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the dose-dependent effects of alcohol is challenging. The 
amount, frequency, and timing of alcohol consumption, 
in addition to genetics, diet, and overall health, all have a 
substantial moderating impact on how much PAE affects 
the outcomes of children [5–7]. While research on animals 
elucidates a multitude of pathophysiological mechanisms 
by which alcohol consumption during pregnancy disrupts 
fetal development, extrapolating the conclusions from these 
studies to human subjects continues to present difficulties, 
and there are gaps in our understanding regarding the degree 
to which conclusive clinical recommendations can be made 
for humans.

The Avon Longitudinal Study of Parents and Children 
(ALSPAC), commonly referred to as the"Children of the 
90 s"study examined, among a number of prenatal factors, 
the effects of PAE using a prospective birth cohort study 
approach. The study was designed and conducted in Avon, 
UK examined genetic and environmental determinants of 

Introduction

Health concerns regarding prenatal alcohol exposure (PAE) 
have been documented for decades. Exposure to alcohol in 
utero has been linked to craniofacial abnormalities, growth 
restriction, and cognitive deficits [1]. Fetal Alcohol Spec-
trum Disorder (FASD) is the broad diagnostic term encom-
passing a wide range of effects that can result from PAE 
[2]. Still, in Canada and the United States an estimated 
10–15% of pregnant women consume alcohol during preg-
nancy, with 3%– 5 % of women binge drinking [3, 4]. Due 
to obvious ethical and logistical considerations, studying 
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health and development. The study recruited over 14,000 
pregnant women gathering information on their alcohol 
consumption using a mailed survey at approximately 18–23 
weeks’ gestation [8]. A wealth of information on a variety 
of factors, including maternal health, lifestyle choices, and 
environmental exposures, as well as specific postnatal out-
comes like the child's physical, behavioral, cognitive, and 
emotional development, were included in the massive data-
set that came from the ALSPAC study. This information was 
extremely valuable for researching the long-term effects of 
PAE.

The Avon Longitudinal Study of Parents and Children 
(ALSPAC) cohort was selected for this review due to its 
exceptional strengths in exploring the impacts of prena-
tal alcohol exposure on offspring outcomes. ALSPAC is 
remarkable for its rigorous data gathering approach ensuring 
fidelity and accuracy across its longitudinal tracking of over 
14,000 pregnancies since the 1990 s. Its validated and stan-
dardized measures minimize bias and the study's governance 
framework facilitate transparent data sharing to researchers 
worldwide. This has notably resulted in a vast body of peer-
reviewed publications, demonstrating its value as a robust 
data resource. The cohort’s relatively uniform demographic 
profile—including participants with similar socioeconomic, 
ethnic, and social class backgrounds—reduces confounding 
variables, enabling more precise analyses of the impacts of 
prenatal alcohol exposure. Furthermore, the ALSPAC data-
set offers comprehensive longitudinal metadata, showing 
detailed information on prenatal exposures and a range of 
cognitive, behavioral, and psychiatric outcomes in offspring. 
These features, in addition to the international reputation of 
the cohort study for data integrity and extensive oversight, 
make ALSPAC particularly suited for investigating nuanced 
developmental trajectories associated with prenatal alcohol 
exposure.

ALSPAC data have been used in several research stud-
ies to investigate a wide range of aspects of the influence 
of PAE on fetal development throughout the life course. 
Several ALSPAC investigations have leveraged genetic 
approaches—such as Mendelian Randomization (MR) and 
Polygenic Risk Score (PRS) analyses—as well as nega-
tive-control comparisons (e.g., paternal exposures) to help 
distinguish causal intrauterine effects from shared familial 
confounding. However, the results and recommendations 
derived from these investigations vary and are often con-
tradictory. A comprehensive review with an emphasis on 
research employing data from the ALSPAC cohort is neces-
sary to critically synthesize the information that is already 
available.

This paper's objective is to provide a critical analysis and 
summary of research findings from studies that have explic-
itly looked at the connection between PAE and offspring 

outcomes utilizing ALSPAC data. The main goal of this 
study is to clarify the consequences of prenatal alcohol con-
sumption as reported in one of the largest longitudinal stud-
ies to date, therefore expanding the field of maternal-fetal 
health research. It is important to note that, owing to the 
observational designs of the included ALSPAC-based stud-
ies, our aim is to synthesize reported associations between 
PAE and offspring outcomes rather than to draw causal 
inferences.

Methods

Search Strategy

This comprehensive review was conducted in line with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines to identify and syn-
thesize peer-reviewed research articles focusing on the rela-
tionship between prenatal alcohol exposure and outcomes 
in offspring using data from the Avon Longitudinal Study 
of Parents and Children (ALSPAC) cohort. A structured 
literature search across multiple electronic databases was 
conducted, including EMBASE, PubMed, PsycINFO, and 
MEDLINE, to identify peer-reviewed research articles pub-
lished from 1990 up to September 2024. Additionally, the 
ALSPAC website contains a “Publications” page which lists 
all publications by year. Each year’s tab, from 1990 through 
2024, was searched using a combination of the following 
keywords and terms, while employing Boolean operators 
(AND, OR) were to ensure a comprehensive search: “alco-
hol”, and “exposure” in all listed article titles:"Avon Longi-
tudinal Study of Parents and Children,""ALSPAC,""Prenatal 
alcohol exposure,""fetal alcohol spectrum disor-
ders”, “FASD”,"offspring outcomes,""cognitive 
outcomes,""psychiatric outcomes,"and"behavioral out-
comes". Reference lists of relevant studies that met the 
inclusion criteria were also manually screened to identify 
additional articles. The search was conducted between 
August 2023 and September 2024 to ensure recently 
published articles were included. While several primary 
ALSPAC articles discuss causal pathways, this review 
focuses on summarizing the associations reported, without 
applying formal causal inference criteria.

Inclusion and Exclusion Criteria

Studies were included in the review if they were origi-
nal articles employing any study design and utilizing data 
from the ALSPAC cohort to investigate the impact of PAE 
(defined as any self-reported or biomarker-confirmed alco-
hol consumption during gestational period), on at least one 
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outcome, including but not limited to neurodevelopmen-
tal, behavioral, or physical health measures. Other criteria 
for inclusion include publication in English between 1991 
(inception of ALSPAC) to September 2024. Articles were 
excluded if they did not specify the use ALSPAC data or 
simply mentioned ALSPAC without reporting any direct 
analysis of its data, did not focus on PAE and/or did not 
focus on offspring outcomes. Studies using multi-cohort 
designs without disaggregated ALSPAC-specific results 
(e.g., [9] were excluded from this review.

Study Selection Process

Three independent reviewers screened all the identified 
titles and abstracts to determine their relevance to the 
topic while duplicates were expunged. Full-text articles of 
potentially eligible studies were subsequently retrieved and 
assessed against the inclusion and exclusion criteria. The 
studies were independently examined by all reviewers for 
possible biases related to participant recruitment, confound-
ing, and exposure and outcome measurement. Discrepancies 
between the reviewers were resolved via critical discus-
sions and by consulting a third reviewer (MM) to reach a 

consensus. The study selection process is as documented 
in the PRISMA flow diagram show in Fig. 1. It provides 
details of the total number of studies screened, assessed for 
eligibility, included, or excluded, and reasons for exclusions 
at each stage.

Data Extraction and Synthesis

Information extracted from each study include demographic 
characteristics of the participants, study design, sample size, 
quantity, and trimester-specific details on PAE, outcomes 
on the offspring including cognitive, physical, psychiatric, 
behavioral, or developmental, and age at outcome assess-
ment. Other details which helped to provide nuanced inter-
pretation of the overall evidence and the potential sources of 
variations in study findings include the reported effect modi-
fiers, confounders, confidence intervals and key conclu-
sions. A narrative synthesis was conducted to summarize the 
findings from the included studies. The review synthesized 
findings thematically according to the reported outcomes of 
each study (e.g., effects of PAE on cognitive and neurode-
velopmental variables, behavioral, mental health etc.) while 

Fig. 1  PRISMA flow chart
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measurement instruments used to categorize low, moderate, 
and high alcohol consumption levels.

The reviewed studies examined a wide range of offspring 
outcomes associated with PAE such as Cognitive and Neu-
rodevelopmental outcomes (namely; Intelligence Quotient 
[IQ], and educational outcome [Academic achievement], 
using the Weschler Intelligence Scale, and the KS2 exam 
scores); Mental Health outcomes (Behavioral and emo-
tional outcomes which assessed inattention, hyperactivity, 
conduct problems, antisocial behavior, and adolescent drug 
and alcohol problems), using parent/teacher reported scales; 
Physical Health and Growth outcomes (e.g. Birth weight, 
and growth trajectories); and Psychiatric outcomes (namely: 
Psychosis Like Symptoms [PLIKS], Borderline Personal-
ity Disorder [BPD], Tourette Syndrome, and Chronic Tic 
Disorder).

Characteristics of the included studies

The 26 included studies were published between 1996 and 
2023. Study sample sizes ranged from 186 to 13,617 partici-
pants, with the majority - 8 studies (30.76%) examining the 
impact of PAE on mental health outcomes and cognition, 6 
studies (23.07%) investigating the impact of PAE on child’s 
educational performance, 5(19.23%) on behavioral and 
emotional outcomes, and 3(11.53%) on the impact of PAE 
on birth weight. The characteristics of the included studies 
are summarized in Table 1.

Alcohol consumption was measured at multiple points 
during pregnancy, including reports for each trimester. 
Alcohol intake was self-reported by mothers through struc-
tured questionnaires administered during pregnancy. In 
some studies [10–15], retrospective recall was utilized in 
later assessments to account for alcohol use in early preg-
nancy. Alcohol use was also frequently classified as low (1 
to 2 units of alcohol per week), moderate (up to 3 to 6 units 
of alcohol per week) or heavy (binge drinking - defined 
across the studies as consumption of more than 6 or 7 units 
of alcohol in a short period). In line with UK national health 
guidelines, a unit of alcohol is defined as 8 grams (10 mil-
liliters) of pure ethanol, to standardize the classification 
across studies. For many of the studies, participants who 
reported complete abstinence during pregnancy were clas-
sified as non-drinkers. Heavy drinking was associated with 
increased risk of adverse fetal outcomes (please see Table 
1). Those with incomplete or inconsistent data on alcohol 
use were excluded from the analyses. In all the studies, spe-
cific attention appears to have been given to the frequency, 
timing, and intensity of alcohol consumption during preg-
nancy to better understand its impact on child development 
across various life stages. In most of the studies, outcome 
variables (IQ/cognitive abilities, behavioral, physical, 

recognizing variations in methodological approaches, and 
exposure/outcome measurements.

Risk of Bias

In this review, we conducted qualitative assessment of 
potential biases across the studies included by examining 
whether outcomes of the studies were objectively reported, 
including unfavorable or non-significant findings. Although 
no statistical analysis of the risk of publication bias was con-
ducted (e.g., Egger’s test) as the study was not concerned 
with a meta-analysis of results, the authors acknowledge 
the potential for selective reporting, especially in studies 
demonstrating significant associations between PAE and 
child outcomes. Overall, many of the studies showed low to 
moderate risk of bias, with only a few suggesting high risk, 
particularly due to insufficient control of confounding fac-
tors. These potential biases were considered in interpreting 
the overall strength and reliability of the evidence and also 
articulated in the discussion of findings.

Results

The initial database search yielded a total of 93 articles. 
After eliminating 11 duplicates, 82 articles remained for 
title and abstract screening. These 82 articles were further 
deemed potentially eligible and were selected for full-text 
review. The full-text review led to the removal of 54 articles 
for not meeting inclusion criteria and advancing the remain-
ing 28 chosen as eligible for this review. The reasons for 
exclusion at each stage are detailed in the PRISMA flow 
diagram (Fig. 1). All included studies were conducted with 
data drawn from the Avon Longitudinal Study of Parents 
and Children (ALSPAC) study and investigated the relation-
ship between prenatal alcohol exposure (PAE) and various 
offspring outcomes. Among the 28 ALSPAC‐based articles, 
18 used standard observational analyses, 3 employed nega-
tive‐control comparisons, 6 applied genetic instruments (i.e. 
MR = 5 or PRS = 6), and 1 was a narrative review (please 
see Table 1).

Exposure/Outcome Assessment

The included studies analyzed data on PAE at different tri-
mester. There were variations in the definitions of PAE, with 
most studies classifying exposure levels based on the fre-
quency of alcohol consumption (e.g., drinks per day, drinks 
per week, or units per week) as well as quantity (e.g., units 
of alcohol per week). Some studies evaluated timing effects 
by further stratifying exposure based on gestational period. 
Nevertheless, there were variations in the cut-offs and 
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levels of drinking (<1 unit of alcohol/week) during preg-
nancy. In another study maternal binge pattern alcohol con-
sumption was related to lower offspring KS2 scores at age 
11, independent of maternal regular daily drinking [22].

Episodic binge drinking during pregnancy may there-
fore decrease offspring academic achievement, even in the 
absence of maternal daily drinking patterns [22]. In contrast, 
moderate drinking patterns (at least 1 drink/day) were not 
associated with AA in the absence of binge drinking [22]. 
In a more recent narrative review [10] reported that light-to-
moderate drinking had no association with AA. Within the 
ALSPAC cohort, mothers of higher SES were more likely 
to consume alcohol during pregnancy but less likely to 
binge drink [17, 23]. Alati et al. [20] compared the effects of 
maternal and paternal alcohol exposure during the period of 
pregnancy on KS2 scores at age 11. Their analysis ruled out 
the potential confounding effects of Socioeconomic status 
(SES) on childhood and found that maternal consumption of 
up to one unit of alcohol (10 grams) was not associated with 
AA. Frequent consumption of 4 or more units of alcohol 
on any one occasion was related to poorer offspring aca-
demic achievement at age 11 (mean change in KS2 score 
of −0.68). The difference in the relationship between mater-
nal and paternal drinking pattern with child AA suggests an 
intra-uterine mechanism of binge alcohol consumption that 
may reduce offspring AA.

Mental Health

A variety of mental health related factors have been studied 
in relation to PAE amongst the ALSPAC cohort. Three main 
themes were apparent in the literature: behavioral and emo-
tional problems, psychiatric outcomes, and adolescent drug 
and alcohol problems.

Behavioral & Emotional Problems

Several ALSPAC studies utilized the Strengths and Diffi-
culties Questionnaire (SDQ) to assess childhood behavioral 
and emotional mental health outcomes [19, 24–26]. The 
SDQ was designed to be completed by parents or teachers 
and contains four sub-scales: hyperactivity/inattention, con-
duct problems, emotional symptoms, and peer relationships, 
which are summed to generate a total general difficulties 
score [27]. The SDQ also contains a prosocial scale.

Sayal et al. [26] studied the relationship between alcohol 
use during the first trimester and mental health outcomes 
measured by parent rated SDQs at 47 and at 81 months and 
by teacher completed SDQs at 93–108 months. Some nega-
tive effect was noted for boys on parent rated SDQs, but 
only when higher SDQ score cutoffs for severity were used 
and with higher levels of maternal drinking. Similarly, Sayal 

social, and psychiatric) were measured using various scales 
as shown in Table 1.

Cognition, Intelligence Quotient and Academic 
Achievements

Alati et al. [16] reported that maternal use of alcohol in the 
first trimester was not associated with offspring IQ at age 8 
to any greater degree than was paternal alcohol use during 
the same period of pregnancy. Over 19% of the variance 
in child IQ at age 8 was explained by parental education, 
whereas alcohol and tobacco consumption during preg-
nancy only accounted for 0.04% of the variance. Similarly, 
Zuccolo et al. [17] did not find any negative effect of first 
trimester light to moderate maternal alcohol consumption 
on offspring IQ at age 8. Findings, however, showed moder-
ate use (up to 6 units of alcohol per week) was associated 
with better cognitive outcomes. The use of 7 or more units 
of alcohol per week during the first trimester of pregnancy 
was related to lower child IQ scores [17].

Other studies reported a negative effect of moderate PAE 
on childhood cognition, particularly in a specific subset of 
individuals. Lewis et al. [18] demonstrated a negative effect 
of moderate (1–6 glasses of alcohol/week) PAE on child-
hood IQ at age 8 amongst children with any of four spe-
cific variants of alcohol metabolizing enzymes. Bandoli et 
al. [10] showed that low to moderate PAE is not associated 
with adverse neurocognitive or behavioral outcomes on 
offspring. Sayal et al. [19] examined binge pattern alcohol 
consumption (defined as 4 or more drinks per occasion) in 
the second and third trimester of pregnancy, and offspring 
IQ at 49 months (measured by the Wechsler Preschool and 
Primary Scale of Intelligence). Their findings demonstrated 
that binge drinking was associated with lower IQ scores in 
univariate analyses, but after confounding variables were 
controlled for, the relationship was not significant [19]. It 
should be noted that only a small subset of the ALSPAC 
cohort population (n=924) was analyzed in this study due to 
limited IQ data availability [19].

A number of studies utilizing the ALSPAC database 
examined the impact of PAE on academic achievement 
(AA) [10, 17, 20–23]. Findings on the effects of PAE on off-
spring AA have produced mixed findings, with some studies 
demonstrating clear associations between PAE and lower 
academic performance, while others have found little to no 
significant effects. In one study by Sayal et al. [21], light 
drinking in first trimester of pregnancy (defined as <1 drink 
per week) had no effect on childhood academic outcomes 
at age 11 as measured on the Key Stage 2 (KS2) exams. 
Zuccolo et al. [17] found that children of mothers report-
ing moderate drinking (1–6 units of alcohol/week) had bet-
ter KS2 scores than did children of mothers reporting light 
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was related to an increased risk of PLIKS (adjusted OR per 
10 units 1.41, 95% CI 0.95–2.09). However, once mothers 
consuming over 21 units of alcohol per week were omitted, 
there was no evidence of an association between prenatal 
alcohol use and risk of PLIKS.

Winsper et al. 29] examined the association between 
PAE at 18 and 32 weeks, and borderline personality dis-
order (BPD) at age 11–12. A total of 6050 children were 
interviewed using the UK Childhood Interview for DSM-
IV BPD Interview (UK-CI-BPD). The alcohol consump-
tion level cut-off used in statistical analyses was set at 1 or 
more drinks per day. In the unadjusted analyses, PAE at 18- 
and 32-weeks’ gestation was significantly associated with 
BPD, but when sex and birth weight were controlled for, 
only alcohol consumption at 32 weeks remained significant. 
Once postnatal factors were controlled for (maternal smok-
ing, family adversity, postnatal maternal alcohol consump-
tion, etc.), neither relationship remained significant.

In a more recent study, Easey et al. [30] studied the asso-
ciation between PAE at 18 weeks’ gestation and offspring 
depression at age 18. Depression was measured using a ver-
sion of the Clinical Interview Schedule-Revised (CIS-R). 
Results showed that individuals with any PAE by 18 weeks 
had an increased risk of depression at age 18 (OR= 1.18 
95% CI). Additionally, there was a linear trend between the 
amount of alcohol consumed and the risk of depression in 
the offspring.

PAE has also been studied in relation to Tourette syn-
drome and chronic tic disorder [13]. Tourette syndrome is 
a neuropsychiatric disorder beginning in early childhood 
that is characterized by multiple vocal and motor tics, while 
chronic tic disorder is similar but includes only motor or 
vocal tics but not both. Mathews et al. [13] found that con-
sumption of greater than 2 alcoholic beverages per week 
during the final 2 months of pregnancy was associated with 
increased risk of Tourette syndrome at age 13–14 (p=0.03, 
CI 95% [1.05–2.33]) and that any use of alcohol, tobacco, 
or caffeine during the third trimester was related with an 
increased risk of either Tourette syndrome or chronic tic dis-
order (p=0.05 and p=0.01 respectively). Both of these asso-
ciations remained significant after adjustment for SES [13].

Haan et al. [31] explored the relationship between PAE 
and attention-deficit hyperactivity disorder (ADHD) in the 
offspring. They were unable to find a significant association 
between the two. The authors attributed the lack of a signifi-
cant association between prenatal alcohol exposure (PAE) 
and ADHD in offspring to potential methodological limi-
tations. These included factors such as small sample sizes, 
variability in the measurement of PAE, and the influence of 
unmeasured confounding variables like genetic predisposi-
tions or postnatal environmental influences. Additionally, 
they suggested that the effects of PAE on ADHD might be 

et al. [21] looked at the effects of low prenatal alcohol con-
sumption (<1 unit/week) during the first trimester on child 
mental health outcomes at age 11. No association was found 
between low levels of PAE, and teacher rated SDQ scores. 
Although an insignificant negative effect for low-level alco-
hol consumption on parent-rated SDQ scores was found for 
girls, there was no evidence of any dose-dependent response 
in any of the SDQ subscales or overall [21]. A weak asso-
ciation was, however, found for teacher rated SDQ scores 
demonstrating lower total problem scores for offspring of 
mothers who consumed ≥1 unit of alcohol per week com-
pared to abstainers.

A study by Sayal et al. [22] reported that binge drinking 
was associated with high levels mental health problems in 
offspring [19, 22]. Gender interactions were significant for 
behavior and total problems at 47 months, with the relation-
ship being stronger for girls than for boys At 81 months, 
after adjusting for confounders, maternal binge drinking was 
associated with higher SDQ scores among both boys and 
girls, with no gender interactions noted at this age [19]. The 
main risks were for hyperactivity and inattention problems. 
At age 11, maternal binge drinking was related to higher 
teacher-rated SDQ scores for inattention/hyperactivity in 
both genders and to higher parent-ratings of inattention/
hyperactivity and total problems in girls [22]. Parent-rated 
conduct problems were also higher in girls than boys at age 
11, but this trend was not observed in teacher ratings [22]. 
In both of the aforementioned studies, the mental health 
risks of maternal binge pattern drinking remained even after 
daily drinking was accounted for [19, 22]. Another study by 
Kendler et al. [25] also looked at the impact of PAE on child 
and adolescent behavior utilizing the Revised Rutter Par-
ent Scale for Preschool Children questionnaire to examine 
conduct difficulties and hyperactivity at 42 months., PAE 
was identified as a significant predictor of conduct difficul-
ties and hyperactivity. While antisocial behaviors were pre-
dicted by maternal alcohol intake in univariate analyses, the 
relationship was not sustained in the multivariate analyses.

Psychiatric Outcomes

Several studies from the ALSPAC database have explored 
the impact of PAE on psychiatric outcomes among adoles-
cents. A study by Zammit et al. (28) examined the associa-
tion between PAE and psychosis-like symptoms (PLIKS) at 
age 12 (n=4253). The findings suggested a significant, but 
non-linear effect between maternal alcohol intake during 
pregnancy and suspected or definite PLIKS both before (OR 
per 10-unit increase in alcohol 1.24, 95% CI 1.03–1.50) and 
after (adjusted OR per 10 units 1.19, 95% CI 0.97–1.45) 
adjustment for confounders [28]. When trimester of expo-
sure was analyzed, only first trimester alcohol exposure 
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male offspring of women who consumed alcohol dur-
ing pregnancy [32]. Alcohol intake during pregnancy was 
also not associated with female offspring Anti-Müllerian 
hormone (AMH) levels, a marker of ovarian reserve, dur-
ing adolescence (mean age 15.4) [11, 12]. Shaheen et al. 
[33] investigated whether PAE may be related to the risk of 
atopic outcomes at age 7, no associations were found.

Childhood balance was also studied. Dynamic balance, 
static balance with eyes open and static balance with eyes 
closed were not associated with low to moderate levels of 
maternal drinking at 18 weeks’ gestation [34]. High levels of 
alcohol consumption, defined at 7 or more drinks per week, 
were, in fact, positively correlated with children’s balance 
abilities, yet the authors suggest this finding was likely due 
to residual confounding as higher alcohol use was associ-
ated with social advantage [34]. The authors also examined 
the relationship between childhood balance and PAE using a 
Mendelian randomization approach, and again, no associa-
tions were found [34].

Gender

Several studies put forward that effects of low levels of PAE 
may have a stronger impact on female mental health [19, 
20, 22, 26]. In regards to light drinking, two studies found a 
stronger relationship to mental health outcomes in girls, yet 
the associations were small and there was a lack of dose-
dependent relationship when comparing light drinkers to 
mothers who drank one or more units of alcohol per week 
[21, 26].

One ALSPAC study suggested a possible impact of PAE 
on offspring gender roles. Gender role behaviors were ana-
lyzed at 42 months of age, with the Pre-School Activities 
Inventory (PSAI), a standardized assessment completed by 
the child’s primary caregiver that includes 24 items reflect-
ing children’s participation in sex-typical activities and 
games. The authors found that girls born to mothers who 
used alcohol during pregnancy significantly showed more 
masculine-typical behaviors (t = 3.226 p < 0.01) Increased 
masculine-type behavior in boys was also associated with 
maternal first trimester alcohol consumption [35].

Discussion

The impact of prenatal alcohol exposure (PAE) on various 
developmental outcomes shows considerable variability 
in the existing research. Current studies indicate that low 
levels of PAE, in general, do not have a significant effect 
on offspring academic achievement (AA) [10, 21]. Simi-
larly, moderate alcohol consumption by pregnant women 
has not been shown to affect child AA [22]. However, the 

subtle or mediated by other neurodevelopmental pathways, 
making them harder to detect in their study.

Adolescent Alcohol Use

In a study by Macleod et al. [24], the strongest predictor of 
offspring alcohol use at age 10 was maternal alcohol use 
during early childhood, however PAE was not related to risk 
of offspring drinking at age 10. Furthermore, the relation-
ship between paternal and maternal alcohol use during preg-
nancy and offspring outcomes were of similar direction and 
magnitude, further arguing against an intrauterine influence 
of PAE on risk of subsequent offspring alcohol use Macleod 
et al. [24]. Additionally, smoking at age 10 did not appear 
to be related to PAE either [24]. In another study by Kend-
ler et al. [25], offspring alcohol consumption and alcohol 
problems at age 15 and 18 were associated with maternal 
alcohol intake during pregnancy in univariate analyses, but 
the association was no longer significant in multivariate 
analyses. In a more recent study Zaso et. al (2021) found 
that heavy PAE did not have a significant effect on when 
adolescences first started drinking (compared to their non- 
exposed peers). However, the study showed that heavy pre-
natal alcohol exposure diminishes the protective effects of 
delayed alcohol exposure in adolescence.

Birth weight, gestational age, growth trajectories

Using data from hospital delivery records, Passaro et al. [8] 
compared birth weight and gestational age at time of deliv-
ery between infants born to mothers who consumed alcohol 
during pregnancy with those who did not. Alcohol con-
sumption during early pregnancy (18–23 weeks’ gestation) 
was not found to affect the risk of preterm delivery overall 
8]. Regarding birth weight, Passaro et al. [8] found support 
for the “J-curve” phenomenon, whereby light drinkers (less 
than one drink daily), not abstainers, had infants with the 
highest birth weights. Women who consumed alcohol daily 
during pregnancy had the highest proportion of low-birth 
weight infants (< 2500 gm). Compared to infants of light 
drinkers, those born to mothers consuming one to two units 
of alcohol daily during pregnancy weighed an average of 
100 gm less and infants born to mothers who consumed 
three or more units of alcohol daily weighed an average of 
200 gm less at birth [8]. Of the potential confounding vari-
ables accounted for, only maternal smoking seemed to alter 
the alcohol-birth weight association, with infants of mothers 
who smoked and drank daily weighing less than infants of 
mothers who drank daily but did not smoke [8].

A handful of other unrelated studies have examined vari-
ous other potential health effects of PAE. An investigation 
of hypospadias found no difference in the prevalence among 
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behaviors, often shaped by both parents, play a significant 
role in child cognitive outcomes. It is also possible for 
reporting biases and social norms to conceal the true effects 
of maternal drinking. The relationship between parental 
alcohol use and child IQ is therefore complex, requiring 
more critical study to properly comprehend these dynam-
ics, which involve both direct biological effects and indirect 
environmental influences. Altered gene expression resulting 
from epigenetic changes in sperm may impact the child's 
neurodevelopment and cognitive function [38]. Significant 
epigenetic alterations caused by paternal alcohol use could 
impact on the child's IQ that is on par with or even greater 
than the direct teratogenic effects of maternal alcohol use. 
The lack of consideration given to paternal genetic and epi-
genetic contributions in studies investigating the effects of 
maternal alcohol consumption may account for the observed 
less significant effect of maternal alcohol consumption in 
these studies.

This highlights the potential role of individual genetic 
differences in the way pregnant women metabolise alco-
hol and the way fetuses respond to PAE. Moreover, other 
studies, including those by Alati et al. [16, 17, 19], showed 
minimal impact of maternal binge drinking on childhood 
IQ by 49 months of age. Overall, these findings emphasize 
the complexity of how PAE interacts with various factors, 
including parental education, alcohol consumption levels, 
genetic factors, and binge drinking patterns, to influence 
child IQ outcomes.

In the systematic review by Kippin et al [39] which 
assessed 7 studies examining oral and written communica-
tions skills of adolescents with PAE by looking at verbal 
learning, memory, semantic processing/knowledge, reading 
and spelling, findings indicated that these skills were weaker 
in the moderate PAE group compared to the group with no/
little PAE. However, the studies differed in their methodolo-
gies, and many findings were inconsistent between studies. 
Arguably, the adolescents with moderate PAE had poorer 
communication skills due to a combination of neurodevel-
opmental damage, cognitive deficits, and unfavorable envi-
ronmental influences.

Notably, none of these studies investigated academic 
achievement or IQ beyond adolescence. Academic perfor-
mance can undergo significant changes after the teenage 
years, particularly as individuals advance through higher 
education and transition into their professional careers. 
This shift may be attributed to the increasing complexity 
of academic material and the demands for enhanced cog-
nitive capacity and advanced abstract reasoning—skills 
often impaired in individuals with Prenatal Alcohol Expo-
sure (PAE). To gain a comprehensive understanding of PAE 
effects on academic success, future research should include 
longitudinal studies that track academic and professional 

overwhelming majority of evidence from the body of litera-
ture within the ALSPAC studies suggest that episodic binge 
drinking during pregnancy negatively affect offspring aca-
demic performance, irrespective of the mother's daily alco-
hol consumption patterns.

One possible explanation for these findings is that binge 
drinking results in a high concentration of alcohol exposure 
to the fetus in a short period of time. This intense exposure 
can cause acute and severe harm to the developing fetus, 
potentially leading to more pronounced negative outcomes 
in offspring. In contrast, daily alcohol consumption gener-
ally results in lower levels of acute exposure compared to 
binge drinking, which may mitigate the extent of damage to 
the fetus in utero. However, the cumulative exposure over 
time may still pose significant risks. This is a concerning 
trend, especially given that binge drinking among preg-
nant women has increased by approximately 8.9% annually 
from 2012 to 2019 (Howard et al., 2022). Such rising rates 
underscore the need for increased awareness and preventive 
measures to address the potential risks associated with high 
levels of alcohol consumption during pregnancy.

The impact of maternal and paternal alcohol use during 
the first trimester on child IQ at age 8 was also a central 
focus of some of the studies reviewed. The findings from 
the studies appear mixed for many reasons. Maternal alco-
hol consumption in pregnancy did not have a greater impact 
on the child’s IQ compared to paternal alcohol use. These 
results suggest that the differences in IQ observed may be 
more influenced by environmental factors than solely by the 
direct effects of prenatal alcohol exposure (PAE), although 
PAE may still contribute as a risk factor for IQ challenges. 
Expanding on this, Zuccolo et al. [17] found that light to 
moderate alcohol consumption (up to 6 units per week) in 
the first trimester did not adversely affect child IQ by age 
8; in fact, it was associated with better cognitive outcomes. 
Conversely, consuming 7 or more units per week was linked 
to lower IQ scores in children. This suggests a dose-depen-
dent relationship, where higher levels of alcohol consump-
tion may have harmful effects on cognitive development.

Additionally, Lewis et al. [18] reported that moder-
ate PAE had a negative impact on childhood IQ at age 8, 
but this effect was moderated by specific genetic variants 
related to alcohol metabolism. First, limitations in method-
ological approaches, such as variations in research design 
and differences in how maternal and paternal alcohol use 
were reported and measured, are major contributors to 
these inconsistencies. While maternal alcohol use directly 
impacts the development of the fetus via teratogenic effects, 
genetic and epigenetic changes in sperm that may influ-
ence offspring IQ and neurological development can also 
result from paternal alcohol use [36, 37]. In addition, post-
natal environmental factors, including SES and parenting 
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environmental, and biological factors associated with low 
SES. The studies are consistent with previous findings indi-
cating that children exposed to both PAE, and low SES con-
ditions often experience compounded risks, such as limited 
access to quality education and healthcare, increased expo-
sure to chronic stress, poor nutrition, and unstable living 
conditions, all of which impact negatively on well-being and 
affect brain development and mental health. Furthermore, 
the availability of protective factors—such as early access 
to intervention support, social support, as well as access to 
quality educational resources—that may lessen the negative 
effects of PAE are influenced by SES. Therefore, the syn-
ergistic risk environment created by the combined effects 
of SES and PAE suggests that understanding mental health 
outcomes of children requires taking into account larger 
context of socioeconomic conditions rather than focusing 
solely on PAE.

Other outcomes such as temperament did not have a 
strong link to PAE when accounting for other confound-
ing variables such as SES. This further suggests that SES 
and other factors may play a more significant role in mental 
health outcomes than PAE alone. An updated study should 
explore how SES contributes to the risk of PAE-related out-
comes. By integrating SES into the analysis, we can gain 
deeper insights into how economic/social conditions exac-
erbate or mitigate the effects of PAE. This could potentially 
lead to more targeted and effective interventions by taking 
a multidimensional perspective in research and policymak-
ing. Studies by Macleod et al. [15, 24] found that PAE does 
not influence the age at which adolescents start drinking 
alcohol. Maternal alcohol intake during childhood seemed 
to have more of an effect on initiation [24, 25]. Zaso et al. 
[15] showed that children exposed in utero did not experi-
ence the normal protective effects that usually come with 
delayed alcohol exposure.

This suggests that children prenatally exposed to alcohol 
are at higher risk for alcohol problems even when alcohol 
initiation is deliberately delayed. Prenatally exposed ado-
lescents should be encouraged to delay starting alcohol 
use to prevent this problem. These evidences also suggest 
that a child's social and environmental upbringing—which 
includes parental modeling of drinking behavior, family 
attitudes toward alcohol, and the availability of alcohol in 
the home—have a greater impact on a child's early alcohol 
use. Early alcohol experimentation is more likely when a 
child observes their mother drinking, as it may normalize 
alcohol use for them as they grow older or serve as a coping 
mechanism in stressful or unstable situations. Thus, these 
studies challenge the idea that PAE alone is the primary 
cause of adolescent drinking behavior from an academic 
perspective, emphasizing the need to consider the more 
complex, ongoing family dynamics and environmental 

outcomes well into adulthood. Coles et al. [40] examined 
individuals who were exposed to alcohol during pregnancy 
and middle adulthood. Anxiety, depression, and bipolar 
affective disorder were among the mental health conditions 
that were more common in those with PAE.

Many studies examining the effects of PAE on cognitive 
outcomes such as IQ and AA face a significant limitation 
due to persistent confounding factors, particularly SES. 
For instance, research within the ALSPAC cohort reveals 
that higher SES mothers are more likely to consume alco-
hol during pregnancy but are less likely to engage in binge 
drinking Von Hinke Kessler Scholder et al. [17, 23]. This 
discrepancy skew findings on the impact of maternal alco-
hol consumption on offspring outcomes, as the influence of 
parental socioeconomic advantages may eclipse the effects 
of alcohol alone. In contrast, Alati et al. (2014) found that 
binge alcohol consumption is less influenced by social and 
lifestyle factors and is more directly associated with intra-
uterine mechanisms. This suggests that while SES might 
significantly alter general patterns of alcohol consumption, 
the adverse effects of binge drinking on fetal outcomes 
could be more intrinsically related to intrauterine effects. 
Regardless, this highlights the importance of differentiat-
ing the effects of SES from PAE to better understand the 
true relationship between maternal drinking patterns and 
child cognitive outcomes. This differentiation is crucial for 
accurately assessing the direct consequences of PAE and for 
developing targeted interventions to address it.

The link between PAE and mental health is less vague. 
While PAE does not have any association with ADHD or 
BPD it still contributes to issues such as hyperactivity and 
depression [31]. Using the Revised Rutter Parent Scale for 
Preschool Children questionnaire Kendler et al., [25] found 
a strong association between PAE and hyperactivity. Easey 
et al. [41], discovered that depression has a dose dependent 
relationship with the amount of maternal alcohol consump-
tion at 18 weeks. Despite minimal effect of cofounders, it 
is possible that the small number of women in the high-
consuming group might differ significantly in other factors, 
such as mental health or personality traits which may have 
an influence on offspring. Mathews et al. [13] found that 
consuming >2 alcoholic beverages per week in the last 2 
months of pregnancy was linked to a significant increase in 
the risk of Tourette syndrome at ages 13–14, after adjusted 
for SES [13]. In a more current study Clark et. al (2024) 
shows that 82% of people with PAE have a co-occurring 
diagnosis - the most common being ADHD, learning disor-
ders and intellectual disability [42].

The evidence in the APSPAC studies resonate with past 
and contemporary studies showing a more profound com-
bined effect of SES and PAE on a child's mental health 
outcomes than PAE alone due to the interplay of social, 
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interventions and support at the first sign of trouble can 
prevent more serious issues from developing.

In future studies, it would also be beneficial to explore the 
potential connection between PAE and other substances 
such as cocaine, marijuana, and cigarettes. It is possible that 
the co-use of certain substances with alcohol lead to syn-
ergistic effects, causing more severe/different developmen-
tal issues. Based on various ALSPAC studies, there is no 
strong correlation between PAE and physical changes such 
as child balance [34], atopy [33], hypospadias [32], or teen-
age ovarian reserve (Fraser McNally et al., 2013). There is 
also no correlation between light-moderate PAE and facial 
defects such as a smooth philtrum, thin upper lip, and short 
palpebral fissures, which are usually associated with Fetal 
Alcohol Spectrum Disorder [46]. However, a few of the 
ALSPAC studies suggested that girls may be more vulnera-
ble to behavioral and emotional consequences of PAE at the 
ages of 47–103 months [19, 26] and at age 11 [21, 22]. This 
increase in vulnerability in early childhood and at age 11 
show that there is some consistency in PAE outcomes across 
different developmental stages. Further studies may benefit 
from examining whether this trend extends into adulthood 
as the female offspring of the ALSPAC cohort age.

Limitations

A significant limitation of current research is its focus on 
adolescents and children, with insufficient attention to 
adult outcomes. Longitudinal studies that track individuals 
exposed to alcohol in utero throughout their entire lifespan 
could help resolve some of the discrepancies in understand-
ing the relationship between PAE and various outcomes. 
Despite all the studies included in this review utilizing the 
same data source (ALSPAC), definitions and cut-offs for 
PAE varied between studies. Timing exposure analyzed 
also varied between studies. This made direct comparisons 
between studies difficult. A universal definition of what 
constitutes light, moderate, and heavy drinking during 
pregnancy would significantly aid in cross-comparisons of 
research on PAE. Another limiting factor was the breadth 
of confounding variables that may have affected results. 
These include lifestyle factors such as exercise, sleeping 
pattern, social support etc. For example, women in the 
ALSPAC sample who drank moderately (1–6 drinks/wk.) 
during pregnancy were older, from a higher social class, had 
a higher level of education, and had better diets [17].

Additionally, there are several inherent limitations in 
obtaining data from a cohort study such as ALSPAC. First 
there is selective attrition bias, whereby participants who 
discontinued the study vary from those who remained in the 
study. For instance, the families who dropped out were more 

exposures throughout childhood. These findings underscore 
the importance of addressing adolescent drinking behav-
ior through a comprehensive and individualized approach. 
Individual-level strategies can be designed to integrate fam-
ily counseling, targeted education, and support systems to 
help address the unique constellation of risk factors faced 
by each adolescent. This nuanced approach acknowledges 
the interplay between biological vulnerabilities and psycho-
social influences, fostering more effective prevention and 
intervention efforts.

Value of Genetic and Triangulation Approaches

The ALSPAC literature spans a spectrum of analytic 
designs—each with unique bias profiles—that, when com-
bined, impacts inference for prenatal alcohol exposure 
(PAE). Negative-control comparisons (e.g., Alati et al. {16, 
20, 41]) contrast maternal vs. paternal or partner alcohol 
use to help rule out shared familial and environmental con-
founders. Genetic instrument methods leverage inherited 
variants as proxies for exposure: several Mendelian ran-
domization (MR) studies [17, 23, 33, 43, 44] use ADH1B 
or other metabolism-related alleles to infer causality, while 
polygenic risk score (PRS) analyses [31] integrate numer-
ous loci to model maternal predisposition to drinking. By 
triangulating evidence; drawing on negative-control, MR, 
and PRS results as recommended by Treur et al. [45], 
complementary strengths and distinct limitations of each 
approach can be exploited, thereby increasing confidence 
that observed associations reflect true intrauterine effects 
rather than residual confounding. Future syntheses should 
continue to stratify and compare findings by design type to 
more robustly interrogate PAE’s causal impacts.

Recommendations

There are few strategies that can be helpful for healthcare 
providers, public health experts, and policy makers in pre-
venting prenatal alcohol exposures:

1.	 Education and Awareness: Provide information about 
the risks associated with alcohol use, especially for 
those with a history of prenatal exposure. If adolescents 
understand the potential impact, it may motivate them 
to make healthier choices.

2.	 Supportive Environment: A supportive environment 
that encourages healthy coping strategies is vital. This 
can include counseling, mentorship programs, and peer 
support groups.

3.	 Early Intervention: Monitoring adolescence so any signs 
of problematic behavior can be caught early. Providing 
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as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
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likely to have experienced PAE than those who did not [29]. 
Second, self-report data is subject to social desirability bias, 
whereby participants may have inaccurately reported alco-
hol consumption to appear more favorable to the researcher.

Finally, the age group of the ALSPAC cohorts limits the 
examination of any health effects that may arise later in life 
as the sample ages. Academic or behavioral problems may 
be less apparent at a younger age, with detriments becom-
ing more pronounced as children transition into independent 
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of life. As the ALSPAC cohort population continues to age, 
additional health conditions and concerns should be studied 
in relationship to PAE.

Conclusion

This review provides an overview of the outcomes of PAE 
according to the ALSPAC database. Given the overall con-
sequences of PAE, physical and medical outcomes were 
surprisingly few among the studies reviewed. This further 
highlights the urgent need for further expansive research 
to fully understand PAE’s impact on the offspring. Given 
the potential risks underscored in this article that are associ-
ated with even light-moderate alcohol consumption during 
pregnancy, it is important to prioritize prevention through 
comprehensive education and supportive policies. By pro-
moting total abstinence and increasing awareness, we can 
help protect the health and well-being of future generations.
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