are mixed with respect to low and moderate levels of alcohol use.
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Recent systematic reviews of the literature consistently fail to provide any definitive
conclusions regarding the effects of low to moderate alcohol consumption. For
example, a recent systematic review of the impact of alcohol consumption on ADHD-
like symptoms found that low alcohol consumption (up to 50 g) decreased the odds of
ADHD-like symptoms in male offspring, with no effect of PAE on the development of
ADHD-like symptoms observed for male or female offspring (San Martin Porter et al.,
2019). This review only included studies controlling for key confounds, including
maternal smoking during pregnancy, SES, age, and maternal education, with minimal
discussion or reporting of additional confounds. An additional review published the
same year examined the impact of low to moderate alcohol consumption more
broadly on mental health problems of offspring (Easey et al., 2019). The results suggested
a negative link between alcohol consumption and offspring mental health. However,
analysis and conclusions were limited by the quality of included studies, some with
low samples sizes and potentially underpowered, others utilising a categorical measure
of alcohol exposure (yes/no). Finally, a systematic review of evidence examining the
link between low alcohol consumption and pregnancy and childhood outcomes aimed
to reduce biases by only including those with prospective measure of alcohol consump-
tion and prioritising those who controlled for key confounds (SES, maternal smoking
during pregnancy, maternal age, and ethnicity) (Mamluk et al., 2017). With results indi-
cating some support for the negative impact of low alcohol consumption on preterm
birth and birth weight, with mixed or null findings for other outcomes such as IQ and
academic achievement.

Given the role of environmental factors and the inconsistencies in the relationship
between PAE and neurodevelopmental outcomes, perhaps there are important environ-
mental and maternal factors that moderate the impact of PAE on neurodevelopmental
outcomes, such as the quality of the postnatal environment and ongoing alcohol use.
Further research is needed to understand the impact of PAE on neurodevelopmental
outcomes and the variables that moderate or exacerbate the effect of alcohol on
long-term outcomes. This study, therefore, aims to detect the effect of PAE on neuro-
developmental outcomes and investigate any confounding variables that may moderate
this relationship. To achieve this a comprehensive review of large cohort-based studies,
as large studies (>1000 participants) are sufficiently powered to detect the impact of
different levels of alcohol consumption, across all neurodevelopmental domains was
conducted. This review differentiates itself by including a narrative review of confound-
ing factors included in each study’s statistical analyses to further understand how
environmental or maternal factors moderate the impact of PAE on offspring and by
including large cohort-based studies which have the ability to detect the effect of
PAE on outcomes.

Methods

A systematic review was conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) (David Moher et al., 2009). The protocol
was registered in PROSPERO 2021 CRD42021256407. An ethics statement is not appli-
cable because this study is based exclusively on published literature.
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Search strategy

We conducted electronic searches of the following databases: EMBASE, Medline,
CINAHL, and Psychinfo. Search terms included alcohol (and consum* or expos* or
drink*) and (matern* or pregnan* or f?etal or prenatal), combined with keywords for
the outcomes (e.g. executive function, motor movement, language) and design (e.g. pro-
spective, birth cohort). Searches were limited to peer reviewed English language studies
of human participants published after January 2001, to ensure that the review only incor-
porated recent research. An example of the search strategy can be found in Appendix 1.
All searches were conducted on 25th of May 2021 and exported to Endnote. Additional
articles were identified from the bibliographies of relevant systematic reviews.

Inclusion and exclusion criteria

The inclusion and exclusion criteria are summarised in Table 1. Studies were included
if they were prospective cohort studies assessing neurodevelopmental outcomes in
children exposed to alcohol in utero compared to unexposed children. Relevant out-
comes included neurodevelopmental or neurocognitive outcomes associated with
FASD including the 10 domains identified in the Canadian Guidelines for diagnosing
FASD: neurophysiology, motor skills, cognition, language, academic achievement,
memory, attention, executive function, affect regulation, and adaptive behaviour,
social skills, or communication (Cook et al., 2016). Retrospective and case-control
studies were excluded due to a high risk of recall bias. Due to the relatively low preva-
lence of alcohol use during pregnancy, a minimum of 1000 participants were required
in each study to have sufficient data for analysis, two studies (Donald et al., 2019; Hal-
liday et al., 2017) included in the analysis had less than 1000 participants in the final
analysis, but originally recruited populations larger than 1000 (1143 and 1038,
respectively) so were included in this systematic review. Studies were required to
include a quantitative measure of alcohol consumption (e.g. standard drinks, grams
of alcohol).

Table 1. Inclusion/exclusion criteria.
Inclusion Exclusion

Population Pregnant women sampled from the population and
their offspring (under the age of 18 years at time of
outcome assessment)

Postnatal women
Adult off-spring

Exposure Any level of prenatal alcohol consumption.
Must include a quantitative measure of alcohol
consumption

Alcohol must be the main exposure, or if
multiple exposures, it must be an
independently evaluated variable

Comparator Women that did not consume alcohol in pregnancy. Studies without a comparator will be excluded
Outcome Neurodevelopmental outcomes related to FASD: e.g.

developmental delay; motor skills/function;
neurophysiology; cognition; cognitive development;
language; academic achievement; IQ; memory;
attention; executive function; affect regulation;
behaviour complications; adaptive behaviour; social
skills; communication

Studies of unrelated outcomes will be excluded

Study
Design

Prospective cohort studies Retrospective and case-control studies.
N > 1000
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Study selection and data extraction

Titles and abstracts were screened by the reviewer (AW) to identify relevant studies. The
full text of potentially relevant articles was obtained to determine their inclusion. A
second reviewer (JM) independently screened a random selection (10%) of articles,
and any discrepancies were discussed, and disagreements were resolved by consensus.
Data were extracted using a previously designed extraction form and included the follow-
ing variables: design, location, population, exposure (timing, amount), measurement
method, moderators included in the model, effect of moderators, outcomes and
method of measurement, and results. Data were extracted by the first reviewer and
checked for accuracy by the second reviewer.

Quality

A quality assessment was conducted by both reviewers of the included studies using an
adapted version of the Newcastle-Ottawa Scale (NOS) (Penson et al., 2012). This scale has
been used in similar previous research (Sundermann et al., 2019). It contains eight ques-
tions and scores from 0 (high risk of bias) to 9 (low risk of bias). Questions address repre-
sentativeness of the cohort, measurement of exposure, statistical analyses (control for
confounds), assessment of outcomes, and characteristics of the follow-up.

Analysis

Study information was summarised into a table and a narrative review of the literature
was conducted to summarise the findings across the studies and to explore any effects
of confounding factors. A meta-analysis was planned, however, due the heterogeneity
in studies, across how and when PAE was measured, variation in neurodevelopmental
domains investigated, how they were measured and age of offspring, a meta-analysis
would not have been useful to summarise the findings, consistent with previous
reviews in this area (Easey et al., 2019; Mamluk et al., 2017). A narrative review was pre-
ferred as this approach enables common patterns to be identified across studies with
methodological differences. The aims of this research were to understand the impact
of PAE on child development and to identify important moderating variables of the
effects of PAE. Results are therefore summarised by neurodevelopmental outcome and
a final examination of common moderators included in this research and their effects.

Results

The database searches resulted in 1611 articles (see Figure 1). Of these 631 were identified
as duplicates and 102 were identified as ineligible publication types. The remaining 877
records were screened via title and abstract, excluding 810 as irrelevant. Full-text review
of 67 articles, including 8 systematic reviews (reference lists checked) which produced 2
additional relevant studies. Of these, 30 studies were included in the review. Twelve were
from Denmark, seven were from the UK, five were from Australia, two each from
Norway and New Zealand, and one each from Brazil and South Africa. The birth
cohorts were recruited between 1981 and 2015.
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Most studies interviewed women about their alcohol use around 16–20 weeks ges-
tation (n = 24). Self-reported retrospective recall was used in all studies. Alcohol use
was reported for multiple time periods: pre-pregnancy (n = 2); early pregnancy (n = 7);
first trimester (n = 18); second trimester (n = 3); third trimester (n = 7); any time in preg-
nancy (n = 6). In the UK one standard drink is classified as containing 8 g of alcohol,
whereas Australia and NZ quantify a standard drink to contain 10 g of alcohol, and
12 g in Scandinavian countries. Binge drinking was generally classified as having
greater than four or five drinks per occasion.

Across the 10 domains identified by Cook et al. (2016) the majority of the included
studies explored affect regulation (43.3%), cognition (36.7%), and attention (26.7%).
Most studies looked at multiple domains. No studies meeting criteria evaluated
memory or neurophysiology. An overview of study characteristics is provided in Table
2 and each studies characteristics is provided in Table 3. Under the new Canadian

Figure 1. PRISMA flow chart of included studies.
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FASD diagnostic guidelines hyperactivity and inattention fall under separate categories
(executive function and attention respectively) (Cook et al., 2016), however, we have
classified scales that combine hyperactivity and inattention as attention only. Outcomes
were assessed in offspring between 6 months and 19 years, one study (Weile et al., 2020)
included participants up to the age of 19, this study was included in the analysis as it had a
large sample size and all of the rest of studies included examined participants below the
age of 18 . The majority of studies evaluated outcomes assessed in children under six
years of age (n = 19). Most studies included in our analysis were deemed high quality,
scoring between 7 and 9 (66.7%) and none of the studies were deemed very high risk,
scored on the NOS. Results of quality assessment can be found in Appendix 2.

Motor skills

Five of the included studies examined the impact of prenatal alcohol exposure on motor
skills (Donald et al., 2019; Faebo Larsen et al., 2013; Halliday et al., 2017; Hutchinson
et al., 2019; Negrao et al., 2020). Four of the studies assessed motor skills during
infancy using the Bayley Scales of Infant and Toddler Development (BSID-III; Bayley
(2006)), a validated tool for assessing development conducted by trained professionals.
Three of the four studies found no significant association between PAE and motor
skills (Donald et al., 2019; Halliday et al., 2017; Hutchinson et al., 2019). Negrao et al.
(2020) found an association between concomitant use of alcohol and tobacco and fine
motor skills, but not for gross motor skill or for alcohol consumption alone. Compared
to children whose mother did not use alcohol or tobacco, children whose mothers’ used
alcohol and tobacco concomitantly during pregnancy were at increased risk for motor
delays in fine motor skills (RR 2.81, 95% CI [1.65, 4.77], p < 0.05), but not in gross
motor delay (RR 1.49, 95% CI [0.77, 2.87], p > 0.05).

Only one study assessed motor skills after 2 years; in Faebo Larsen et al. (2013) motor
skills were assessed at age seven using the Developmental Coordination Disorder Ques-
tionnaire 2007 (Wilson et al., 2009), which is a parent self-report measure. There was no
association between PAE and developmental co-ordination disorder at 7 years.

Table 2. Summary of study outcome characteristics.
Outcome assessed N %

Neurodevelopmental domain assessed
Neurophysiology 0 0
Motor Skills 5 16.7
Cognition 11 36.7
Language 3 10.0
Academic achievement 5 16.7
Memory 0 0
Attention 8 26.7
Executive function 3 10.0
Affect regulation 13 43.3
Adaptive behaviour, social skills, or communication 2 6.7
Age at outcome assessment
<2 years of age 9 30.0
3–5 years of age 12 40.0
6–12 years of age 9 30.0
13–18 years of age 3 10.0
Up to 19 years of age 1 3.3

Note: Studies reported on multiple outcomes, therefore the percentages displayed above do not add to 100.
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Table 3. Summary of each study included in the analysis.

Author, year Country

Number of
(offspring)

participants in
analysis

Neurophysiological domain(s)
investigated

Outcome(s) measure
or scale Timing of PAE

Offspring
age at

assessment

Association between PAE and
neurophysiological domain

investigated

Alati et al., 2013 UK 7062 Academic Achievement Key Stage 2 (KS2) Alcohol consumption during
first trimester, measured at
18 weeks of gestation

11 years Academic achievement: No association
with daily drinking, but association
between consumption of four or
more drinks per occasion and lower
academic abilities

Alati et al., 2008 UK 4332 Cognition IQ – WISC-III Alcohol consumption during
first trimester, measured at
18 weeks of gestation

8 years Cognition: no significant association

Alvik et al., 2013 Norway 1138 Affect regulation SDQ Alcohol consumption during
0–6 weeks of pregnancy,
measured at 17 weeks

5.5 years Affect regulation: binge drinking during
the early stages of pregnancy
predicted scores in the Abnormal and
Borderline range of the SDQ among
the cohort of 5.5-year-olds. A binge
drinking rate of less than once a week
was associated with higher Total
Problem scores on the SDQ, and
greater than or equal to once a week
predicted elevated risk of abnormal
or borderline scores for total
problems, emotional subscale, and
conduct subscale

Alvik et al., 2011 Norway 1330 Affect regulation Infant Characteristics
Questionnaire:
temperament

Alcohol consumption during
0–6, 7–12 and 13 + weeks of
pregnancy, measured at 17
weeks

6 months Affect regulation: Binge drinking more
than once a week during 0–6weeks is
associated with a difficult
temperament

D’Souza et al.,
2019

New
Zealand

5768 Language, Affect Regulation Comorbidity of
language and
behavioural
difficulties (MB-CDI
and SDQ)

Assessed in the 3rd trimester
covering the 1st trimester.

2 years Language: consumption of one or more
drinks per week in the first trimester
was associated with reduced
likelihood of language difficulties,
relative to those who abstained.

Affect regulation: no significant
association

Donald et al.,
2019

South
Africa

734 Motor skills, Cognition,
Language

BSID-III subscale Recruited at 28–32 weeks
gestation, alcohol
consumption assessed

2 years Motor skills: No significant association
Cognition: No significant association
Language: significant positive
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covering the whole
pregnancy

association with receptive language
deficits

Faebo Larsen
et al., 2013

Denmark 33,354 Motor skills DCDQ’07 16 weeks gestation covering
the first trimester

7 years Motor skills: No association between
PAE and developmental co-
ordination disorder

Falgreen Eriksen
et al., 2012

Denmark 1628 Cognition IQ (WPPSI-R) 17 weeks gestation covering
‘early pregnancy’

5 years Cognition: PAE of greater than or equal
to nine drinks per week in early
pregnancy increased risk of low full-
scale and verbal IQ. No differences
were observed when mothers
reported consuming 1–4 standard
drinks or 5–8 standard drinks per
week relative to those who abstained

Halliday et al.,
2017

Australia 554 Motor Skills, cognition,
language, affect regulation,
(adaptive behaviour, social
skills or communication)

BSID-III subscale
Brief Infant Toddler
Social Emotional
Assessment –
Competence scale

19, 26 weeks gestation,
following birth. Exposure
categories Trimester 1 (pre-
pregnancy awareness),
Trimester 2 (post-
awareness), Trimester 2 and
Trimester 3

2 years Motor skills: No significant association
Cognition: protective effect of low
levels of drinking on improved
cognition, but this difference was
accounted for by moderating
variables

Language: no association with
language deficits

Affect regulation: found that early
binge drinking with continued low
level alcohol consumption over the
duration of the pregnancy was
associated with lower sensation
avoidance scores in offspring at age 2

Adaptive behaviour, social skills or
communication: no significant
associations with social competencies

Hutchinson
et al., 2019

Australia 1324 Motor skills, cognition BISD-III Trimester one (weeks 0–6),
trimester one (weeks 7-12),
trimester two, trimester
three

12 months Motor skills: no significant association
Cognition: no significant association

Kesmodel,
Bertrand, et al.,
2012

Denmark 1628 Cognition, Attention,
Executive function

WPPSI-R, TEACh-5,
BRIEF

17 weeks gestation covering
early to mid-pregnancy

5 years Cognition: no significant association
Attention: no significant association
Executive function: no significant
association

Denmark 1617 Cognition WPPSI-R 17 weeks gestation covering
early to mid-pregnancy

5 years Cognition: no significant difference in
IQ between the children of mothers

(Continued )
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Table 3. Continued.

Author, year Country

Number of
(offspring)

participants in
analysis

Neurophysiological domain(s)
investigated

Outcome(s) measure
or scale Timing of PAE

Offspring
age at

assessment

Association between PAE and
neurophysiological domain

investigated

Kesmodel,
Eriksen, et al.,
2012

who reported binge drinking and
mothers with no binge episodes,
however, they did find that binge
drinking during gestational weeks 1–
2 was associated with reduced risk of
low full-scale IQ compared to those
unexposed to binge drinking

Kilburn et al.,
2015

Denmark 1628 Executive Function CRT and Information
processing time

17 weeks gestation covering
early pregnancy

60–64
months

Executive function: no significant effect
on reaction time or information
processing

McCormack
et al., 2018

Australia 1331 Cognition BSID-III Trimester one (weeks 0–6),
trimester one (weeks 7–12),
trimester two, trimester
three

12 months Cognition: low level consumption of
alcohol during the second and third
trimester was associated with slightly
higher cognitive scores, relative to
mothers who abstained

Negrao et al.,
2020

Brazil 1006 Motor skills, Cognition BSID-III subscale A few days after birth of the
child covering the whole
pregnancy

2 years Motor: found an association between
concomitant use of alcohol and
tobacco and fine motor skills, but not
for gross motor skill or for alcohol
consumption alone. Children whose
mothers’ used alcohol and tobacco
concomitantly during pregnancy
were at increased risk for motor
delays in fine motor skills, but not in
gross motor delay

Cognition: no significant association
Niclasen,
Andersen,
et al., 2014

Denmark 37,315 Affect Regulation SDQ Weeks 16 and 30 gestation,
and 6 months postpartum.

7 years Affect regulation: association between
affect regulation and exposure to
binge episodes only in male children.
Exposure to binge episodes was
associated with an increased change
in mean for externalising behaviours
compared to children whose mothers
reported no binge episodes and
internalising behaviours – although
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the effect was not significant at four
or more binge episodes

Niclasen, Nybo
Andersen,
et al., 2014
(Teasdale)

Denmark 37,315 Attention, Affect Regulation,
(Adaptive behaviour, social
skills, or communication)

SDQ subscale(s) Weeks 16 and 30 gestation,
and 6 months postpartum.

7 years Attention: no association with
hyperactivity

Affect regulation: significant association
between binge drinking and
externalising scores in early
pregnancy and late pregnancy

Adaptive behaviour, social skills or
communication: there was a
significant increased risk of abnormal
or borderline scores on the peer
problems scale for children not
exposed to alcohol compared to
children to a cumulative 15–45 drinks
over the pregnancy), no association
for other amounts of alcohol
exposure

O’Callaghan
et al., 2007

Australia 5139 Cognition, Academic
achievement, attention

Raven progressive
matrices

WART-R; learning
difficulties

CBCL subscale

20 weeks gestation, days after
delivery covering early and
late pregnancy

14 years Cognition: significant association
between binge drinking and IQ. No
significant association between
alcohol exposure in early pregnancy
and IQ, however, there was a higher
prevalence of children with poor
Raven’s scores in children exposed to
binge drinking and children exposed
to alcohol in late pregnancy. The
adjusted model found that there was
an increased risk for low IQ for
children whose mother reported
engaging in binge drinking compared
to those that reported no binge
episodes

Academic achievement: no association
with low scores on the WRAT-R

Attention: no significant association
Robinson et al.,
2010

Australia 1860 Affect Regulation CBCL Assessed 18 and 34 weeks –
covering the whole
pregnancy

2, 5, 8, 10
and 14
years

Affect regulation: light to moderate
levels of drinking in early pregnancy
was associated with a reduced
likelihood of scores above the clinical
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Table 3. Continued.

Author, year Country

Number of
(offspring)

participants in
analysis

Neurophysiological domain(s)
investigated

Outcome(s) measure
or scale Timing of PAE

Offspring
age at

assessment

Association between PAE and
neurophysiological domain

investigated

cut-off on the CBCL in children aged
between 2 and 14 years compared to
unexposed children on the
externalising, internalising, and total
behaviour

Rodriguez et al.,
2009

Denmark,
Finland

21,678 Attention SDQ subscale or
Rutter Scale
subscale

Between 12- and 32-weeks
gestation covering the whole
pregnancy

15 years Attention: no significant association
with hyperactivity/inattention

Sayal et al., 2013 UK 10,558 Academic Achievement,
Affect regulation

KS2 18 weeks gestation covering
the first trimester

11 years Academic achievement: no significant
associations

Affect Regulation: no significant
associations

Sayal et al., 2014 UK 7965 Academic Achievement,
Attention, Affect regulation

KS2
SDQ subscale

18- and 32-weeks gestation
covering the first trimester

10–11 years Academic achievement: drinking 4 +
drinks per occasion was significantly
associated with lower KS2 scores

Attention: significant association for
girls at age 11 on the parent rated
SDQ hyperactivity/inattention
subscale and binge drinking. Further
analyses separating the effects of
daily drinking and binge drinking
found significant effects for the
exposure category 4 + drinks but not
daily drinking and the parent rated
SDQ subscale for girls and the teacher
rated SDQ subscale for the whole
sample.

Affect regulation: binge pattern of
alcohol consumption was associated
with elevated conduct problem
scores among girls (age 11) compared
to the children of mothers who
reported no binge episodes, as well
for total problems. There was no
significant association in male
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children or for daily non-binge
drinking patterns.

Sayal et al., 2009 UK 8240 Cognition
Attention
Affect regulation

WPPSI-R
SDQ

18- and 32- weeks gestation
covering the first trimester

47 months Cognition: no association with IQ score
Attention: 4 plus drinks a day were
significantly associated with higher
scores (more problematic) on the
hyperactivity/inattention subscale of
the SDQ.

Affect regulation: binge patterns of
alcohol consumption during the
second and third trimester was
associated with poorer scores on both
the conduct and total problems scale
of the SDQ among girls at 47 months
compared to children not exposed to
binge drinking. Elevated scores on
the conduct problems subscale and
total problems were apparent across
the whole sample during the 81-
month data collection window.

Sayal et al., 2007 UK 47 months (N =
9086), 81 months
(N = 8046), 93 and
108 months (N =
5648)

Affect regulation SDQ 18 weeks gestation covering
the first trimester

47, 81, 93,
108
months

Affect Regulation: alcohol intake at less
than one drink per week was
associated with poor total problems
scores at 47 months, 81 months, and
93-108 months among girls. Teacher
rated conduct score were also
elevated in this exposure category for
the whole sample at 93–108 months.
However, the association between
PAE and total problems scores was
not significant for one or more drinks
per week or for male children.

Schoeps et al.,
2018

New
Zealand

6156 Affect regulation Infant Behaviour
Questionnaire (IBQ-
R VSF); SDQ

Last trimester covering the first
and last trimester

9 months
and 2 years

Affect regulation: four or more drinks
per week was associated with
children with higher total difficulties.

Skogerbo et al.,
2013

Denmark 1628 Affect Regulation SDQ 17 weeks covering early
pregnancy

5 years Affect Regulation: no significant
associations

Skogerbo et al.,
2012

Denmark 1628 Executive function Parent rated BRIEF 17 weeks covering early
pregnancy

5 years Executive function: significant
associations between binge drinking
in gestational week 9 or later and
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Table 3. Continued.

Author, year Country

Number of
(offspring)

participants in
analysis

Neurophysiological domain(s)
investigated

Outcome(s) measure
or scale Timing of PAE

Offspring
age at

assessment

Association between PAE and
neurophysiological domain

investigated

elevated parent ratings on the
behaviour regulation index and
teacher rated metacognition index

Underbjerg
et al., 2012

Denmark 1628 Attention TEACh-5 17 weeks covering early
pregnancy

5 years Attention: significant association
between consumption of 9 or more
drinks per week and low overall
attention score, no associations
between binge drinking and
attention

Weile et al., 2020 Denmark 48,072 Attention ADHD diagnosis 11 weeks gestation covering
early pregnancy

Up to 19
years of
age

Attention: no significant associations
with ADHD diagnosis

Zuccolo et al.,
2013

UK 4061 – 8 years
6268 – 11 years

Cognition, academic
achievement

WISC, KS2 18 weeks gestation covering
the first trimester

Age 8 and 11 Cognition: no significant association
Academic achievement: no significant
association
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Cognition

A total of 11 studies used cognition as an outcome measure (Alati et al., 2008; Donald
et al., 2019; Falgreen Eriksen et al., 2012; Halliday et al., 2017; Hutchinson et al., 2019;
Kesmodel, Bertrand, et al., 2012; Kesmodel, Eriksen, et al., 2012; McCormack et al.,
2018; O’Callaghan et al., 2007; Sayal et al., 2009; Zuccolo et al., 2013). Seven of the
studies evaluated the impact of PAE on IQ: four studies evaluated IQ in children 5
years or younger (Falgreen Eriksen et al., 2012; Kesmodel, Bertrand, et al., 2012; Kesmo-
del, Eriksen, et al., 2012; Sayal et al., 2009) using the Wechsler Preschool and Primary
Scale of Intelligence (Wechsler, 2012); two studies reporting to the ALSPAC cohort
assessed IQ in 8-year-olds IQ (Alati et al., 2008; Zuccolo et al., 2013) using the Wechsler
Intelligence Scale for Children (Wechsler, 2003); and one evaluated IQ in teenagers
(O’Callaghan et al., 2007) using the Raven Progressive Matrices (Raven et al., 1998).
Only three of the studies found a significant association between PAE and IQ, two of
which drew on data from the Danish National Birth Cohort at 5 years. Falgreen
Eriksen et al. (2012) reported that there was an increased risk of low full-scale (OR
4.6; 95% CI [1.2, 18.2]) and verbal IQ (OR 2.9, 95% CI [1.4, 24.9]) when exposed to
greater than or equal to 9 drinks per week in early pregnancy compared to unexposed
children. No differences were observed between children whose mothers reported con-
suming 1–4 standard drinks or 5–8 standard drinks per week compared to children of
mothers who reported abstaining from alcohol. Kesmodel, Eriksen, et al. (2012) found
no significant difference in IQ between the children of mothers who reported binge
drinking and mothers with no binge episodes, however, they did find that binge drinking
during gestational weeks 1–2 was associated with reduced risk of low full-scale IQ com-
pared to those unexposed to binge drinking (OR 0.54; 95% CI [0.31, 0.96], p < 0.05). This
latter finding may be explained by unexplored confounding variables as no other
exposure timings were significant.

Finally, O’Callaghan et al. (2007) found a significant association between binge drink-
ing and IQ scores as measured by Raven Progressive Matrices. There was no significant
association between alcohol exposure in early pregnancy and IQ, however, there was a
higher prevalence of children with poor Raven’s scores (i.e. <85) in children exposed
to binge drinking and children exposed to alcohol in late pregnancy. The adjusted
model found that there was an increased risk for low IQ for children whose mother
reported engaging in binge drinking compared to those that reported no binge episodes
(OR 1.4, 95% CI [1.1, 1.8], p < 0.05).

The four remaining studies evaluated cognition using the cognition subscale of the
BSDI-III (Donald et al., 2019; Halliday et al., 2017; Hutchinson et al., 2019; McCormack
et al., 2018). Only one study using the BSID-III to assess cognition found any significant
differences between exposure groups. McCormack et al. (2018) assessed cognition in
infants at 12 months of age and found that compared to mothers who abstained, low-
level consumption of alcohol during the second and third trimester was associated
with slightly higher cognitive scores (Second trimester: β = 2.11, SE 0.77, p < 0.01;
Third trimester: β = 1.60, SE 0.77, p < 0.05). There were no significant differences
between mothers who abstained and the different levels of alcohol consumption for
the first trimester.
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Language

Across the 30 studies included in this review, only three studies examined the impact of
prenatal alcohol exposure on language abilities (Donald et al., 2019; D’Souza et al., 2019;
Halliday et al., 2017). All three studies assessed at two years using either a subscale of the
BSID-III or the MacArthur-Bates Communicative Development inventory (Hutchins,
2013). D’Souza et al. (2019) found that compared to those who abstained, consumption
of one or more drinks per week in the first trimester was associated with reduced like-
lihood of language difficulties (OR 0.61, 95% CI [0.48, 0.79]). However, the study
noted that there were a low number of individuals in the sample reporting moderate
or severe drinking. Similarly, Donald et al. (2019) found a significant positive association
between alcohol use during pregnancy and receptive language deficits (β = 0.57, 95% CI
[0.33, 0.96], p < 0.05). Halliday et al. (2017) found no association between PAE and
language deficits.

Academic achievement

Five studies assessed academic achievement outcomes (Alati et al., 2013; O’Callaghan
et al., 2007; Sayal et al., 2013; Sayal et al., 2014; Zuccolo et al., 2013). Four of the
studies used the Key Stage 2 (KS2), which is part of UK testing as part of the National
Curriculum at age 11; all four were analyses of the ALSPAC cohort (Alati et al., 2013;
Sayal et al., 2013; Sayal et al., 2014; Zuccolo et al., 2013). Two of the studies found an
association between academic achievement and consumption of four or more drinks
per occasion during pregnancy, although no association between daily drinking or
lower levels of alcohol consumption (Alati et al., 2013; Sayal et al., 2014). Alati et al.
(2013) found an increased risk of lower KS2 scores associated with frequent consumption
of four or more units per occasion compared to children of mothers that never consumed
alcohol (mean change 20.68, 95% CI [20.33, 21.03]). Likewise, Sayal et al. (2014) found
that drinking 4 + drinks per occasion (but not daily drinking) was significantly associated
with lower KS2 scores compared to women who reported no binge episodes during preg-
nancy (MD −0.81, 95% CI [−0.16, −1.46], p < 0.05). No significant association between
PAE and academic achievement was found for low levels of alcohol consumption (Sayal
et al., 2013) or non-binge alcohol use (Zuccolo et al., 2013).

The final study utilised the reading subscale of the Wide Range Achievement Test –
Revised (WRAT-R; Jastak (1984)), administered to offspring at age 14, which found
no association between PAE and low scores on the WRAT-R (O’Callaghan et al., 2007).

Attention

Eight studies examined attention related outcomes (Kesmodel, Bertrand, et al., 2012;
Niclasen, Nybo Andersen, et al., 2014; O’Callaghan et al., 2007; Rodriguez et al., 2009;
Sayal et al., 2009; Sayal et al., 2014; Underbjerg et al., 2012; Weile et al., 2020). Two of
the studies used a measure specifically for attention, that is, the Test Everyday Attention
for Children at Five (TEACh-5:Manly et al. (2001)) (Kesmodel, Bertrand, et al., 2012;
Underbjerg et al., 2012). Five of the remaining studies analysed the hyperactivity/inatten-
tion subscales from the Strengths and Difficulties Questionnaire (SDQ), Rutter Scale, or
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Child Behaviour Checklist (CBCL) (Niclasen, Nybo Andersen, et al., 2014; O’Callaghan
et al., 2007; Rodriguez et al., 2009; Sayal et al., 2009; Sayal et al., 2014). One study used
administrative data linking children in the birth cohort to subsequent diagnoses of
ADHD up to age 19 (Weile et al., 2020).

Of the two studies that measured attention specifically, only one found an association
between PAE and attention. Underbjerg et al. (2012) administered the TEACh-5 to a
sample of 5-year-olds in Denmark finding a significant association between maternal
consumption of nie or more drinks per week and a risk of a low overall attention
score (OR 3.50, 95% CI [1.15, 10.68]). There were no significant associations observed
between binge drinking and attention. This was similarly found in a separate analysis
of the same cohort by Kesmodel, Bertrand, et al. (2012); after adjusting for a range of con-
founding variables there was no significant associated between frequency of alcohol con-
sumption or presence of binge drinking and attention.

Only two studies found an association between PAE and hyperactivity/attention sub-
scale scores. Sayal et al. (2014) found a significant association for girls at age 11 on the
parent-rated SDQ hyperactivity/inattention subscale and binge drinking (mean differ-
ence 0.25, 95% CI [0.04, 0.47], p = 0.022). Further analyses separating the effects of
daily drinking and binge drinking found significant effects for the exposure category 4
+ drinks but not daily drinking and the parent-rated SDQ subscale for girls (mean differ-
ence 0.30, 95% CI [0.02, 0.58], p = 0.035) and the teacher-rated SDQ subscale for the
whole sample (mean difference 0.28, 95% CI [0.04, 0.51], p = 0.024). These findings
were consistent with an earlier analysis of the same cohort (ALSPAC), where the SDQ
was administered at 47 and 81 months of age (Sayal et al., 2009). Episodes of 4 plus
drinks a day were significantly associated with higher scores (more problematic) on
the hyperactivity/inattention subscale of the SDQ at both time points (mean difference
0.32, 95% CI [0.03, 0.67], p = 0.032). However, there was no association between low
levels of alcohol use and hyperactivity/inattention in the ALSPAC cohort at the same
age (Sayal et al., 2007).

The final study utilised record linkage to obtain ADHD diagnoses from the Danish
Psychiatric Central Research Register (Weile et al., 2020). The study found no significant
associations between low levels of maternal alcohol consumption or binge drinking epi-
sodes in early pregnancy and rates of ADHD in offspring.

Executive function

Three of the included studies analysed executive function: two of the studies used the
Behaviour Rating Inventory of Executive Functions (BRIEF: Gioia et al. (2000)) (Kesmo-
del, Bertrand, et al., 2012; Skogerbo et al., 2012), and the third study assessed choice reac-
tion time and information processing (Kilburn et al., 2015). All three studies assessed
executive function in children aged 5 years. Kesmodel, Bertrand, et al. (2012) found
no significant association between any level of maternal alcohol consumption and
parent-rated BRIEF scores. However, research conducted by Skogerbo et al. (2012)
found significant associations between binge drinking in gestational week 9 or later
and elevated parent ratings on the behaviour regulation index (OR 2.04, 95% CI [0.33,
3.76]) and teacher-rated metacognition index (OR 2.06, 95% CI [1.01, 4.23]) among a
cohort of 5-year-olds.
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In Kilburn et al. (2015) reaction time and information processing were assessed using
the Sternberg paradigm. The study found no significant effect of PAE on reaction time or
information processing time across the different levels of weekly intake, or for binge
drinking.

Affect regulation

The association between PAE and affect regulation was evaluated in 13 studies. The
majority of the studies (n = 9) analysed affect regulation in children between 5 and 11
years using the SDQ Total problems measure or the externalising and internalising sub-
scales. Three of the studies evaluated affect regulation in infants using different measures
(Alvik et al., 2011; Halliday et al., 2017; Schoeps et al., 2018). One study evaluated affect
regulation using the CBCL (Robinson et al., 2010).

Eight studies found an association between PAE and affect regulation, with seven
findings finding that PAE adverse affected emotional regulation. Niclasen, Andersen,
et al. (2014) found a significant association between binge drinking and externalising
scores in both early pregnancy (change in mean [RCM] 1.02, 95% CI [1.00,1.05]) and
late pregnancy (RCM 1.21, 95% CI [1.04, 1.42]). Similarly, Niclasen, Nybo Andersen,
et al. (2014) found an association between affect regulation and exposure to binge epi-
sodes for the same cohort, but only in male children. Exposure to binge episodes was
associated with an increased change in mean for externalising behaviours compared to
children whose mothers reported no binge episodes (1 binge episode: RCM 1.04, 95%
CI [1.01, 1.07]; 2–3 binge episodes: RCM 1.07, 95% CI [1.04, 1.11]; 4 + binge episodes:
RCM 1.01, 95% [0.94, 1.09], p > 0.05) and internalising behaviours (1 binge episode:
RCM 1.04. 95% CI [1.00, 1.07]; 2–3 binge episodes: RCM 1.04, 95% [1.00, 1.08]; 4 +
binge episodes: RCM 1.06, 95% CI [0.98, 1.15], p > 0.05) – although the effect was not
significant at 4 or more binge episodes. There was no significant association between
alcohol exposure and affect in girls, although there was a tendency towards increased
relative mean change. Niclasen, Nybo Andersen, et al. (2014) found a small positive
association between binge drinking and conduct scores in boys (1 binge episode: RCM
1.14, 95% CI [1.03, 1.27]; 2–3 binge episodes: RCM 1.23, 95% CI [1.08, 1.40]; 4 +
binge episodes: 1.12, 95% CI [0.86, 1.45], p > 0.05).

Alvik et al. (2013) reported that binge drinking during the early stages of pregnancy
predicted scores in the Abnormal and Borderline range of the SDQ among the cohort
of 5.5-year-olds. A binge drinking rate of less than once a week was associated with
higher Total Problem scores on the SDQ (OR 1.5, 95% CI [1.0, 2.1], p = 0.05), and
greater than or equal to once a week predicted elevated risk of abnormal or borderline
scores for total problems (OR 4.1, 95% CI [1.7, 9.8], p < 0.01), emotional subscale (OR
3.2, 95% CI [1.3, 8.0], p < 0.05), and conduct subscale (OR 3.0, 95% CI [1.3, 7.2], p <
0.05) compared to the children whose mothers reported no binge episodes.

Sayal et al. (2014) found that a binge pattern of alcohol consumption was associated
with elevated conduct problem scores among girls (age 11) compared to the children of
mothers who reported no binge episodes (adjusted MD 0.16, 95% CI [0.01, 0.31], p =
0.34), as well for total problems (adjusted MD 0.80, 95% CI [0.29, 1.31], p = 0.002).
There was no significant association in male children or for daily non-binge drinking pat-
terns. In an earlier wave of the same cohort, Sayal et al. (2009) found binge patterns of
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alcohol consumption during the second and third trimester was associated with poorer
scores on both the conduct and total problems scale of the SDQ among girls at 47 months
compared to children not exposed to binge drinking (conduct problems: adjusted MD
0.13, 95% CI [0.00, 0.25], p = 0.047; total problems: adjusted MD 0.80, 95% CI [0.40,
1.21], p < 0.001). Elevated scores on the conduct problems subscale and total problems
were apparent across the whole sample during the 81-month data collection window
(conduct problems: adjusted MD 0.12, 95% CI [0.02, 0.22], p = 0.020; total problems:
0.36, 95% CI [0.04, 0.68], p = 0.026). Findings were mixed, however, when drinking
was classified by drinks per week. Sayal et al. (2007) found that alcohol intake of less
than one drink per week during pregnancy was associated with poor total problems
scores at 47 months (OR 1.48, 95% CI [1.05, 2.10]), 81 months (OR 1.62, 95% CI
[1.10, 2.38]), and 93–108 months (OR 1.79, 95% CI [1.06, 3.00]) among girls. Further-
more, teacher-rated conduct score were also elevated in this exposure category for the
whole sample at 93–108 months (OR 1.79, 95% CI [1.02, 1.94]). However, the association
between PAE and total problems scores was not significant for one or more drinks per
week or for male children.

An association between PAE and affect regulation was also found in infancy. Schoeps
et al. (2018) found that four or more drinks per week was associated with children with
higher total difficulties score at age 2 (Beta 0.13, p = 0.009). Using the Brief Infant-
Toddler Social and Emotional Assessment (Briggs-Gowan et al., 2002) Halliday et al.
(2017) found that early binge drinking with continued low level alcohol consumption
over the duration of the pregnancy was associated with lower sensation avoidance
scores in offspring at age 2. Maternal binge drinking during early pregnancy is also
associated with a difficult temperament among six-month-old infants (Alvik et al., 2011).

One study found that light to moderate levels of drinking in early pregnancy was
associated with a reduced likelihood of scores above the clinical cut-off on the CBCL
in children aged between 2 and 14 years compared to unexposed children on the exter-
nalising (1 drink or less per week: OR 0.76, 95% CI [0.59, 0.99], p = 0.42; 2–6 drinks per
week: OR 0.69, 95% CI [0.51, 0.93], p = 0.014; 7–10 drinks per week: OR 0.46, 95% CI
[0.22, 1.00], p = 0.49), internalising (1 drink or less per week: OR 0.85, 95% CI [0.67,
1.07], p = 1.64; 2–6 drinks per week: OR 0.57, 95% CI [0.42, 0.76], p < 0.001; 7–10
drinks per week: OR 0.31, 95% CI [0.14, 0.69], p = 0.004), and total behaviour (1 drink
or less per week: OR 0.82, 95% CI [0.63, 1.06], p = 1.33; 2–6 drink per week: OR 0.63,
95% CI [0.46, 0.76], p = 0.003; 7–10 drinks per week: OR 0.43, 95% CI [0.20, 0.88], p
= 0.02) (Robinson et al., 2010). There was no significant effect on CBCL for heavy drink-
ing (11 or more drinks per week) or for PAE in late pregnancy (i.e. 34 weeks).

Adaptive behaviour, social skills, and communication

Two studies evaluated adaptive behaviour, social skills, and social communication (Halli-
day et al., 2017; Niclasen, Nybo Andersen, et al., 2014). Halliday et al. (2017) evaluated
social competencies using the Brief Toddler Social Emotional Assessment (REF). The
study found no significant association between PAE and social competencies. Niclasen,
Nybo Andersen, et al. (2014) analysed the peer problems subscale of the SDQ. There was
a significant increased risk of abnormal or borderline scores on the peer problems scale
for children not exposed to alcohol compared to children to a cumulative 15–45 drinks
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over the pregnancy (Boys: RCM 1.21, 95% CI [1.03, 1.43]; Girls: RCM 1.40, 95% CI [1.15,
1.71]). The association between PAE and peer problems were not significant for any of
the other alcohol exposure categories.

Moderators

Across the 30 included studies, parental socio-economic characteristics was the only
confounder to be consistently present. Socio-economic characteristics included one
or multiple of the following: socioeconomic position, education, social class, house
ownership, crowding, income, civil status, area-level deprivation, employment status,
marital status, and family structure. Maternal age and maternal smoking during preg-
nancy were also commonly controlled for in the majority of analyses (maternal age; n =
27; maternal smoking: n = 26). Nineteen studies included parity or number of siblings
as a key confounder in analyses. Other common variables include offspring gender (n =
15), maternal mental health during pregnancy (n = 14), and maternal physical health
during pregnancy (n = 15). Other moderators, such as ethnicity, parenting behaviour,
and other substance use were included in less than one-third of studies and can be
found in Appendix 3.

Broadly, inclusion of moderators in the models reduced the significance of the models,
for those that remained significant there was generally a small reduction in effect size,
with some exceptions. Alvik et al. (2013) examined the effects of prenatal alcohol on
behavioural symptoms, inclusion of moderators (maternal age, major lifetime
depression, birth weight, H-SCL anxiety, H-SCL depression, education (mother and
father), income mothers’ partner, and sex of child) produced a slight increase in the
effect size for the greater than once a week binge exposure category. Sayal et al. (2007)
examined the effect of prenatal alcohol on temperament, with the analyses split
between boys and girls. For the models that were significant (girls) a slight increase in
OR’s was observed. Weile et al. (2020) observed an increase in hazard ratios after
inclusion of confounding variables into the model examining associations between
binge episodes and ADHD.

In most of the 30 studies all confounding variables discussed in the methods section
were included in the model. D’Souza et al. (2019) measured a selection of prenatal vari-
ables which were treated as predictor variables and therefore not controlled for in ana-
lyses. These included maternal mental health (depression and stress), and maternal
lifestyle factors (folate and smoking behaviour). In Falgreen Eriksen et al. (2012) birth-
weight and gestational age were considered to be mediators of the effects of alcohol
exposure so were excluded from main analyses. Halliday et al. (2017) utilised a stepwise
approach which resulted in the removal of moderator variables which were not signifi-
cant in the model. This study conducted analyses on three outcome variables cognition
(maternal age, maternal education, pre-pregnancy BMI, folate supplements in T1,
folate supplements in T2/T3, household income), language (maternal age, ethnicity,
maternal education, smoking in pregnancy, pre-pregnancy BMI, folate supplements
in T2/T3), and motor (maternal education, parity, and household income) with the
dropped variables shown in parentheses. Negrao et al. (2020) utilised a directed
acyclic graph to identify confounding variables, as a result prematurity and intrauterine
growth restriction was not identified as a confound or included in analyses. Niclasen,
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Andersen, et al. (2014) removed cumulated alcohol exposure from their analyses as it
did not contribute significantly to the model. Finally, Sayal et al. (2007) listed child
gender as a confound but conducted separate gender analysis and therefore did not
control for it.

Discussion

This review investigated the relationship between PAE and neurodevelopmental out-
comes, while considering the effect of confounding variables. Overall, evidence of the
effects of PAE on neurodevelopmental outcomes are mixed for most of the outcomes
evaluated in this review. None of the studies reviewed found evidence of effects of
PAE on executive function but there were varied effects for motor skills, cognition,
language, academic achievement, attention, affect regulation, and adaptive behaviour
and social skills. The presence or absence of adverse effects of PAE depended in part
on the timing of exposure (e.g. early versus late pregnancy) and amount of exposure
(e.g. binge versus daily drinking), although effects were not consistent across or within
outcomes. Most studies included in this review were determined to be of good quality
and unlikely to be biased by error based on the risk assessment completed on the NOS.

The most consistent effect found across studies was the impact of PAE on affect regu-
lation. Seven out of eleven studies found adverse effects of PAE on affect regulation, par-
ticularly for heavy alcohol consumption or binge drinking during pregnancy (Alvik et al.,
2011; Sayal et al., 2014; Skogerbo et al., 2013). Findings were more mixed with respect to
low levels of alcohol consumption, with one study finding that low to moderate alcohol
consumption (less than 10 standard units per week) was associated with a reduced risk in
clinical behaviour problems.

A number of studies appeared to show low levels of alcohol use in pregnancy as pro-
tective against adverse neurodevelopmental outcomes (Kesmodel, Eriksen, et al., 2012;
Niclasen, Nybo Andersen, et al., 2014; Robinson et al., 2010). This finding may reflect
unexplored confounding variables in the non-drinking population. Previous research
has consistently found that the non-drinking population has increased morbidity and
mortality compared to occasional and light drinkers. The population of women that
do not drink during pregnancy is also more likely to include populations experiencing
increased hardship, such as refugees or those already at risk of adverse pregnancy out-
comes. The population of low to moderate alcohol drinkers, in contrast, may be more
affluent. A New Zealand birth cohort found that low levels of alcohol use throughout
pregnancy was most common in older women (over 40), New Zealand European
women, and women from socioeconomically advantaged backgrounds (household
income over $150,000). Differences in socioeconomic status between women who
engage in low to moderate alcohol use in pregnancy compared to women who engage
in heavy alcohol use or abstain during pregnancy have also been reported in other
cohorts (McCormack et al., 2018; Niclasen, Nybo Andersen, et al., 2014; Nykjaer et al.,
2014; Zuccolo et al., 2013). For this reason, it is appropriate to distinguish between
two groups of women who do not consume alcohol during pregnancy: women who
abstain during pregnancy (but who consumed alcohol before pregnancy) and women
who do not drink alcohol. This distinction has potential to control for socioeconomic
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differences between women who do not drink alcohol and women who drink low to
moderately (Zuccolo et al., 2013).

Confounding variables could account for some of the variation between PAE and neu-
rodevelopment outcomes. Long-term neurodevelopmental outcomes of PAE are suscep-
tible to confounding variables in the home environment between the in-utero exposure
and the outcome measurement. This study did not reveal any protective factors. All
studies controlled for maternal baseline variables and other exposures in utero,
however few of the studies included confounds relating to the environment after birth
such as parenting styles, quality of the caregiving environment, and domestic relation-
ships. Although the studies in this review controlled for known, measurable potential
confounding factors, other unmeasured confounders in the postnatal environment
that impact outcomes are possible, such as traumatic childhood events (Price et al.,
2017), parents alcohol consumption (Huq et al., 2021) and child–parent relationship
(Pinquart, 2017). For example, there is some evidence to suggest that PAE and exposure
to traumatic events in childhood together result in more severe impairments in neuro-
developmental outcomes rather than just PAE alone (Price et al., 2017). Future research
could further explore these postnatal confounding variables that may account for some of
the variation between PAE and neurodevelopment outcomes.

The effects of PAE on neurodevelopmental outcomes may be different for male and
female offspring. Specifically PAE was associated with negative effects on attention
(Sayal et al., 2014) and affect regulation (Sayal et al., 2007; Sayal et al., 2014) for
female offspring only, while one study found PAE had negative effect on affect regulation
in males only (Niclasen, Andersen, et al., 2014). Perhaps the effects of PAE on neurode-
velopmental outcomes, especially affect regulation, could be differential for males and
females, due to different mechanism effecting how alcohol impacts development.
However, due to only a few studies examining neurodevelopment outcomes for male
and female offspring in this review it is difficult to draw conclusions on the effects of
gender on the relationship. Therefore, future research should further investigate the
potential effects of gender on PAE and neurodevelopmental outcomes, by examining
results separately for each gender.

Most of the studies (n = 19) in this review assessed the neurodevelopmental outcomes
in children under the age of 6. It could be that neurodevelopmental outcomes become
more obvious, as children become older and their developmental demands change,
and then impairments become easier to detect. Alternately, it could be that the way neu-
rodevelopmental outcomes are measured is not as effective at detecting outcomes across
all age groups. Regardless, people with FASD who access support services early have
improved quality of life in part due to greater access to services and support (Domeij
et al., 2018), therefore, it is essential not to delay diagnosis until the outcomes are
more visible, but to be cautious in how FASD is diagnosed. For example, one study
demonstrated eye movement technology was able to detect those with FASD from
those without in children as young as 5 (Zhang et al., 2019).

Although confounding variables likely effect the relationship between PAE and neu-
rodevelopmental outcomes, further variation could be due to how neurodevelopmental
outcomes are conceptualised and measured. Each neurodevelopmental outcome is a
complicated and multifaceted domain, so perhaps studies examining these outcomes
only focus on part of the outcome rather than the whole domain. For instance, in the
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Canadian FASD guidelines (Cook et al., 2016) the neurodevelopmental outcome of adap-
tive behaviour, social skills or communication, covers people’s ability to learn and adapt
their behaviour to their environments, their ability to communication with others both
verbally and non-verbally and their ability to maintain socially appropriate social
relationships. To determine impairment in this domain, for a diagnosis with FASD,
the recommended approach is to use informant interviews, direct observation and collec-
tion of information from records, to enable a clinician to make an informed judgement
on the severity of impairment (Cook et al., 2016). The two studies that assessed this
domain in this review, used questionnaires that assessed relationships with others (Halli-
day et al., 2017; Niclasen, Nybo Andersen, et al., 2014), with no studies looking at adap-
tive behaviour or communication. What is more, no studies in this review examined
neurophysiological or memory outcomes, despite PAE likely resulting in impairments
in these domains (Cook et al., 2016). Therefore, perhaps more research is needed for
each neurodevelopment outcome to ensure the whole domain is being studied.

Most studies included in this review drew information from Western countries.
Research into FASD in non-western countries is emerging, such as in South Africa
(May et al., 2016) and children adopted from Russia and Ukraine (Colom et al., 2021),
however this work is relatively new and focuses on the prevalence of FASD. Research
of FASD in non-western countries difficult due to the lack of resources and FASD
being largely unrecognised (Adnams, 2017), despite the estimated high prevalence of
alcohol consumption during pregnancy (Popova et al., 2018). Two studies included in
this review drew data from non-western countries, one from Brazil finding no association
between PAE and cognition and inconsistent findings with motor skills (Negrao et al.,
2020), another from South Africa found no association with motor skills or cognition
(Donald et al., 2019), suggesting that research into PAE effects are in their infancy in
non-western countries. Non-western counties are likely to experience different con-
founding variables due to different economic, social and cultural factors, such as the
effects related to HIV or poverty in African countries (Adnams, 2017). Therefore,
future research from non-western countries would be useful to provide further insight
the effect of PAE on neurodevelopmental outcomes.

Limitations

The results from this research should be considered in context of its limitations. Firstly,
due to the nature of the research there are limitations in the types of studies that can be
included. Observational research is unable to make strong causal inferences and as men-
tioned earlier is susceptible to problems of residual confounding. This review aimed to
put an increased focus on confounding factors to gain a better understanding of the
impact of environmental or maternal characteristics, other than PAE, that may negatively
affect offspring outcomes. Although all of the included studies controlled for known con-
founding factors, very few controlled for other environmental factors, limiting possible
analyses. Furthermore, large-scale cohort studies are often prone to attrition bias.
Using the Newcastle Ottawa Scale (Penson et al., 2012), 63% of included studies were
introduced to potential bias due to high levels of attrition.

Due to significant heterogeneity of the included studies a meta-analysis was not
undertaken rather a narrative review was conducted. Heterogeneity was observed in
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many aspects of the included studies design. The definition of a standard drink, based on
grams of alcohol, varied depending on country of origin. The classification of low, mod-
erate, heavy, and binge drinking also varied between studies, with some studies using
unique brackets of exposure. Across the eight neurodevelopmental outcomes assessed
there were varying diagnostic tests or psychometrics utilised, as well as different
means of reporting, for example, total scale scores versus an individual subscale score.
Finally, the timeframes both for exposure assessments and outcome measurement
varied greatly between studies, limiting comparability.

Consistently, across all of the included studies alcohol exposure was assessed by
maternal self-report. Although primarily prospective methods were used (29 out of 30
studies) minimising retrospective recall bias, this form of measurement may still be
prone to biases. Alcohol consumption is often susceptible to social desirability response
bias, particularly in the case of the more stigmatised maternal consumption of alcohol
(Davis et al., 2010). As a result, consumption may be under-reported. Furthermore,
many of these studies conducted only one assessment of alcohol consumption. More
regular assessment periods or use of different methodology may increase the quality of
data produced and allow for more extensive analysis of pattern, frequency, and quantity
of consumption across the pregnancy.

Finally, study inclusion was restricted to those published in the English language.
However, previous research has indicated that exclusion of non-English language
studies is unlikely to introduce systematic bias (Jüni et al., 2002; Moher et al., 2003; Mor-
rison et al., 2012).

Conclusions

Based on this comprehensive review of available large-scale cohort data, it is not possible to
conclude a safe level of alcohol consumption during pregnancy. The longitudinal cohort
studies produced mixed findings in most of the 10 neurodevelopmental domains con-
sidered in this review. Limitations outlined highlight the need to improve the quality
and consistency in which PAE is studied, using methodology which may improve causal
inferences. Finally, further exploration of residual confounding variables is vital, including
characteristics of the environment after birth and via the separate classification of women
who abstain from alcohol during pregnancy and those who do not drink at all.
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Appendix 1. CINAHL search strategy.

# Search terms Results

S1 TI (((alcohol use) OR alcohol) AND (consum* OR expos* OR drink*)) OR AB (((alcohol use) OR alcohol) AND
(consum* OR expos* OR drink*)) OR MW (((alcohol use) OR alcohol) AND (consum* OR expos* OR
drink*))

52,344

S2 TI (matern* or pregnan* or f?etal or prenatal) OR AB (matern* or pregnan* or f?etal or prenatal) OR MW
(matern* or pregnan* or f?etal or prenatal)

315,248

S3 TI (motor skills or neurophysiology or cognition or language or academic achievement or memory or
attention or executive function or affect regulation or adaptive behavio?r or social skills or
communication or fine motor or gross motor or IQ or intelligence or ((education* or school) and
achievement) or inattention or emotional development or emotional regulation or behavio?r problems
or developmental delay or neurodevelopment*) OR AB (motor skills or neurophysiology or cognition or
language or academic achievement or memory or attention or executive function or affect regulation
or adaptive behavio?r or social skills or communication or fine motor or gross motor or IQ or
intelligence or ((education* or school) and achievement) or inattention or emotional development or
emotional regulation or behavio?r problems or developmental delay or neurodevelopment*) OR MW
(motor skills or neurophysiology or cognition or language or academic achievement or memory or
attention or executive function or affect regulation or adaptive behavio?r or social skills or
communication or fine motor or gross motor or IQ or intelligence or ((education* or school) and
achievement) or inattention or emotional development or emotional regulation or behavio?r problems
or developmental delay or neurodevelopment*)

565,786

S4 TI (prospective or longitudinal or follow-up or cohort) OR AB (prospective or longitudinal or follow-up or
cohort) OR MW (prospective or longitudinal or follow-up or cohort)

818,896

S5 S1 AND S2 4085
S6 S3 AND S4 AND S5 173
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