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PURPOSE: Although abstinence is recommended in pregnancy, many pregnancies are
exposed to alcohol. Observational studies of the effects of low to moderate prenatal alcohol
exposure (PAE) and neurodevelopmental outcomes have yielded inconsistent results, with
some studies finding an increased risk of adverse neurobehavioral and cognitive outcomes,
and other studies finding no changes or reduced risk of the same outcomes. The purpose

of this narrative review is to summarize these inconsistencies and apply a methodological
framework to discuss how different parameters contribute to the findings. The authors also
provide recommendations on how to advance future research in this area.

SEARCH METHODS: The PubMed, Web of Science, and Embase databases were searched,
along with reference lists of selected systematic reviews and meta-analyses. Search terms
used were (infant or child or children or adolescent or offspring) AND (low or light or mild

or moderate or low-to-moderate) AND (drinking or alcohol or drinks) AND (pregnancy or
prenatal or fetal) AND (neurodevelopment or behavioral or psychological or cognitive or
developmental) NOT (mice or rat or fish or animal) NOT (meta-analysis or review). Peer-
reviewed original research studies were included if they analyzed associations between

an exposure defined and characterized as low/light or moderate PAE with offspring
neurodevelopmental outcomes. Animal studies, studies that did not provide clear cutoff points
to classify PAE categories, studies lacking an abstinence control group, and studies that did not
present a multivariable-adjusted measure of association were excluded.

SEARCH RESULTS: The searches identified 2,422 papers, with 36 papers meeting eligibility
criteria. These studies were carried out across nine countries and included samples ranging
from approximately 500 to 40,000 participants. Cognitive, academic, socioemotional, and
behavioral outcomes were assessed from infancy through age 19.

DISCUSSION AND CONCLUSION: When the findings from the selected articles were
summarized by geographic region, exposure definition, or neurodevelopmental outcome, no
consistent observations or patterns emerged between low to moderate PAE and offspring
outcomes. Although some studies found positive (i.e., beneficial) associations between low
to moderate PAE and outcomes (primarily outcomes related to cognition) and others found
negative (i.e., detrimental) associations (primarily for behavioral outcomes), most findings
were null (i.e., showed no effect of PAE). The heterogeneity in study results is likely due to
methodological issues, including residual confounding, effect measure modification, and
exposure misclassification that make synthesis of studies difficult. Alternative study designs,
including longitudinal trajectory analysis, sibling design, negative controls, and instrumental
variable analyses, may reduce biases and are discussed. To date, the consequences of light
to moderate levels of PAE on neurodevelopment remain unresolved; studies that advance
methodological rigor will be important contributions to the field.

KEYWORDS: alcohol; prenatal alcohol exposure; fetal alcohol spectrum disorders;
epidemiology; low, light, or moderate exposure; neurodevelopment
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Prenatal alcohol exposure (PAE) is a necessary cause of fetal
alcohol spectrum disorders (FASD), a group of alcohol-related
conditions characterized by neurodevelopmental problems.
Although PAE is associated with many adverse physical,
neurodevelopmental, and social outcomes, the most commonly
studied are neurodevelopmental—primarily behavioral and
cognitive—outcomes. Associations between heavy PAE (which
is inconsistently defined) or binge PAE (defined as consuming
four or more drinks in about 2 hours in women, or the amount
of alcohol necessary to achieve a blood alcohol concentration of
0.08% or higher') and adverse neurodevelopmental outcomes
have been well documented in the literature.* However,
findings regarding associations between lower levels of PAE
and neurodevelopmental outcomes are inconsistent, with
summations to date yielding, at best, inconclusive results.”
Moreover, there is no consensus in the literature on the
definition of “low to moderate” PAE—or, correspondingly, the
level of harm that low to moderate PAE may cause®—leaving
pregnant individuals and their clinicians ill-equipped to assess
risk of exposure.

Several systematic reviews®° and at least four meta-
analyses?!'1% have assessed associations between low to
moderate PAE and child neurodevelopmental outcomes.
Pooling results from studies published through 2012, Flak and
colleagues reported a small positive association between mild
to moderate PAE (defined as up to six drinks per week) and child
cognition (beta estimate 0.04; 95% confidence interval CI [0.00,
0.08)); seven studies).? They also identified a modest association
between moderate PAE (defined as up to six drinks per week,
including some individuals who consumed at least three drinks
per week) and adverse behavioral outcomes, such as problems
with behavior regulation and increased demand for attention
at ages 9 months to 5 years (beta estimate -0.15; 95% CI [-0.28,
-0.03]; three studies).? A more recent meta-analysis, pooling
studies published through 2020, also found that low to moderate
PAE (author characterized, or one to fewer than seven drinks
per week) was associated with adverse behavioral outcomes
(i.e., attention problems) at ages 6 to 17 (OR 1.21; 95% CI [0.88,
1.65]; six studies). However, the magnitude of associations
estimated varied dramatically across studies.'* Dissimilar to the
prior studies, a meta-analysis specifically examining the effect
of low to moderate PAE (< 20 g/week to < 50 g/week) on risk
of attention-deficit/hyperactivity disorder (ADHD) reported
no effect (OR 0.96; 95% CI [0.86, 1.02]; six studies).12 Studies
included in this review used a few different measures to assess
ADHD symptoms between ages 3 and 14.12

The impetus remains to better understand the
relationship between low to moderate PAE and offspring
neurodevelopmental outcome. Although most authoritative
bodies recommend complete abstinence from alcohol during
pregnancy, PAE continues to be common, particularly in the
early weeks of gestation prior to pregnancy recognition. In
surveys conducted by the Behavioral Risk Factor Surveillance
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System between 2018 and 2020 in the United States, about
14% of pregnant women reported past 30-day alcohol use.* It is
possible that the inconclusiveness in previous research findings
is not driven by a paucity of research, but by inconsistencies in
methodology used across studies. The purpose of this narrative
review is thus threefold. First, it briefly summarizes select
literature of low to moderate PAE and neurodevelopmental
outcomes, noting consistencies and inconsistencies in

findings. Second, it reviews methodological issues that limit
valid ascertainment of the effects of low to moderate PAE on
offspring neurodevelopmental outcomes. Third, it discusses
alternative study designs that may address key methodological
issues for consideration in future research.

Methods

Search Strategy

The PubMed, Embase, and Web of Science databases were
searched on June 13,2022. The search terms used to identify
articles were (infant or child or children or adolescent or
offspring) AND (low or light or mild or moderate or low-to-
moderate) AND (drinking or alcohol or drinks) AND (pregnancy
or prenatal or fetal) AND (neurodevelopment or behavioral or
psychological or cognitive or developmental) NOT (mice or rat
or fish or animal) NOT (meta-analysis or review). Results of the
search strategy were checked against reference lists of existing
systematic reviews and meta-analyses to verify that the search
was comprehensive, 261112

Eligibility Criteria

The inclusion criteria for this review were: (1) peer-reviewed
original research study; (2) human participants; (3) PAE
characterized as low, light, mild, moderate, or low to moderate;
and (4) any neurobehavioral or developmental outcome in
offspring. Exclusion criteria were: (1) reference group other
than “no PAE” or abstinence; (2) no parameters provided for
the quantity or frequency of alcohol exposure that was used to
classify individuals as having low, light, mild, moderate, or low to
moderate PAE; (3) inability to separate PAE from co-occurrence
with exposure to other substances; (4) no adjustment for
confounding variables; (5) no measure of association presented
for low/light or mild/moderate PAE categories (e.g., exposure
was analyzed as a continuous variable); (6) quasi-experimental
study design; and (7) alcohol exposure not specific to the
pregnancy period.

Data Abstraction and Synthesis of Results

One of two reviewers examined titles and abstracts of each
article to identify articles meeting criteria for full text review.
During full text review, one of two reviewers abstracted the
following information from each study: (1) author and year;
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Duplicate Records (n=717)

Excluded Records (n = 29)

PubMed | Web of Science | Embase
(n=1,644) (n=1,040) (n=455)
Y
4 \
Title of Abstract Review
(n=2,422)
\\ J
4 \
Full Manuscript Review
(n=65)
. J
Y
4 \
Included Articles
(n=36)
. J

No measures of association presented for low/light or moderate categories of PAE (n = 13)

PAE exposure groups not limited based on criteria for low/light or moderate categories (n = 4)

Mendelian randomization study (n = 2)
No control group for "no alcohol exposure" (n = 3)
Alcohol exposure not pregnancy-specific (n = 2)

No adjustment for covariates (n = 5)

Figure 1. Sample selection for inclusion in this review. Note: PAE, prenatal alcohol exposure.

(2) data source and sample size; (3) study setting and offspring
birth years; (4) definition of low/light PAE; (5) definition of
mild/moderate PAE; (6) definition of one drink or one unit

of alcohol; (7) timing of PAE measurement; (8) outcome,
outcome measurement tool, and age of offspring at outcome
measurement; (9) confounding variables considered; and (10)
results. These data are summarized in Appendix 1.

Results

The search of PubMed (n = 1,644), Embase (n = 455), and Web

of Science (n = 1,040) databases yielded 2,422 unique records,
65 of which met criteria for full text review. Of these, 29 were
excluded (see Figure 1 for details of exclusions), and 36 were
included in the final set. With a few exceptions, most studies
reported no associations between low or moderate PAE and
offspring neurodevelopment. Appendix 1 synthesizes the
results by study location, exposure definition, timing of exposure
measurement, and neurodevelopmental outcome.

Study Location

Included studies reported data from Australia (eight studies);*>%
New Zealand, Australia, Ireland, and the United Kingdom (one
study);?® Denmark (nine studies);?**2 Denmark and Finland (one
study);3® Japan (one study);** South Africa (one study);%> the
United Kingdom (nine studies);*¢-*® and the United States (six
studies).***° Of note, many of the studies published from the
same country used data from the same source. For example, half
of the Australian studies used the Western Australian Health
Survey data;!>141%21 seven of the nine Danish studies used data
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from the Lifestyle During Pregnancy Study (based on a sample
from the Danish National Birth Cohort);?¢-%2 and six of the nine
U.K. studies used data from the Millennium Cohort Study.3¢-3941.50
Individual studies with the same data source often used the same
definition of PAE but varied by study outcome or offspring age at
neurodevelopmental assessment.

Some patterns were observed in study findings by country.
For example, all studies from Denmark and Denmark/Finland
reported mostly no effect of low to moderate PAE (i.e., null
findings). Two studies—one using data from the Danish National
Birth Cohort?*> and one using data from the Aarhus Birth
Cohort?*—published findings suggesting potential protective
associations between low PAE and ADHD in both sexes?* and
between low to moderate PAE and internalizing problems among
boys.? Results from each of the Australian studies were also
mostly null, although two studies reported some evidence for
worse behavioral problems with low PAE,*>'” and three studies
reported some evidence for better behavioral,*¢ cognitive,'® and
academic outcomes with low PAE.?! Studies from the United
Kingdom focused on potential sex differences in the associations
between low to moderate PAE and neurodevelopmental
outcomes. Two studies using data from the Avon Longitudinal
Study of Parents and Children reported worse behavioral rating
scores among girls (but not boys) exposed to light PAE compared
to children without PAE.*° Two analyses using data from the
Millennium Cohort Study reported that light PAE was associated
with better cognitive scores®*%” and lower behavioral scores®”
among boys relative to boys without PAE. Of the six studies from
the United States, findings from three studies suggested worse
behavioral outcomes with light to moderate PAE compared with
no PAE,*4548 one study noted a possible protective association
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between light PAE and autism spectrum disorder (ASD),** and the
remaining two studies showed null results*#? (see Appendix 1).

Prenatal Alcohol Exposure

There was tremendous heterogeneity in how low/light or
moderate PAE were defined. Most studies included in this
review defined these categories based on the average quantity
of drinks consumed per week. Of these, low/light PAE was most
frequently defined as averaging one to four units of alcohol per
week, with specific definitions ranging from less than one unit
per week to less than seven units per week. The studies using
the higher threshold of fewer than seven units per week were
mostly conducted in Australia, matching the definition of low-
risk drinking for women.1>-1720.21.52 Many studies also considered
units per occasion in their drinking definition. For example, most
studies using data from the Millennium Cohort study defined
low PAE as “not more than one to two units per week or per
occasion;”3¢-%8:50 and most studies using the Western Australian
Health study defined low PAE as “not more than seven drinks
per week and up to two drinks per occasion.”1>1920.2152 The
study from South Africa considered only the number of drinks
per occasion (mild to moderate: not more than three drinks in
one sitting, never binge drinking),?® and the study from Japan
considered only frequency of drinking (low PAE: drinking rarely
to one to four times per month).3* For moderate PAE, most
definitions were between three and 10 drinks per week. Some
considered drinks per occasion in addition to drinks per week
(range from more than two to five drinks per occasion).

The definition of a drink or unit of alcohol also varied by
country. A standard drink was typically defined as 10 grams of
pure alcohol in Australia; 12 grams in Denmark; and 8 grams or
half a pint of beer, a glass of wine, or a single measure of spirits
or liquor in the United Kingdom (see Appendix 1). No clear
pattern of study findings emerged by definition of low/light PAE,
moderate PAE, or unit of alcohol.

Timing of PAE Assessment

In all studies analyzed, PAE was assessed using self-report by
the women as there are no biomarkers that could provide details
on the dose and timing of low to moderate PAE. Twenty-two of
the included studies collected self-report information on PAE
during pregnancy,6-18:2022:33,.35,40,42434749 and 14 studies relied

on reports obtained after pregnancy,'>19:21:3436.37.39:41,44-46.48,50
including 10 studies with reporting occurring within 1 year of
delivery.1519.21.36-3941.4550 Qnly three studies assessed PAE at

the same time as or after the infant outcome was assessed (i.e.,
retrospectively). Of these, two reported that light to moderate
PAE was associated with worse behavioral problems at age

23 months*® and at ages 9 to 10 years;*¢ and the third—a case
control study examining associations with ASD—reported mostly
null findings, with the exception of a protective association
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between one to two drinks in the first month of pregnancy and
lower odds of ASD.#

Neurodevelopmental Outcomes

The studies included in this review assessed neurocognitive,
academic, and behavioral outcomes when offspring were
between the ages of 2 months and 19 years. None of the included
studies reported worse neurocognitive outcomes with low to
moderate PAE. For example, studies examining associations
between PAE and Bayley Scales of Infant Development mental
development and psychomotor indices in infants ages 12 to 24
months reported mostly null findings,'”2°4252 with one study
suggesting that low PAE in the second and third trimesters was
associated with better cognitive outcomes.*® Three studies
examining associations between PAE and IQ at about age 5 also
reported null findings.?32¢?° Four studies using data from the
Millennium Cohort Study that assessed cognitive development
with the British Abilities Scale reported protective associations
between light PAE and cognitive outcomes in boys at age 3¢ and
age 5,% but null associations when the boys were evaluated at
ages 7 and 11.38%

For measures of socioemotional and behavioral health, most
studies used data ascertained with either the Strength and
Difficulties Questionnaire (10 studies?%30.33:36-4143) or the Child
Behavior Checklist (CBCL; seven studies!516:2223.34354¢) Eqr
these measures, offspring age at the time of assessment varied
greatly and results were mixed with no clear pattern identified.
Others studies examined PAE in relation to specific diagnoses,
including ADHD (two studies)?*“* and ASD (two studies),**° with
all studies reporting null or protective results. Three studies used
infant behavior rating checklists to measure behavioral outcomes
ininfants ages 9 to 24 months. All three studies reported that
light to moderate PAE was associated with worse behavioral
outcomes in infancy, including increased infant difficultness,*®
poorer social engagement,* and more sensation seeking.””

Regarding academic outcomes, three studies reported null
associations between PAE and academic achievement.?4%4° One
study reported that low PAE was associated with lower odds of
meeting Australian numeracy academic benchmarks, but had no
effect on meeting reading, spelling, or writing benchmarks.?

Discussion and Comment

Despite a large and growing evidence base, making

inferences about the effects of light to moderate PAE on
neurodevelopmental outcomes in offspring remains difficult.
Heterogeneity in effect estimates has persisted over the past 20
years, with both harmful and protective effects observed. Due to
differences in study approach (summarized in Appendix 1) and
methodological limitations, the diverse study results are difficult
to synthesize. The following section further details these issues.

ALCOHOL RESEARCH current Reviews



Methodological Issues With the Study of Light to
Moderate PAE

Definition of exposure

Currently, there are no standard criteria or consensus for
defining low/light or moderate levels of PAE. This heterogeneity
in exposure definitions has undoubtedly contributed to
inconsistencies of effect estimates and has limited the ability to
make comparisons between studies. Even in abstracting data for
this review, the authors were limited to papers that self-classified
exposure into low/light or moderate PAE. Undoubtedly, many
additional studies have investigated similar exposure levels but
did not label them as such and therefore could not be included

in this review because they were not identified in the literature
searches.

Nondifferential exposure misclassification:

Static measurement of PAE

Studies of PAE often use time-insensitive, or static,
categorizations of exposure (e.g., categorizing the entire
pregnancy as “high” consumption based only on PAE at
conception) that fail to incorporate the dynamic changes in
exposure that occur across pregnancy. These changes typically
occur around the time of pregnancy recognition (which can

be highly variable across individuals) when many women
reduce their consumption or abstain from alcohol. For some
pregnancies, changes also occur later in pregnancy as the
perceived “risk period” for fetal development passes and women
feel more comfortable resuming some level of alcohol use. The
timing of these transition points may be informative with respect
to offspring development but frequently is not examined.
Further, when time-varying exposures are collapsed into static
variables, a resulting exposure misclassification may lead to
attenuation of effect estimates. This is particularly of concern
when studying the consequences of low and moderate PAE,
where modest effect estimates can disappear entirely due to
exposure misclassification.

Differential exposure misclassification: Recall bias

There are no validated biomarkers that reflect prenatal exposure
several years after birth; consequently, PAE is frequently
measured by maternal recall. The gold standard approach in

the collection of PAE information is through timeline follow-
back>® during pregnancy before the outcome is known, after
which recall bias may occur. Due to stigma, individuals who
perceive neurobehavioral problems in their offspring may be
more likely to underreport their prenatal alcohol consumption
relative to individuals who perceive no problems, which in cases
of extreme underreporting could result in estimated protective
effects of PAE. Although it is much more feasible to collect
information retrospectively once children are at suitable ages for
neurodevelopmental evaluation, the impact of this approach on
internal validity must be critically evaluated.
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However, when assessing studies that rely on recalled PAE,
research has noted that recalled alcohol exposure is strongly
predictive of pregnancy, dysmorphic, and neurodevelopmental
outcomes.>* Further, validation studies comparing prospective
and retrospective reports found that retrospective reports of
maternal drinking reflect higher levels of consumption than
prospective reports obtained during the prenatal period.>>>8
Thus, although collection of consumption data during pregnancy
remains preferable, retrospective information should not be
discounted simply due to potential recall bias, and actually
may be more accurate in some groups, particularly those who
perceive stigma when reporting during pregnancy. Notably,
however, the ability to recall PAE after pregnancy may differ
by level of prenatal alcohol use. Women who did not consume
any alcohol as well as those who habitually had high levels of
consumption both may have more accurate recall than women
who infrequently consumed alcohol, particularly with respect
to the precise timing and amount of alcohol. This differential
exposure misclassification could move estimates of PAE effects
in either direction (toward or away from the null).>®

Confounding variables

To validly estimate a causal effect of PAE on neurodevelopment,
the exposure groups must be interchangeable. This means that
variables that could confound the association between light to
moderate PAE and offspring outcomes are equally balanced
between alcohol-exposed and non-alcohol-exposed offspring.
In observational studies, many socioeconomic and psychosocial
factors have been associated with alcohol consumption
patterns. A study of more than 6,000 women in Australia
examined maternal factors associated with patterns of alcohol
consumption before, during, and after pregnancy. The analysis
found that compared to women with light prenatal alcohol
consumption (0.4 drinks per day pre-pregnancy, early pregnancy
cessation), women with high levels of alcohol consumption

(2.5 drinks per day pre-pregnancy, 0.6 drinks per day during
pregnancy) were more likely to have a lower income, be single

or divorced, be pregnant for the first time, not attend church,
report depression or anxiety, have high maternal adversity, and
have adverse health-related lifestyle behaviors (e.g., smoking,
little exercise, poor sleep).®® Within the same study, women who
abstained from alcohol pre-pregnancy through postpartum were
also more likely to have lower income, have more children, and
have adverse health-related lifestyle behaviors compared to
women with light prenatal consumption.®® Similarly, in a study of
4,000 pregnant women in the United Kingdom, women of higher
socioeconomic status were more likely to drink wine, which was
more likely to be consumed in low to moderate amounts, and less
likely to binge drink than those with lower socioeconomic status.
Further, being older, being better educated, having a higher
social class, being employed, and having a better educated,
employed partner were associated with consumption of wine,
whereas smoking, lower education, and worse mental health
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were more strongly associated with consumption of beer.*!
Other factors that favor positive neurobehavioral outcomes
inthe offspring were disproportionally shared by women who
consumed low to moderate amounts of alcohol. These factors
include better diets, earlier use of prenatal vitamins, lower
prevalence of mental illnesses such as depression or anxiety, and
lower likelihood to use other substances (e.g., marijuana) during
pregnancy.®? These studies highlight the imbalance in protective
factors that often accompany low to moderate PAE that may
bias findings, resulting in null or even protective effects when
compared to abstinence.

Although these and other factors associated with low
to moderate prenatal alcohol consumption that reduce the
likelihood of adverse neurodevelopmental outcomes are
routinely included in multivariable adjustment, they may still
result in unmeasured confounding. Additionally, sample sizes
typically limit the ability to include the multitude of variables
necessary to establish true exchangeability. As a result (and
common in all observational studies), the degree to which
residual confounding persists—as evidenced by positive
associations often reported between low to moderate PAE and
offspring neurodevelopmental outcomes—must be considered
because there is no conceivable benefit on these outcomes from
PAE itself.6364

Effect modification
In addition to confounding, which affects the internal validity
(bias) of an estimate, the effect modification of the estimate
by factors associated with the outcome (which can be termed
modifiers or moderators) must be considered. Although not
a source of bias, this occurs when the magnitude of the effect
varies across levels of a third variable, which may contribute
to heterogeneity in effect estimates across studies. Here, the
authors hypothesize higher socioeconomic status associated
with low to moderate PAE to be the third variable. For
example, women consuming low to moderate levels of alcohol
in pregnancy, which as previously noted is associated with
higher socioeconomic status, may have more resources at their
disposal postnatally compared to either women who abstain
or women who consume large quantities of alcohol, providing
amore enriched environment for the offspring. These factors
include the likelihood to breastfeed, high-quality childcare,
reduced environmental exposures, higher levels of social
support, access to health care, reduced caregiver stress, and
educational resources available to the child, which benefit
neurodevelopmental outcomes. When effect estimates for PAE
are not stratified by these potential modifiers, outcomes most
vulnerable to PAE may be masked by the preponderance of
protective factors associated with low to moderate PAE.

In summary, the null or protective effects attributed to
low to moderate PAE on neurodevelopmental outcomes are
likely, at least in part, attributable to unmeasured confounding
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associated with the exposure as well as to effect modification
by postnatal factors that favor children with low to moderate
PAE. Many statistical tools exist to address confounding (e.g.,
propensity score adjustment, inverse probability of treatment
weights) and effect modification (e.g., stratification, re-
weighting to a standardized sample). However, these options
are imperfect because of the strong psychosocial patterning of
PAE and insufficient resources to validly measure all potential
confounding variables or examine associations across population
subgroups. Further, as previously noted, there is a high degree
of nuance in the operationalization of PAE, highly likely leading
to misclassification of exposure and attenuation of results. To
overcome these challenges, researchers have begun applying
novel study designs and exposure models to this research. The
following section highlights a few such approaches.

Alternate Study Designs to Address
Methodological Issues

The study designs and methodologies discussed in this section—
which are by no means exhaustive—specifically target some

of the aforementioned threats to validity. Thus, exposure
misclassification can be addressed by determining longitudinal
trajectories of PAE, and confounding can be limited through use
of instrumental variables, sibling designs, and negative control
studies. These methods can be used alone or in combination to
enhance estimation of causal effects.

Longitudinal trajectories of PAE

Efforts to better capture and operationalize the three
parameters of alcohol use (timing, dose, and duration) have

been ongoing for many years. Initially, researchers manually
clustered individuals based upon these characteristics. In one
study, investigators created a composite measure of PAE that
incorporated dose, pattern, and timing of consumption into
adescriptive, categorical variable (e.g., low, moderate, binge
drinking less than once per week; binge drinking once or twice
per week; high PAE).> When they compared outcomes using
these classifications to traditional analytic methods (i.e., average
quantity per trimester, average daily exposure across pregnancy,
average weekly exposure across gestation), the researchers
detected increased odds of anxiety or depression for children
with moderate PAE in the composite models that were not
evident in the traditional analyses.'® Lately, unsupervised
machine learning techniques have been incorporated into
analyses to identify patterns of use across gestation.

Although several methodologies exist, the underlying premise
of longitudinal exposure modeling is to create groups with similar
longitudinal exposure patterns to minimize heterogeneity within
the assigned trajectory group and maximize heterogeneity
between trajectories. In a study employing PAE trajectories
in Ukraine, sustained alcohol exposure, even at relatively low
levels (about one drink per day), was associated with modest
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reductions in neurodevelopmental performance at 6 and 12
months of age compared with trajectories of higher PAE with
alcohol reduction or cessation earlier in pregnancy.® In the
Safe Passage Study (South Africa and the United States), the
sustaining trajectory (modeled as maximum drinks per drinking
day) was associated with sudden infant death syndrome, whereas
the trajectories with similar early pregnancy consumption

but earlier cessation were not.¢® By modeling trajectories,
researchers can disaggregate patterns of consumption, even
among individuals with low to moderate levels of consumption,
to better identify and understand the nuanced risk of adverse
offspring outcomes that are often lost when exposure variables
are operationalized as static measures.

Instrumental variables

Instrumental variable (V) analysis is another study design

that could improve research on low to moderate PAE and
address issues of exchangeability. An |V affects the outcome
only through its effect on the exposure and is unrelated to
potential confounders of the exposure-outcome association.®”
In experimental studies, the treatment assignment is the

IV. However, when experimental studies are not feasible,
researchers may use a “quasi-experimental” approach to an IV
through “Mendelian randomization,” involving the use of genetic
variants that influence the exposure but are unrelated to factors
that confound the exposure-outcome relationship.®® Three
recent studies using data from the Avon Longitudinal Study of
Parents and Children (ALSPAC) utilized this design.6*¢2%¢ [n one
study, investigators used analysis of a maternal genetic variant
in the alcohol dehydrogenase gene ADH1B as an instrument

for assessing PAE.%! Individuals who carry the rare variant
rs1229984 in ADH1B have greatly increased enzymatic activity
in the oxidation of ethanol to acetaldehyde. This increased
activity results in a faster reduction of blood alcohol levels and
sharper rise of acetaldehyde in blood and organs, leading to
symptoms such as increased heart rate and nausea. Individuals
with this variant consume less alcohol, and correspondingly,

the fetuses of mothers with the variant have lower PAE. These
observations were born out in the ALSPAC data, making this
asuitable IV candidate for low to moderate PAE.6%¢268 When
the researchers used a traditional analysis of the effects of any
alcohol exposure, estimates were largely null, indicating no
effect. In contrast, when they stratified the analysis by type of
exposure (i.e., preferred type of beverage), they noted positive
effects between wine consumption and offspring academic
achievement, and negative effects between beer consumption
and offspring academic achievement. Given that there should be
no difference between the effects of beer and wine when both
were converted into standard, equivalent doses, the researchers
suggested that the different outcomes were due to the strong
social gradient associated with choice of beverage. ADH1B,
however, was unrelated to potential confounders, but was
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predictive of alcohol use in pregnancy and, by extension, alcohol
exposure to the developing fetus. When authors conducted the
IV analysis with ADH1B, they found negative effects between
PAE and academic achievement at all ages analyzed (i.e., ages
7 to 16).5* Similar results were obtained when repeating this
analysis with cognitive and educational performance at age 8.¢¢
The third study that utilized an IV analysis constructed the IV
from the child’s genotype (variants of the alcohol dehydrogenase
enzyme). It was hypothesized that offspring alleles, which
result in “fast” metabolism of ethanol, would protect against
abnormal brain development in infants.6? Among offspring
born to women with moderate alcohol consumption (one to six
units per week during pregnancy), negative associations existed
between the presence of genetic variants associated with slow
alcohol metabolism and 1Q at age 8. These associations were
not seen in children with no PAE.? Assuming these findings
can be replicated, they are a promising avenue to control for
confounding factors while estimating the effects of low to
moderate PAE on child health. Researchers should continue to
explore additional IVs, specifically searching for stronger IVs
than the alcohol metabolism variants, which can be exploited in
this framework.

Sibling controls
A third promising approach that also addresses issues of
exchangeability is a sibling design. In their simplest form, sibling
designs compare outcomes among exposure-discordant siblings,
which accounts for many shared environmental and familial
confounders that are exceedingly difficult to fully adjust for
through multivariable analysis. Sibling studies often result
in attenuated effect estimates between prenatal exposures
and offspring neurodevelopmental outcomes compared to
traditional study designs,® highlighting the challenges of residual
confounding.

At least three studies have utilized sibling designs to
control for shared genetic and environmental confounders
when studying PAE.347071 |n the first sibling study conducted
on approximately 4,000 mother-sibling triads, researchers
found that employing the sibling design attenuated the initial
multivariable-adjusted results for PAE and attention/impulsivity
problems in offspring. However, an association still existed
between heavy PAE (2 5 days/week) and offspring conduct
problems at ages 4 to 11.7° In a second study, conducted with
15,000 mother-sibling triads in Norway, researchers detected
no effects of low levels of PAE on offspring behavioral problems,
and attenuated yet modest effects of “hazardous” PAE on
behavioral problems at age 3 when accounting for siblings.”* A
third study, which included 1,600 sibling pairs in Japan, found
that low PAE (drinking one to four times per month or rarely)
was associated with greater anxiety problems and internalizing
problems. In that study, effect estimates were magnified in
the siblings analysis compared to initial multivariable-adjusted
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results.®* Although researchers must consider exposure
discordance and factors that changed between births (e.g.,
birth order, maternal age, socioeconomic factors) that may
bias results, this model is a promising strategy to mitigate the
persistent problem of residual confounding.

Negative controls

Finally, another option that does not require identifying an IV or
observing siblings is to employ a negative control design. Such
designs compare the effects of PAE on offspring outcome with
the effects of similar exposure with no biological relevance to
the offspring (e.g., maternal exposure prior to conception or
postnatally or similar levels of exposure of other individuals
[partner exposure]).®” Negative control designs alert the analyst
to uncontrolled confounding because if any of the effect
estimates among the negative controls are positive, the effect
measure of interest is likely confounded. Putting this design to
practice, researchers using paternal exposure during pregnancy
as a negative control in the Avon Longitudinal Study of Parents
and Children found no evidence that maternal alcohol and
tobacco consumption during pregnancy were more strongly
associated with childhood IQ than paternal alcohol and tobacco
consumption.”? In a second negative control study using ALSPAC
data, researchers found that offspring of mothers who consumed
any alcohol at 18 weeks of gestation had a 17% increased risk of
having a diagnosis of depression at age 18.7° There was no clear
evidence of association between partners’ alcohol consumption
at 18 weeks of gestation and increased risk of offspring
depression. The investigators concluded that the negative
control comparison of paternal drinking provided some evidence
that the association between PAE and depression at age 18 may
be causal and warranted further investigation and replication.”
Although one must critically evaluate the potential for causality
by the selected negative control (e.g., epigenetic effects in

the case of paternal exposure), if it is deemed that there is no
plausible mechanism by which the negative control could affect
the outcome, the types of analyses should be conducted and
reported.

Conclusions

Limitations of This Review
When reviewing the findings presented here, several limitations
should be considered. First, restricting findings to published
research introduces the potential for publication bias. However,
given that many studies reviewed here yielded null findings, it is
unlikely that publication bias greatly affects the results. Second,
the high degree of heterogeneity in methods and the exposure
definition prevented a meta-analysis.

Third, and most importantly, although three databases were
searched, this review is a narrative review only and should not
be interpreted as a systematic review. The search process used
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search terms “low, light, mild, or moderate,” and the authors
then looked for predefined criteria for the categorization.
Accordingly, there could be additional studies that included
similar exposure ranges but did not use those terms; other
studies may have included a population with a mean PAE that fell
within a range described as low or moderate, but the study did
not actually set minimum or maximum parameters for defining
the exposure. Either scenario would have resulted in exclusion
of those studies from this review. For example, Parry et al.
examined several categories of alcohol exposure (i.e., 0 g/week,
>0-29 g/week, 30-59 g/week, 60-89 g/week, 90-119 g/week,
and > 120 g/week)’* that overlap with definitions of low/light or
moderate PAE in many of the studies included here. However,
the study was excluded because the authors did not label
these categories as low, moderate, or high exposure. Similarly,
Beauchamp et al. enrolled a birth cohort with a PAE group that
had a median of 0.84 ounces absolute alcohol per day during the
periconceptual period and 0.3 ounces absolute alcohol per day
during pregnancy.” Although this sample may have overlapped
with other samples in this review of moderate PAE, it likely also
included infants who would have been categorized as low PAE
and some who would have been categorized as high PAE, given
that no minimum or maximum criteria were set for inclusion.
Therefore, the study was excluded from this review. Attempting
to include all such studies would require (1) searching for any
study that had any measure of PAE, and (2) having clearly defined
and accepted standards for categorizing low and moderate PAE.
Such manual abstraction and classification in the absence of
consensus definitions were beyond the feasibility of this review.
Fourth, the studies reviewed here assessed a variety of
neurodevelopmental outcomes that may differ in sensitivity to
alcohol based on the measure or the timing of administration.
It was beyond the scope of this review to comment on each
measure’s sensitivity and psychometric properties, although
both also may contribute to the heterogeneity in findings. Finally,
this review was limited to neurodevelopmental outcomes. There
are other health and behavioral outcomes potentially affected
by PAE that manifest across the life course and also warrant
systematic investigation.

Public Health and Clinical Implications

Although pregnant women may want to know whether there is
a safe drinking threshold in pregnancy, this question is difficult
to answer in human research. As seen in this review, findings
are heterogeneous across studies, and many methodological
limitations impair ability to validly estimate the potential
consequences of low to moderate PAE. Moreover, the public
should not confuse inconsistent evidence and insignificant
findings to indicate absence of an effect. Accordingly, the only
way to be certain to avoid adverse outcomes associated with
alcohol exposure is to follow current guidelines to abstain from
alcohol during pregnancy. Given that many women do not
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plan pregnancy, those who have had alcohol exposure prior to
learning they are pregnant should avoid continued use.

Summary and Future Directions

Although this review generally found null associations between
low to moderate PAE and adverse neurodevelopment, the issue
is far from resolved. There is no consensus in the literature on
the level of harm that low to moderate prenatal alcohol exposure
may cause, and the differential vulnerability resulting from
influences such as concurrent exposures to other substances,
genetics, and other factors may prevent a clear conclusion.
Although the evidence base continues to expand, substantial
methodological limitations impair synthesis of study findings.
Use of alternative study designs may help advance research

of the effects of low to moderate PAE on adverse outcomes,
and the authors look forward to the expansion of these
methodologies in the field. In addition, expanding reviews to
capture other outcomes, including physical and behavioral
outcomes, as they emerge across the life course is of great
interest.

References

1. National Institute on Alcohol Abuse and Alcoholism. Fetal Alcohol
Exposure. 2021. https://www.niaaa.nih.gov/sites/default/files/
publications/Fetal-Alcohol-Exposure.pdf.

2.  FlakAL,SuS,Bertrand J, Denny CH, Kesmodel US, Cogswell ME.
The association of mild, moderate, and binge prenatal alcohol
exposure and child neuropsychological outcomes: A meta-analysis.
Alcohol Clin Exp Res. 2014;38(1):214-226. https://doi.org/10.1111/
acer.12214.

3. Hagan JF,Balachova T, Bertrand J, et al. Neurobehavioral
disorder associated with prenatal alcohol exposure. Pediatrics.
2016;138(4):e20151553. https://doi.org/10.1542/peds.2015-
1553.

4. Riley EP, Infante MA, Warren KR. Fetal alcohol spectrum disorders:
An overview. Neuropsychol Rev. 2011;21(2):73-80. https://doi.
org/10.1007/s11065-011-9166-x.

5. Comasco E,Rangmar J, Eriksson UJ, Oreland L. Neurological and
neuropsychological effects of low and moderate prenatal alcohol
exposure. Acta Physiol (Oxf). 2018;222(1):e12892. https://doi.org/
10.1111/apha.12892.

6. Romer P,Mathes B, Reinelt T, Stoyanova P, Petermann F, Zierul C.
Systematic review showed that low and moderate prenatal
alcohol and nicotine exposure affected early child development.
Acta Paediatr. 2020;109(12):2491-2501. https://doi.org/10.
1111/apa.15453.

7. BayB, Kesmodel US. Prenatal alcohol exposure—A systematic
review of the effects on child motor function. Acta Obstet Gynecol
Scand. 2011;90(3):210-226. https://doi.org/10.1111/j.1600-
0412.2010.01039.x.

8. (O’Keeffe LM, Greene RA, Kearney PM. Systematic review
of the effects of low to moderate alcohol consumption
during pregnancy and speech and language development
ininfants. Reprod Sci. 2013;20(3):208A. https://dx.doi.org/
10.1177/1933719113482088.

9. EaseyKE, Dyer ML, Timpson NJ, Munafo MR. Prenatal alcohol
exposure and offspring mental health: A systematic review. Drug
Alcohol Depend. 2019;197:344-353. https://doi.org/10.1016/
j.drugalcdep.2019.01.007.

Vol 43No 12023

10.

11.

14.

17.

18.

21.

22.

23.

Henderson J, Gray R, Brocklehurst P. Systematic review of effects
of low-moderate prenatal alcohol exposure on pregnancy outcome.
BJOG. 2007;114(3):243-252. https://doi.org/10.1111/j.1471-0528.
2006.01163.x.

Pyman P, Collins SE, Muggli E, Testa R, Anderson PJ. Cognitive

and behavioural attention in children with low-moderate and
heavy doses of prenatal alcohol exposure: A systematic review and
meta-analysis. Neuropsychol Rev. 2021;(4):610-627. https://doi.org/
10.1007/s11065-021-09490-8.

San Martin Porter M, Maravilla JC, Betts KS, Alati R. Low-
moderate prenatal alcohol exposure and offspring attention-deficit
hyperactivity disorder (ADHD): Systematic review and meta-
analysis. Arch Gynecol Obstet. 2019;300(2):269-277. https://doi.org/
10.1007/s00404-019-05204-x.

Testa M, Quigley BM, Eiden RD. The effects of prenatal alcohol
exposure on infant mental development: A meta-analytical review.
Alcohol Alcohol. 38(4):295-304. https://doi.org/10.1093/alcalc/
agg087.

Gosdin LK, Deputy NP, Kim SY, Dang EP, Denny CH. Alcohol
consumption and binge drinking during pregnancy among adults
aged 18-49 years—United States, 2018-2020. MMWR Morb Mortal
Wkly Rep. 2022;71(1):10-13. https://doi.org/10.15585/mmwr.
mm7101a2.

O’Leary CM, Bower C, Zubrick SR, Geelhoed E, Kurinczuk JJ,
Nassar N. A new method of prenatal alcohol classification
accounting for dose, pattern and timing of exposure: Improving
our ability to examine fetal effects from low to moderate alcohol.

J Epidemiol Community Health. 2010;64(11):956-962. https://doi.org/
10.1136/jech.2009.091785.

Robinson M, Oddy WH, McLean NJ, et al. Low-moderate

prenatal alcohol exposure and risk to child behavioural
development: A prospective cohort study. BJOG. 2010;117(9):
1139-1152. https://doi.org/10.1111/j.1471-0528.2010.02596. ..
Halliday JL, Muggli E, Lewis S, et al. Alcohol consumptionin a
general antenatal population and child neurodevelopment at

2 years. J Epidemiol Community Health. 2017;71(10):990-998.
https://doi.org/10.1136/jech-2017-209165.

McCormack C, Hutchinson D, Burns L, et al. Maternal and partner
prenatal alcohol use and infant cognitive development. Drug
Alcohol Depend. 2018;185:330-338. https://doi.org/10.1016/
j.drugalcdep.2017.12.038.

O’Leary C, Zubrick SR, Taylor CL, Dixon G, Bower C. Prenatal
alcohol exposure and language delay in 2-year-old children: The
importance of dose and timing on risk. Pediatrics. 2009;123(2):
547-554. https://doi.org/10.1542/peds.2008-0459.

Hutchinson D, Youssef GJ, McCormack C, et al. Prenatal alcohol
exposure and infant gross motor development: A prospective
cohort study. BMC Pediatr. 2019;19(1):149. https://doi.org/10.
1186/s12887-019-1516-5.

Q’Leary CM, Taylor C, Zubrick SR, Kurinczuk JJ, Bower C. Prenatal
alcohol exposure and educational achievement in children aged 8-9
years. Pediatrics. 2013;132(2):e468-475. https://doi.org/10.1542/
peds.2012-3002.

O’Callaghan FV, O’Callaghan M, Najman JM, Williams GM,

Bor W. Prenatal alcohol exposure and attention, learning and
intellectual ability at 14 years: A prospective longitudinal study.
Early Hum Dev. 2007;83(2):115-123. https://doi.org/10.1016/
j.earlhumdev.2006.05.011.

Maher GM, Khashan AS, O'Byrne L, et al. Periconceptual and
prenatal alcohol consumption and neurodevelopment at age two
and five years. Eur J Obstet Gynecol Reprod Biol. 2022;274:197-203.
https://doi.org/10.1016/j.ejogrb.2022.05.034.

Weile LKK, Wu C, Hegaard HK, Kesmodel US, Henriksen TB,

Nohr EA. Alcohol intake in early pregnancy and risk of attention-
deficit/hyperactivity disorder in children up to 19 years of age:

A cohort study. Alcohol Clin Exp Res. 2020;44(1):168-177.
https://doi.org/10.1111/acer.14243.

ALCOHOL RESEARCH cCurrent Reviews


https://doi.org/10.1111/j.1471-0528.2006.01163.x
https://doi.org/10.1111/j.1471-0528.2006.01163.x
https://doi.org/10.1007/s11065-021-09490-8
https://doi.org/10.1007/s11065-021-09490-8
https://doi.org/10.1007/s00404-019-05204-x
https://doi.org/10.1007/s00404-019-05204-x
https://doi.org/10.1093/alcalc/agg087
https://doi.org/10.1093/alcalc/agg087
https://doi.org/10.15585/mmwr.mm7101a2
https://doi.org/10.15585/mmwr.mm7101a2
https://doi.org/10.1136/jech.2009.091785
https://doi.org/10.1136/jech.2009.091785
https://doi.org/10.1111/j.1471-0528.2010.02596.x
https://doi.org/10.1136/jech-2017-209165
https://doi.org/10.1016/j.drugalcdep.2017.12.038
https://doi.org/10.1016/j.drugalcdep.2017.12.038
https://doi.org/10.1542/peds.2008-0459
https://doi.org/10.1186/s12887-019-1516-5
https://doi.org/10.1186/s12887-019-1516-5
https://doi.org/10.1542/peds.2012-3002
https://doi.org/10.1542/peds.2012-3002
https://doi.org/10.1016/j.earlhumdev.2006.05.011
https://doi.org/10.1016/j.earlhumdev.2006.05.011
https://doi.org/10.1016/j.ejogrb.2022.05.034
https://doi.org/10.1111/acer.14243
https://www.niaaa.nih.gov/sites/default/files/publications/Fetal-Alcohol-Exposure.pdf
https://www.niaaa.nih.gov/sites/default/files/publications/Fetal-Alcohol-Exposure.pdf
https://doi.org/10.1111/acer.12214
https://doi.org/10.1111/acer.12214
https://doi.org/10.1542/peds.2015-1553
https://doi.org/10.1542/peds.2015-1553
https://doi.org/10.1007/s11065-011-9166-x
https://doi.org/10.1007/s11065-011-9166-x
https://doi.org/10.1111/apha.12892
https://doi.org/10.1111/apha.12892
https://doi.org/10.1111/apa.15453
https://doi.org/10.1111/apa.15453
https://doi.org/10.1111/j.1600-0412.2010.01039.x
https://doi.org/10.1111/j.1600-0412.2010.01039.x
https://dx.doi.org/10.1177/1933719113482088
https://dx.doi.org/10.1177/1933719113482088
https://doi.org/10.1016/j.drugalcdep.2019.01.007
https://doi.org/10.1016/j.drugalcdep.2019.01.007

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Niclasen J, Nybo Andersen AM, Teasdale TW, Strandberg-Larsen
K. Prenatal exposure to alcohol, and gender differences on child
mental health at age seven years. J Epidemiol Community Health.
2014,68(3):224-232. https://doi.org/10.1136/jech-2013-202956.
Kesmodel US, Bertrand J, Stgvring H, Skarpness B, Denny C,
Mortensen EL. The effect of different alcohol drinking patterns

in early to mid pregnancy on the child’s intelligence, attention,

and executive function. BJOG. 2012;119(10):1180-1190.
https://doi.org/10.1111/j.1471-0528.2012.03393.x.

Bay B, Stgvring H, Wimberley T, et al. Low to moderate alcohol
intake during pregnancy and risk of psychomotor deficits. Alcohol
Clin Exp Res. 2012;36(5):807-814. https://doi.org/10.1111/j.1530-
0277.2011.01657.x.

Underbjerg M, Kesmodel US, Landrg NI, et al. The effects of low

to moderate alcohol consumption and binge drinking in early
pregnancy on selective and sustained attention in 5-year-old
children. BJOG. 2012;119(10):1211-1221. https://doi.org/10.1111/
j-1471-0528.2012.03396.x.

Falgreen Eriksen H-LL, Mortensen EL, Kilburn T, et al. The effects
of low to moderate prenatal alcohol exposure in early pregnancy
on lQin 5-year-old children. BJOG. 2012;119(10):1191-1200.
https://doi.org/10.1111/j.1471-0528.2012.03394.x.

Skogerbg A, Kesmodel US, Denny CH, et al. The effects of low

to moderate alcohol consumption and binge drinking in early
pregnancy on behaviour in 5-year-old children: A prospective
cohort study on 1628 children. BJOG. 2013;120(9):1042-1050.
https://doi.org/10.1111/1471-0528.12208.

Skogerbg A, Kesmodel US, Wimberley T, et al. The effects of

low to moderate alcohol consumption and binge drinking in

early pregnancy on executive function in 5-year-old children.
BJOG. 2012;119(10):1201-1210. https://doi.org/10.1111/j.1471-
0528.2012.03397.x.

Kilburn TR, Eriksen H-LF, Underbjerg M, et al. Low to moderate
average alcohol consumption and binge drinking in early pregnancy:
Effects on choice reaction time and information processing time in
five-year-old children. PLoS One. 2015;10(9):e0138611. https://doi.
org/10.1371/journal.pone.0138611.

Rodriguez A, Olsen J, Kotimaa AJ, et al. Is prenatal alcohol exposure
related to inattention and hyperactivity symptoms in children?
Disentangling the effects of social adversity. J Child Psychol
Psychiatry. 2009;50(9):1073-1083. https://doi.org/10.1111/}.1469-
7610.2009.02071.x.

Ichikawa K, Fujiwara T, Kawachi |. Prenatal alcohol exposure and
child psychosocial behavior: A sibling fixed-effects analysis. Front
Psychiatry. 2018;9:570. https://doi.org/10.3389/fpsyt.2018.00570.
Cluver CA, Charles W, van der Merwe C, et al. The association of
prenatal alcohol exposure on the cognitive abilities and behaviour
profiles of 4-year-old children: A prospective cohort study.

BJOG. 2019;126(13):1588-1597. https://doi.org/10.1111/1471-
0528.15947.

KellyY, Sacker A, Gray R, Kelly J, Wolke D, Quigley MA. Light
drinking in pregnancy, arisk for behavioural problems and cognitive
deficits at 3 years of age? Int J Epidemiol. 2009;38(1):129-140.
https://doi.org/10.1093/ije/dyn230.

Kelly YJ, Sacker A, Gray R, et al. Light drinking during pregnancy:
Still no increased risk for socioemotional difficulties or cognitive
deficits at 5 years of age? J Epidemiol Community Health.
2012;66(1):41-48. https://doi.org/10.1136/jech.2009.103002.
KellyY, lacovou M, Quigley MA, et al. Light drinking versus
abstinence in pregnancy—Behavioural and cognitive outcomes

in 7-year-old children: A longitudinal cohort study. BJOG.
2013;120(11):1340-1347. https://doi.org/10.1111/1471-
0528.12246.

Barbuscia A, Staff J, Ploubidis GB, Fitzsimons E, Maggs J. Light
drinking during pregnancy: Social advantages explain positive
correlates with child and early adolescent adjustment. Addict Behav.
2019;98:106003. https://doi.org/10.1016/j.addbeh.2019.05.027.

Vol 43No 12023

10

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Sayal K, Draper ES, Fraser R, Barrow M, Smith GD, Gray R. Light
drinking in pregnancy and mid-childhood mental health and
learning outcomes. Arch Dis Child. 2013;98(2):107-111.
https://doi.org/10.1136/archdischild-2012-302436.

Mitchell JM, Jefferi FJ, Maher GM, Khashan AS, McCarthy FP.
Prenatal alcohol exposure and risk of attention deficit
hyperactivity disorder in offspring: A retrospective analysis

of the Millennium Cohort Study. J Affect Disord. 2020;269:94-100.
https://doi.org/10.1016/j.jad.2020.03.027.

Forrest F, Florey CD, Taylor D, McPherson F, Young JA.

Reported social alcohol consumption during pregnancy and
infants’ development at 18 months. BMJ. 1991;303(6793):22-26.
https://doi.org/10.1136/bm;.303.6793.22.

Sayal K, Heron J, Golding J, Emond A. Prenatal alcohol
exposure and gender differences in childhood mental health
problems: A longitudinal population-based study. Pediatrics.
2007;119(2):e426-e434. https://doi.org/10.1542/peds.2006-1840.
Singer AB, Aylsworth AS, Cordero C, et al. Prenatal alcohol
exposure in relation to autism spectrum disorder: Findings from
the Study to Explore Early Development (SEED). Paediatr Perinat
Epidemiol. 2017;31(6):573-582. https://doi.org/10.1111/ppe.12404.
Williams Brown C, Carmichael Olson H, Croninger RG. Maternal
alcohol consumption during pregnancy and infant social, mental,
and motor development. J Early Interv. 2010;32(2):110-126.
https://doi.org/10.1177/1053815110366654.

Lees B, Mewton L, Jacobus J, et al. Association of prenatal alcohol
exposure with psychological, behavioral, and neurodevelopmental
outcomes in children from the adolescent brain cognitive
development study. Am J Psychiatry. 2020;177(11):1060-1072.
https://doi.org/10.1176/appi.ajp.2020.20010086.

Larkby CA, Goldschmidt L, Hanusa BH, Day NL. Prenatal alcohol
exposure is associated with conduct disorder in adolescence:
Findings from a birth cohort. JAm Acad Child Adolesc Psychiatry.
2011;50(3):262-271. https://doi.org/10.1016/j.jaac.2010.12.004.
Chen J-H. Maternal alcohol use during pregnancy, birth weight and
early behavioral outcomes. Alcohol Alcohol. 2012;47(6):649-656.
https://doi.org/10.1093/alcalc/ags089.

Goldschmidt L, Richardson GA, Cornelius MD, Day NL. Prenatal
marijuana and alcohol exposure and academic achievement at age
10. Neurotoxicol Teratol. 26(4):521-532. https://doi.org/10.1016/
j.ntt.2004.04.003.

Gallagher C, McCarthy FP, Ryan RM, Khashan AS. Maternal alcohol
consumption during pregnancy and the risk of autism spectrum
disorders in offspring: A retrospective analysis of the Millennium
Cohort Study. J Autism Dev Disord. 2018;48(11):3773-3782.
https://doi.org/10.1007/s10803-018-3626-6.

Niclasen J. Prenatal exposure to alcohol and the developing

fetus: Methodological issues. BJOG. 2015;122(6):770-772.
https://doi.org/10.1111/1471-0528.13078.

Hutchinson D, Youssef GJ, McCormack C, et al. Correction to:
Prenatal alcohol exposure and infant gross motor development:

A prospective cohort study. BMC Pediatr. 2019;19(1):222.
https://doi.org/10.1186/s12887-019-1585-5.

Sobell L, Sobell M. Alcohol Timeline Followback (TLFB). In:
American Psychiatric Association (APA). Handbook of Psychiatric
Measures. Washington, DC: APA; 2000:477.

May PA, Gossage JP, Marais A-S, et al. Maternal risk factors for
fetal alcohol syndrome and partial fetal alcohol syndrome in South
Africa: A third study. Alcohol Clin Exp Res. 2008;32(5):738-753.
https://doi.org/10.1111/j.1530-0277.2008.00634.x.

Jacobson SW, Chiodo LM, Sokol RJ, Jacobson JL. Validity of
maternal report of prenatal alcohol, cocaine, and smoking in
relation to neurobehavioral outcome. Pediatrics. 2002;109(5):
815-825. https://doi.org/10.1542/peds.109.5.815.

Alvik A, Haldorsen T, Groholt B, Lindemann R. Alcohol consumption
before and during pregnancy comparing concurrent and
retrospective reports. Alcohol Clin Exp Res. 2006;30(3):510-515.
https://doi.org/10.1111/j.1530-0277.2006.00055.x.

ALCOHOL RESEARCH current Reviews


https://doi.org/10.1136/archdischild-2012-302436
https://doi.org/10.1016/j.jad.2020.03.027
https://doi.org/10.1136/bmj.303.6793.22
https://doi.org/10.1542/peds.2006-1840
https://doi.org/10.1111/ppe.12404
https://doi.org/10.1177/1053815110366654
https://doi.org/10.1176/appi.ajp.2020.20010086
https://doi.org/10.1016/j.jaac.2010.12.004
https://doi.org/10.1093/alcalc/ags089
https://doi.org/10.1016/j.ntt.2004.04.003
https://doi.org/10.1016/j.ntt.2004.04.003
https://doi.org/10.1007/s10803-018-3626-6
https://doi.org/10.1111/1471-0528.13078
https://doi.org/10.1186/s12887-019-1585-5
https://doi.org/10.1111/j.1530-0277.2008.00634.x
https://doi.org/10.1542/peds.109.5.815
https://doi.org/10.1111/j.1530-0277.2006.00055.x
https://doi.org/10.1136/jech-2013-202956
https://doi.org/10.1111/j.1471-0528.2012.03393.x
https://doi.org/10.1111/j.1530-0277.2011.01657.x
https://doi.org/10.1111/j.1530-0277.2011.01657.x
https://doi.org/10.1111/j.1471-0528.2012.03396.x
https://doi.org/10.1111/j.1471-0528.2012.03396.x
https://doi.org/10.1111/j.1471-0528.2012.03394.x
https://doi.org/10.1111/1471-0528.12208
https://doi.org/10.1111/j.1471-0528.2012.03397.x
https://doi.org/10.1111/j.1471-0528.2012.03397.x
https://doi.org/10.1371/journal.pone.0138611
https://doi.org/10.1371/journal.pone.0138611
https://doi.org/10.1111/j.1469-7610.2009.02071.x
https://doi.org/10.1111/j.1469-7610.2009.02071.x
https://doi.org/10.3389/fpsyt.2018.00570
https://doi.org/10.1111/1471-0528.15947
https://doi.org/10.1111/1471-0528.15947
https://doi.org/10.1093/ije/dyn230
https://doi.org/10.1136/jech.2009.103002
https://doi.org/10.1111/1471-0528.12246
https://doi.org/10.1111/1471-0528.12246
https://doi.org/10.1016/j.addbeh.2019.05.027

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Hannigan JH, Chiodo LM, Sokol RJ, et al. A 14-year retrospective
maternal report of alcohol consumption in pregnancy predicts
pregnancy and teen outcomes. Alcohol. 2010;44(7-8):583-594.
https://doi.org/10.1016/j.alcohol.2009.03.003.

Czarnecki DM, Russell M, Cooper ML, Salter D. Five-year
reliability of self-reported alcohol consumption. J Stud Alcohol.
1990;51(1):68-76. https://doi.org/10.15288/jsa.1990.51.68.
Birkett NJ. Effect of nondifferential misclassification on estimates
of odds ratios with multiple levels of exposure. Am J Epidemiol.
1992;136(3):356-362. https://doi.org/10.1093/oxfordjournals.
2je.al116500.

Tran NT, Najman JM, Hayatbakhsh R. Predictors of maternal
drinking trajectories before and after pregnancy: Evidence from a
longitudinal study. Aust N Z J Obstet Gynaecol. 2015;55(2):123-130.
https://doi.org/10.1111/ajo.12294.

von Hinke Kessler Scholder S, Wehby GL, Lewis S, Zuccolo L.
Alcohol exposure in utero and child academic achievement. Econ J.
2014;124(576):634-667. https://doi.org/10.1111/ecoj.12144.
Lewis SJ, Zuccolo L, Davey Smith G, et al. Fetal alcohol exposure
and 1Q at age 8: Evidence from a population-based birth-cohort
study. PLoS One. 2012;7(11):e49407. https://doi.org/10.1371/
journal.pone.0049407.

Gray R. Low-to-moderate alcohol consumption during pregnancy
and child development—Moving beyond observational studies.
BJOG. 2013;120(9):1039-1041. https://doi.org/10.1111/1471-
0528.12211.

McQuire C, Daniel R, Hurt L, Kemp A, Paranjothy S. The causal web
of foetal alcohol spectrum disorders: A review and causal diagram.
Eur Child Adolesc Psychiatry. 2020;29(5):575-594. https://doi.org/
10.1007/s00787-018-1264-3.

Bandoli G, Coles CD, Kable JA, et al. Patterns of prenatal alcohol
use that predict infant growth and development. Pediatrics.

2019;143(2):e20182399. https://doi.org/10.1542/peds.2018-2399.

Elliott AJ, Kinney HC, Haynes RL, et al. Concurrent prenatal
drinking and smoking increases risk for SIDS: Safe Passage Study
report. eClinicalMedicine. 2020;19:100247. https://doi.org/
10.1016/j.eclinm.2019.100247.

Smith GD. Assessing intrauterine influences on offspring

health outcomes: Can epidemiological studies yield robust
findings? Basic Clin Pharmacol Toxicol. 2008;102(2):245-256.
https://doi.org/10.1111/j.1742-7843.2007.00191.x.

Vol 43No 12023

11

68.

69.

70.

71.

72.

73.

74.

75.

Zuccolo L, Lewis SJ, Smith GD, et al. Prenatal alcohol

exposure and offspring cognition and school performance. A
'Mendelian randomization' natural experiment. Int J Epidemiol.
2013;42(5):1358-1370. https://doi.org/10.1093/ije/dyt172.
Madley-Dowd P, Kalkbrenner AE, Heuvelman H, et al. Maternal
smoking during pregnancy and offspring intellectual disability:
Sibling analysis in an intergenerational Danish cohort. Psychol
Med. 2020;52(10):1847-1856. https://doi.org/10.1017/
s0033291720003621.

D’Onofrio BM, Van Hulle CA, Waldman ID, Rodgers JL, Rathouz
PJ, Lahey BB. Causal inferences regarding prenatal alcohol
exposure and childhood externalizing problems. Arch Gen
Psychiatry. 2007;64(11):1296-1304. https://doi.org/10.1001/
archpsyc.64.11.1296.

Lund IO, MoenEilertsen E, Gjerde LC, et al. Is the association
between maternal alcohol consumption in pregnancy and pre-
school child behavioural and emotional problems causal? Multiple
approaches for controlling unmeasured confounding. Addiction.
2019;114(6):1004-1014. https://doi.org/10.1111/add.14573.
Alati R, Macleod J, Hickman M, et al. Intrauterine exposure

to alcohol and tobacco use and childhood IQ: Findings from a
parental-offspring comparison within the Avon Longitudinal
Study of Parents and Children. Pediatr Res. 2008;64(6):659-666.
https://doi.org/10.1203/pdr.0b013e318187cc31.

Easey KE, Timpson NJ, Munafd MR. Association of prenatal
alcohol exposure and offspring depression: A negative control
analysis of maternal and partner consumption. Alcohol Clin Exp Res.
2020;44(5):1132-1140. https://doi.org/10.1111/acer.14324.
Parry GJ, Ogston SA. Chapter 9 results—Child development

at age 18 months. Int J Epidemiol. 1992;21(Suppl 1):572-S78.
https://doi.org/10.1093/ije/21.supplement_1.s72.

Beauchamp KG, Lowe J, Schrader RM, et al. Self-regulation

and emotional reactivity ininfants with prenatal exposure

to opioids and alcohol. Early Hum Dev. 2020;148:105119.
https://doi.org/10.1016/j.earlhumdev.2020.105119.

ALCOHOL RESEARCH cCurrent Reviews


https://doi.org/10.1093/ije/dyt172
https://doi.org/10.1017/s0033291720003621
https://doi.org/10.1017/s0033291720003621
https://doi.org/10.1001/archpsyc.64.11.1296
https://doi.org/10.1001/archpsyc.64.11.1296
https://doi.org/10.1111/add.14573
https://doi.org/10.1203/pdr.0b013e318187cc31
https://doi.org/10.1111/acer.14324
https://doi.org/10.1093/ije/21.supplement_1.s72
https://doi.org/10.1016/j.earlhumdev.2020.105119
https://doi.org/10.1016/j.alcohol.2009.03.003
https://doi.org/10.15288/jsa.1990.51.68
https://doi.org/10.1093/oxfordjournals.aje.a116500
https://doi.org/10.1093/oxfordjournals.aje.a116500
https://doi.org/10.1111/ajo.12294
https://doi.org/10.1111/ecoj.12144
https://doi.org/10.1371/journal.pone.0049407
https://doi.org/10.1371/journal.pone.0049407
https://doi.org/10.1111/1471-0528.12211
https://doi.org/10.1111/1471-0528.12211
https://doi.org/10.1007/s00787-018-1264-3
https://doi.org/10.1007/s00787-018-1264-3
https://doi.org/10.1542/peds.2018-2399
https://doi.org/10.1016/j.eclinm.2019.100247
https://doi.org/10.1016/j.eclinm.2019.100247
https://doi.org/10.1111/j.1742-7843.2007.00191.x

*s9leasqns

$sau|njJesy Jo poow
9AIISOd Y}IM punoyj aiam
SUOI1eID0SSE ON “Juejul
JO SS2UNDUYIP 4983
Y}Mm pajerdosse sem

3Vd 93esapow 033y3I

'S9|BISNS ||1XS J0joW
Aue 1o jusuwiedw iojow
1303 pue 3yd 9jeapow
0] MO| U9aMIaq

Pa1SIX3 UOIIRID0SSE ON

‘(s98e uayjole

|Inu) TT 98eje swajqoud
Suizi|eu.a)xa 9s10M pue
(]INu s1ay30) saunsesaw ¢
JO T U0 AJljige 9AIHuS0D
191397 YHM paje1dosse
Sem Jyd 91eJapojn

‘swa|qo.d

|edoiAeyaq Suizijeuaixa
Jo ‘Suizijeuusiul ‘Ajjigqe
QAI}IUS0D Y3IM pajerdosse
jou sem 3yd 3ysr

X3spliyd

‘Alded (T 1) 491s9wIa1 1S4y
ulaJed |ejeuaud ‘Aoueusdaad
Bupnp snjels |ejliew
‘snjejs Aysanod ‘Supjows
|ejeuaJd 4oy [043U0D UM
[9pow s303443 paxy Bul|qiS

AjAoe [eaisAyd
QUSWIUOJIAUS SWoy/Ajiwey
‘3U1159] JO ABP UO UOISIA
pue Buliesy ‘snjejs yyjeay
‘3u13s91 e 93e X3S p|IYD
‘(N Q) Xxapul ssew Apog
Aoueugaud-aud [eussjew
‘Bupjows |ejuaJed |ejeusod
‘snjejs [ejiew |ejeulsod
pue |ejeua.d ‘Adueudaud
Burnp saposida Supjurp
23u1q [eusatew ‘Ajed ‘93e

Jeuajew ‘Supjows [euiajew
|ejeusud Q| |eussrew
‘uoljeanpa |euJajed

pue ‘soijstiajoe.eyd
s1ydesSowapoios ‘yieay
|eu.alew ‘Qysiam yaiq
MOJ ‘puno.sxdeq d1uy}e

s, Jayjow Japuas pjiyd

sajelieno)

Sawo02)nNQ |ejuawdo|aAdpOo.InNaN pue ainsodx3 [0Yod|y |ejeud.ld 9)elapojn 03 MO JO Salpnis T Xipuaddy

syjuow €7 >

sage ‘auleuuonsaNy
Jolneyag jueyu|
Hequioy payipoin

G a8e uaup|iyD Joy
AJa118g JUSWISSISSY
JUSWDAO|A|

¥T puUe‘TT LG ‘g sase
{(O@s) a4reuuonssnd
sanndYig

pue syjdua.ilg

G o8e ‘JUaWISSASSY
ssaulpesy

|00Y2S UddEIg

1T pue’/ ‘g sage(Svq)
3[eas Ajjiqy ysiig

Judwainsea| je a8y

Sundsyyo owod1nQ

syuow gg >
‘wnjaedysod
JJodau jeussieln

uo13e3598 JO SHPaM
/T ¥ pariodal-J|as

wnyJedysod
syjuow ¢ 3e
MIIAIRIU|

jusawainseajn 3vd

yuow e sAep 1o g >

pajiodaljoN :9)esspow 03 Y31
NoaM Jad sNULIp T 01 4
3oam Jad s)ulp 801 G
NoaMm Jad S)uLp 1, 03 T
15911089382 Se pazAjeuy
oM Jad SYULIP 47T 03 T
joyodjeaund3g1 9)E]1Ul 040D AY99M :91eJ9pOoWl 01 MO
Jonbi|
Jo syids jo
aunsesw 9|3uls uoIse20 Jad spun uoIse’no
10 ‘QuIm Jo sse|3 G-€ > J0>eam Jadyoam Jad
1934 Jo juid-jleHq Jadsyung-¢ > syunz-T >

yod|v 30
Hun HuU@euo
jouoniuyaq

ysr/moT
:qvd jossoqg

3)eJapo
:3yd Joasoq

000Z-986T
$91e35 paruN

€00¢-L661
JjJewusqg

2¢002-000C
wop3ury|
payun

(8T9'T =)
YnoA jo
ASAung
[eulpnyiduon
|euolieN

(589 =u) Apms
Adueu3aid
Suung
3|A3sa)1
Hoyop yyg
leuonieN
ysiueqg

(rS¥oT =u)
Apnis 31040
wniuud)|IN

()

224nos eyeq

e(CT0T)
usyp

(TT07)
‘le 1o Aeg

«(6102) 1812
eipsnqJeg

(4eap)
doyny

ALCOHOL RESEARCH current Reviews

12

Vol 43No 12023



‘lad 1o

IQN YHM pajerdosse
j0u sem AdueuSaud
Alea ul Jyd 21e4apojn

‘lad 1o
IQN YHM pajerdosse
j0u sem Adueugaad

Aliea u3vd Pl

"Dl pue 3vd djespow
10 MO| U23M3Dq
Pa3SIX3 UOIeID0SSE ON

"S9WODINO |EJOIA_YS]
J0 [e3uawdolaAspoInau
UMM Pa3SIXD
SUOI3eID0SSE ON

Suiput4

a3e |euojelsas pue ‘ySiom
yJig Xas S,p|IYd ‘ssejd |e1nos
pue ‘a3e ‘uondwnsuod
9130.e31D |eusalen

Iqe
UoISIA pue Suliesy ‘snjejs
Ya1eay s,pjiyd ‘Buijows
|ejeuisod/|ejeuaud
JUSWIUOJIAUS WOy /Ajiwey
‘Adueu8aud ul Supjurp
a3uiq |eusajew ||\ g pue
93e |euusjew ‘snjels |ejliew
|eusajew ‘Ajlied Uspuad
S.pIy> ‘3urysay e d3e s pjiyd
‘Aoueudaud ul Supjows
|euaslew Q| [eulajew
‘uonieonpa [ejualed

asn aulwelaydweyjaw
pue ‘@sn euen(liew ‘Supjows
‘uoljeanpa ‘o8e |eutsie|n

sajelieno)

sypuow 8T :(1ad)
Xapul juswdojarap
JojowoydAsd

Pue (JaIN) xapul
JuawdojaAap |ejuaw
(@isg) 3uswdojensg
Jueju| Jo ss|eas AsjAeg

G 93e {pasinay
—aouasi|au| Jo
9Jeas Adewlid pue
|00Y2Sa4d J9|SYIIMA

1 98e
(1082)3s!PPR3YD
Joineyag pliyd
|ooyasaid (11-ASdIAN)
JUBWISSISSE
|ea18ojoydAsdoanau
|euswdojansp e
‘(1-08v) ua4piyd
J1oj A1apeg
JUSWISSISSY Uewyneyy

JuswaINses| e ady
8undsyyo ‘ewod1nQ

(c1)

19)SsWI} pu0das
‘7L ‘©J1euuoisanb
paJajsiuiwpe
-19M3IAIRIU|

uo13e3s98 JO SHIaM
LT ¥ pariodal-J|as

wnjJedjsod yyuow
T 3e pue ‘Adueudaud
Supnp sswil 0}
dn ‘uondsouod
puno.e xoeq
-MOJ|0j duljpWl}
|oyooje paylpoin

JuaWAINSEIN IVd

(spaids aunseaw
pJepuels auo Jo
493 juid-jjey
‘Quim sse|3 auo
0] 3U3|eAINb3)
(V) [oyodoe
aynjosqe 8 QT

joyodeaund3z1

[ouey3a 8 4T

[0yod]y J0
HuN AuEa@auo
jouoniuyaq

Noam 4ad 8 66-05
:9]eJ3pojn

NEETNY
Jadsyuupgolg

PEEIY
43d 8 61T :PIlIN

FEETNY
Jad Sulp{, 03 T

93u1q JaAau Buis

2UO UI'SYULIP € 5 :9}elapow 03 P|iA|

ajelapoN
:3vd Joasoq

:qvd joasog

9861-G861
pue30os

€00¢-L661
JJewusq

STOZ-L00T
el LIN0S

SiedA yuig
Sundsyio
‘8uipes

32.nos eyeq

(z6G =) a1

|ejeusjue (T66T)
aapung ‘|le 393524404
(829T=U)
Apms
Adueu3aiq
Suung
9|A1S9417
14040 yig «(CT0T)
|euoneN ‘le3s usasylIg
ysiueq uaau3djeq
(006 =u) Apms «(6102)
a8essed ajes ‘[e3=49AND

(u) (1e3A)
Joyiny

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

ALCOHOL RESEARCH cCurrent Reviews

13

Vol 43No 12023



‘juswido|ansp Jojow
SS043 pue Jyd 3esapow
10 MO| U9aM}q

Pa3SIXd UOIeID0SSE ON

*8U1X93s UoI}esuSS aJow
Y3IM P3JeID0SSE SeM € |
pue z] u1aouauisge ypm
T.1 Ul 3¥d MO *S2W023no
|euswdojaAapoInau
1S0W YHM pajeroosse

jou sem 3vd

9)eJapow 0} Mo

.wucmE._oth Jlwapede
pue 3yd ajesspow
0313y81| usamiaq
pajsixa uoljenosse oN

"aSV pue 3vd a1esspowt
103y3I1| usamiaq
Pa33sIX3 UoIjeI0Sse oN

Suipuiy

(PanuRUO)) SBWO02INQ |EJUSWAO|IASPOINBN pue ainsodx3 |OYOod|y [ereud.d 2)eJ9pojn 03 MOT JO SaIpnis 'T xipuaddy

o3e |euone1sad ‘|Ng ‘Aed
‘Ol ‘A3aixue Aoueudaud

‘asn aouejsgns ‘@8ensue|
SAljeU ‘Snjels Japuels|
}1eJ)S sa.40] pue |eulSiioqy
‘pjoyasnoy ua.ed-aj3uls
‘43419 Jo A1unod ‘9ouspisad
JO 91E)S ‘seauy 1oy

S9XapU| JIWOU0I3-0120S
‘uo11eanps ‘yiiiqie a8y

supjuip

|eusajed ‘Alaeingau Supjulip
pajuels ade ‘Aoueudaud ul
Supjows ‘uoiejusawa|ddns
pioe o104 ‘[INg Adueudaad
-94d ‘awoy uj uaxods
a8en3ue| ‘Ajd1uy3s ‘wodul
ployasnoy ‘uoizeanpa
|eusajew ‘98e [eulaleln|

euen(liew

uey} Jayjo sSnup

pue 022eqo} ejeua.d pue
‘asn aouejsqns [eulajew
JU9.ND ‘snjejs [e1osoydAsd

|euJ91eW ‘JUSWUOIIAUD
pue sdj3stisloeleyd pliyd
‘snjejs olydea3owapoldosg

Supjows |eusajew
‘Juawjeau} uoissaadap
‘sa19qelp ‘uoisualiadAy
‘[ING ‘Supjows [eusaew
‘snjejs |ejliew ‘A3iuyla
‘uoljeAlidsp |e1os
‘uoleanps |eulajew
‘awodul pjoyasnoy

‘o8e |ejualeq

sajelieno)

syuow
2T 98e quawdojansp
Jojow ssou3 |||-alISg

Z 98e d|youd
AJ0SUaS Ja|ppo
/AUBJU| SJUBWISSISSY
|euonowy pue
|E120S J3|ppoL
-Jueyu Jolig ‘aisg

0T 98e pasinay
-159] JUSWIAASIYDY
[ENpIAIpU| Apogead
pUE PasINSY-1Sa|
JUSWSASIYIY
a3uey apIM

1T 28e sisouselp
(@sv) 4spJosip
wnJ32ads wsiine
Jo 1u0dau |eussle|n|

JUBWIAINSE3IN Je a8y

Sundsyyo ‘ewod1nQ

€lpue

‘21 ‘T1SepazAjeue
‘wnjJed)sod syoam
glepue‘zl ‘TL

Surnp maiAuRU| joyodje 80T

(1) Jo3saWL1}
pAly3pue‘zl ‘T1se
pazAjeue :malAIULl
|ejeujsod pue
‘SH99M 97 ‘SHo9M
€T Jeadieuuoisanb

pajiodal-j|os joyodje 301

Ajjezeussod pue
‘/ pue syjuow
uolje}sagd e

MBIAISIUI [BUIDYEIN pajJodaijoN

Jonbi| Jo syids

wnyJedisod aunseaw 9|3uls
syjuow 4 38 10 ‘duIm sse(8
M3IAIRIU| 499 uid-jleH

[04od]\/ Jo
HuN HuH@auo
jouoniuyaq

JUBWAINSEa|N Vd

uoIse’o uoIseano

Jadsyuupy s Jad syurp

0} ¢ < pueseam C > pueiesm €10¢-600¢C

Jadsyuup/s Jadsyup /s e|jeaysny
Yoam Soam
1dyv8oLs Jadyv8oss

pue uoisedno pue uoiseano 2102-1102

Jad vV 8 61T Jadyv30z s eljessny

£861-7861

Aep uad>uLip T > :91e49p0OWl/IYsI] S91e1G payun
Aoueugaud Adueugaud

ulswi}auo Aue e urswiyauo 2002-0002

S}HUN G-€ J0>29M Aue je 1o yaam wopSury

Jadsjpung-¢ s Jadsyung-T s pajun

SAea; yuig
Sundsyo
‘8uimes

sr/mon
:3vd Joasoq

ajesapon
:3vd409soq

(e T =u)
Apn3s 31040
Adueuaiq

(rsg=u)
Adueudaid ul
10403V 3noqy
suonsany
3upisy

(809 = u) Apms
Juswdojaasg
PIlYD pue
sadIpoeld
YiesH
|eusaleln

(565°2T =)
Apnis 304o)
wniuud)|IN

(u)

2J3Jnos ejeq

2502(6102)
‘e
uosuIydaINH

4(£107)
‘e 32 AepijjeH

&(7002)
e

IPILIYSPIOD

0s(8T02) 1819
Jayse|en

(1eap)
Joyiny

ALCOHOL RESEARCH current Reviews

14

Vol 43No 12023



*$94025 AJl|Ige 9AIHUZ0D
Y3IM p3eID0SSE JOU SEM
3Vd 23elopowl ‘sjuid ut
|INu ‘sAoq u1 $9.102s A}
9AI31US02 493399 YIm
pajernosse sem 3vd 3y3i

'shkoq o s|II3
urswajqoud [eJolneysq
pue 3yd a3eJapow Jo
1481 usam)aq paIsIxd
suo|1e|0sse ON

'shoq 4o

S|J18 Jay}a Ul SWOdINO
Aue yjim pajernosse Jou
SseM Supjulip 93eJapo|n

‘Ajjiqe

aA13Iu802 Jay8iy pue
‘swia|qo.ad AjiAizoeladAy
pUE }2NPUOD JIMO|

UM P3]eID0SSe SeM
Supjup Y3y ‘shoqu

‘swa|qoid

9AI}US0D JO |eJoineyaq
Y3Im pajeldosse

jou sem 3yd 3ysr]

‘(do1neyaq Suizijeusaixa
“8'9) $9W01N0 painseaw
109D 49430 |edaAas
U}IM pa3edosse jou

Sem Jyd Mo swsjqoud
||edaA0 pue ‘swa|qoud
3uizijeussjul ‘swiajqoud
AjaIxue Ja3eal8 ym
pa1e100sse sem Jyd MO

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

Supjurp Jua.1INd

s, J2yjow ‘p|Iyd pue Jayjow
usamiaq diysuolielau Jo
$59US0|2 ‘9oudladwod
|ejuaJed s Jayjow
‘SUOI3ON.IISUI MO||04 0}
apew piyd ‘au
|ejuaJed ‘9102s 9 S, Jayow
‘uorednado |ejusled
1say31y ‘uonesyienb
Jeuoijeonpa [euated
1s9y31y ‘awodul |ejualed
‘pauue|d Adueudaud
‘Adueu8aud urinp payows
Jsyjow ‘pjoyasnoy ay ui
UaJp|1yd JO Jaquinu ‘yJiq
Joswiyjease s ayjow
‘JySem ypiq 98e s,pjiyd

au(didsip

|ejuased ‘pliyd pue Jayjow
usamjiaq diysuonejau Jo
YjuLieM ‘9102s (9)) 9|edS
$s94351 |B2130|0Yd2ASH
19]SS9)Y| S, Jayj0w ‘sse|d
|euojedndd0 s Jayow
‘pauue|d Adueudaud
‘awodul pjoyasnoy ‘siiqey
Supjows s Jayjow ‘Supjurip
s, Jayjow ‘uoleanpa

s Jayjow ‘pjoyasnoy ayj ui
ua.p|Iyd Jo Jaquinu ‘yiiq
Joawiyaylje ase s ayjow
‘Wy81em yaiq ‘98e s pliyd

supjulp

|ejuaJed ‘92Us|OIA d13SaWOop
‘Bupjows |ejeuaud ‘@wodul
Ajwey ‘snyeys Supjdom
‘uorjeanpa ‘a8e s,juaed xas
‘a8e s, p|1y2 Joj Juswisnipe
pue sisAjeue 3ul|qis

sajelieno)

wnjJedysod
Syjuow 4 e

G93e:svg DAs M3IAIR)U|

wnyedsod
syjuow ¢

¢ 98e'svg DA Je MaIAIBYY|

(Juswainseaw
awod3no se ase
swes) gT-z a3e
3uridsyjo e
pajiodal-j|es

(81-C
a8ueu age ‘i gs)
6 98e ueaw 109D

JUBWIAINSEIIN Je 3By
JUSWAANSEIN IVd

Sunidsyyo ‘ewodinQ

Jonbi|

10 s3141ds Jo
aunseaw 9|3uls
10 ‘QuIm Jo sse|3
493 jojuid-jleH

Jonbi| Jo syds
Joainseaw
9[8uls e 40 ‘UM
Josse|3e Usaq
jojuide ey

pajJodal joN

10403\ 30
HUN AuUHa@Auo
jouoniuyaq

uolsed0 Jad
S]IUN G- 10 }9aMm
Jadsyung-¢ s

uo|se0
J9d 10 oM
Jdsyung-T s

uolses20 uad
S)HUN G-€ 10 )>99M
Jadspung-¢ s

uoISe’no
J9d 10 yoam
Jdspunz-T s

yjuow uad

Sawl 7037 0}
Ajp4e4 8upjuq

(V/N)
a|qedydde joN

2)elspon
:qvd jossoqg

ysr/mon
:3vd Joasoq

¢00¢-000¢
wop3ury|
payun

2¢002-000C
wop3ury]
payun

€10¢-010¢C
uedef

SAEIA Y
Sundsyo
‘8uimes

(€TSTT =U)
Apnis 3i04oD
ULIVIEETTTA

(0916 =)
Apn3s 31040
wniuud)|IN

(009'T =)
pooyoqusIaN
pueswodu|
‘YyesH
‘uonedynens
4o ApnIs
asaueder

(u)

32.nog eyeq

e

(2102)
‘le39 Al19)

9(6002)
‘e A1y

(8T02) 1B 32
emexIyd]

(1eap)
Joyny

ALCOHOL RESEARCH cCurrent Reviews

15

Vol 43No 12023



"UOI}UD}IE JO ‘DoUSSI| |23l
‘Uo13dUNY DAIINDSXD

pue Jyd aesapow

10 MO| U93M}q

P33sIXa Uol3eI0SSe ON

Juawdoansp
9A131uS02 JO |eJoineYq
pue Asueugaud ul

3vd Y81 usamiaq
Pa31SIX3 UOI3RID0SSE ON

1Hjiqe
uoIsIA pue Suliesy ‘snieis
yyjeay ‘Sunjows |ejuated
|ejeu3sod ‘JuswuolIAuD
swoy Yeam Jad syuip jo
Jaquinu 98e.aAe [eulajew
|eeuaud ‘||A/g [eulalew
‘a8e |euJajew ‘sniyeys
|ejiew jeusajew ‘Ajued
JojeJisiuiwpe 1593 ‘3ulysay
je98es,p|Iyd Uapuad
S,p|IYyd ‘Sujows |eutsew
|ejeuaud Q| [eusazew
‘uoleanpa |ejuslied

SupjuLIp JUBLIND S JBYjoW
‘PIIY2 Yy3IM SSSUSSO|D

s, Jayjow ‘9ouaradwod
pajeJ-J|as s Jayjow
‘sa13a3e.43s auldidsip
|euaded ‘yijeay |eausw
S,J2yj0W ‘Dwodul [ejualed
‘uonjedyljenb [euoneanps
|ejuaJed 3saysly ‘o3e

SPIY2 ‘ployasnoy ui
ua.p|1yd Jo Jaquinu
‘syJomiau |erdos ‘Ajijenb
diysuoiie|as ‘uolyoeysiyes
9J1] ‘Ajlwey jualed-auo)
‘AJ21uY39 ‘Ajlaed ‘Supjows
|eusajew ‘Adueudaud
pauued ‘98e s aY1o|N

sajelieno)

Ga8e
9Nl e Uap|IyD 10y
uonuaY AepAiang

10159 ‘pasinay
—aoua8|||a3u| Jo 3|eds
AJewlid pue jooydsald
J9|SYI3A ‘UoiIduny
9AIINJ9XT JO AUOJUDAU|
Bupyey Joineysag

£93e'Svg DAs

Judwainsea| je a8y

Sundsyyo owod1nQ

[SEEIY

/T ¥ MaIAISU| joyodjeaund8 g1
Jonbi|

Jo syids jo

wnyedisod aunseaw 9|3uls
syjuow 4 e 10 ‘QuIm Jo sse|3
MBIIAIIU| 1934 juId-jleHq

yod|v 30
un uu@auo
jouonuyaq

jusawiainseajn 3vd

Yoam
Jad syupgol g

V/N

3jeJapo
:3yd Joasoq

(829'T=U)

Apms

Adueudaud

3uung

3lA3s3)1

Hoyop yyig

oM €00¢-L661 |euolieN

Jad syup 01T NJewusq ysiueqg
Adueudaud

8uLINp UoISe0 2¢002-000¢ (S8z‘or =U)

PEBIHEEIN wop3ury| Apnis 1404yo0D

Jadsyunz-1 payun WiniuusjfiN

Sied; yuig
Sundsyo
‘3ues

()

224nos eyeq

ysr/moT
:qvd jossog

%2(CT0C) 1819
|opouIsay|

2(€T0C)
e Al

(4eap)
doyny

(PanuRUO)) SBWO02INQ |EJUSWAO|IASPOINBN pue ainsodx3 |OYOod|y [ereud.d 2)eJ9pojn 03 MOT JO SaIpnis 'T xipuaddy

ALCOHOL RESEARCH current Reviews

16

Vol 43No 12023



‘SWIN|OA Ule.q

|euoiSau pue |e.qaJad

Ul S92UDI94JIp pue
(seiqoyd oyIdads ‘Ajaixue
1SAVS-M ‘[e303 ‘swiaqo.d
uopjuale ‘Buizijeuaixa
‘8uizi|eusa1u1:1DgD)
swajqo.d [eai3ojoydAsd
pue [eJolAeya( J91ea43
YIM pajeidosse

9Jom Adueudaud ul
padnpal Ivd 13|

pue 3yd 3|qe3sysi]

'SjuUadSa|ope

U1 J9pJosIp 39NpuUod
pue Jyd ajesapowl
103y8I| usamiaq
Pa3SIXa UOIJeID0SSE ON

Pwn

8uissadoud uojzew.oyul
10 dWI3 uoijoeal
2210Yd pue Supjulp
|euJaIeW UM}
Pa3SIXa UOIJeID0SSE ON

Suiput4

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

(suleood ‘siqeuued
‘022e(q03) Adueudaid Sulnp
95N 92Ue)SqNS J9y30 pue
‘uolssaudap |eulslew

‘ya41q Je o8k |eutsjew
‘@ouew.0)ad ape.d jooyds
pue JusWISSasse Jo awi}

e 98e YyInoA ‘A1dIuy1e
/3284 °YHiig 1e xes ‘yriiq
wu3a4d ‘S1om yriig

A3ojoyjedoydAsd awiyayl|
|euJajew pue iswa|qoad
|oyod|e Jo Aoasiy Ajiwey

JUSWUOJIAUD SWIOY (SJUIAS
91| ‘9]A3s Suijua.ed Luapuad
90eJ ‘swodul is3nup

121||1 43430 pue ‘Buled0d
‘euen(izew ‘020eqo}

01 94nsodxa |ejeuald

Ayjiqe

UoISIA pue ‘Ajljige Sulieay
‘asn |oyodje |ejuaed
‘uoissaudap [eusarew
‘Ajlue|n3a.ul jsejealq
X9pUl JUSWUOIIAUD SWOoY
/Allwey ‘snye3s yyesy
pl1y2 ‘Sunjows |ejuased
|ejeulsod ‘snjels |ejliew
‘uoneanps |ejuaJed Jo
y33u?)| ‘||Ng Adueudaud
-94d |eusajew ‘Supjows
|eusalew |ejeuald ‘Ajied

sajelieno)

01-6

so3e :3uiSew uieuq ()
‘Aua13Eq DdUB3I||PIUI
pinyy xo0qjool HIN (£)
159 SujuJea |eqJan
Aloupny Ay (9) sel
2I0yD yse) () ‘sajeas
uoniqiyuj [elolreysg
pue s2ueploAy
|edoineyag () ‘wio4
Hoys-uaJpiiyd

10} 9|e2S Jolneyag
aaisindw (€) (SAVSs-M)
uaJp|1yD d8y-|ooyds
Joy elualydoziyog

pue suapJosiq
SAIO/YY 104

3INPayYds (2) ‘109D (1)

9T 98e uapaosip
19NpuUod dJnsesaw

O} AI-3INP3YdS
M3IAJIRIU| d13souselq
pazuindwo)

Ga3e

‘w3 uoi3deal adloyd
pue awiy uissadouad
UOIJeWLIOJU] SSISSE 0}
wSipe.ed Suaquusls

JUBWIAINSEIIN Je 3By

Sunidsyyo ‘ewodinQ

(Juswaunseaw
SwodINo se
awi awes) OT-6
a8e Suludsyjo e
1J0dau jeusareln

AJan1jap je pue
Syjuow [euolleysas
YL Pue yiy 3e
JJodau jeussieln

SYEEI
/T 18 M3IAID|

JuaWAINSEI IVd

payiodaijoN V/N
68°0>

0140 < T Aep.ad

pajJodaljoN SyuLIp a8esdAy

PEEI
3z1 Jad syuup g-g
[oYod|y Jo S
-3vd joesog

HUN HuHasuo
Jouoniuysg

uolelsad
y3noJayy oom
12d SHUUPT'T
(Aoueugaud
JOoSyaM £
35T)>99m Jad 800¢-500¢
SYUHp g S93e1S pajiun
70 >TL
ui Aep uad T661-6861
SHULIP 93eUAY $91€31S pajuN
oM €00¢-L66T
Jad syuLp -1 JJewusqg

S1eaA ypIg

Sunds.
-qvdjossoq HO

(6126 =U)
Apmg
Juswdojaasq
9AI}IuS0)
uleag
JUSS3|0pY

(¢6G =u)owip
Ajuiajew je
S|dwes [eauld

(eee'T=U)
Apms
Adueuaig
3uung
3lA159417
Hoyop yig
|euolieN
ysiueq

(u)

32.nog eyeq

9,(0202)
‘le3e se9

#(1702)
‘le39 Agyae

(GT02)
‘(B3 uINqIy

C mw>u
Joyiny

ALCOHOL RESEARCH cCurrent Reviews

17

Vol 43No 12023



*$9100S AJIAI}OeISdAY

10 ‘$91025 DS [ewdouqe
‘AHAV Yum pajeidosse
9J9M SunjuLIp S1eJapow
Joujysi| JayyeN

‘pazAjeue jou sem g |
pue ] ul3vd s3esspojn

TLul3vd
9]EJ3pOW IO MO| YHM
Pa)SIXa SUOIFeID0SSE ON|

*$9400S 9AI}US0D
12481y AjySis yum
pajenosse alaM g | pue
1 Ul 3Vd JO S[9AS| MO

‘go8euogade

1€ S2W02)N0 |eJoiAeYaq
pue Jyd Mo| usamiaq
Pa3SIXa SUOIILID0SSE ON|

Sutpury

(PanuRUO)) SBWO02INQ |EJUSWAO|IASPOINBN pue ainsodx3 |OYOod|y [ereud.d 2)eJ9pojn 03 MOT JO SaIpnis 'T xipuaddy

snjejs [ejllew pue ‘A3diuyie
‘uoijeanpa eulajew
‘awodul pjoyasnoy ‘|iNg
Adueugaud-aud jeussjew
‘snjejs Supjows |eu.rsiew
‘o8e |euuajew ‘o3e [eusled
‘Ayaed ‘Auanijap je aSe
|euolje1sad Uspuan)

INg pue ‘ALed

‘Ol ‘A3aixue ‘asn aouejsqns
9sNn 020eq0} ‘98ensue|
154y ‘pjoyasnoy jua.ed
-9]3uIs ‘y3.1q Jo A1aunod
‘ui110 Japuels| 3e.ls
$9..0] JO |eulS1Ioqy ‘|9A3)
uoljednpa [euJajew ‘ose
|euJalew ‘S35 pjoyasnoH

XS JUBJUI pUE ‘UOI1e}SI3
JOSY99M GT Je Snje)s
upjows jeusalew ‘(NG
|euajew ‘awodul Ajiwey
‘snjejs [ejliew ‘uoljednps
|eualew ‘93e |eulale|n

sajelieno)

£93e:0ds

‘sisougelp (QHAV)
J9pJosip AjAIoesadAy
/Hdyap-uonuaye

Jo 1J0dau |ejualed

syjuow zT a3e:q|sg

G 98e 59 douadl||PIU|

JoLg uewyney|

G puez sege 109D

juswainses| je a8y
SunidsyyO ‘ewodnQ

JusWAINSea IVd

Jonbi ao syunds
Joainseaw

wnJedisod 9|3uIs e 1o ‘DuIM

Ssyjuow 4 jJosse|3e uaaq

18 M3IAJISIU| jojuide jjeH
wnyJedysod
S}9aM 4 pue‘z]

‘T1 38 M3IAJDIU| loyode 80T

uo131e31593 JO SHPaMm Joyodje aund

GTIeMaIAIB]  (PT)|WOT 4088

[0Yod|v j0
HuN Huaauo

Yoam uad
SHUUPYT 038 >

uoiseano
Jadsyuupy s
037 < pueaam
Jadsyuup/s

ajesapoN
:3vd Joasoq

¢002-000¢

Noam Jad wop3ury

SYULpL0OIE S payun
uolsesd0 Jad
SHULIP Z 5 pue

Yeam ad €102-800¢

SNULP /S eljessny

110¢-¥00¢

wop3ury

payuN ‘puead

PEE ‘elesysny

Jadsyun /-7 ‘puejeaz MaN

SiedaA yuiig
Sundsyo
‘8umes

WsI/Mo
:3vd joaso

(r00'eT = U)
Apnis 34040
wniuua||iN

(Tee'T=u)
Apmis g
aydu 3y

(£L0ST=U)
(syurodpuz
|euoilianN
pue
|ea180]j04naN
uo joedw|
3unenjeas
‘3d0DS
Jayy salqeq)
ANIN3svg pue
(sjutodpu3
Adueu8aud
Jo 8uiusa.dg)

1402S

(u)

32.nog ejeq

(0202) 18
PIPYHUN

«1(870T) 181
PeWI0)IIN

c2(2202)
‘239 Jayepy

ALCOHOL RESEARCH current Reviews

18

Vol 43No 12023



‘Aejop a3en3ue|
pue 3yd Mo| usamiaq
Pa3SIX® UOI3RID0SSE ON

'SaW023IN0

9A1}US02 Jo ‘Bujuies)
‘uoljualie pue ‘uoleysas
Ul 93€| Jou A|lea Jayjiau
‘loyod|e ajesapow 1o
Y81 usaMIa( PaISIXD
SuoIje|0Sse ON

‘(sj1330u) shoq Suowe
swia|qo.d Suizijeusajul
Y3m Adueudaud jo yued
Aldes ul Jyd 91elspow
pue Mo| usamiaq
P31SIXa suoljeldosse
9A1193304d ||leWS

‘swa|qo.d

19ad Jo ‘uoiusyieul
JANARDEIRAAY ‘leUOIOWD
4onpuod pajel-jualed
Y3IM Jvd S1e4opow 1o
1Y81| usaMIa( paIsIXa
suolje1osse ON

9sn 8nup 1101||1 ‘s4azijinbue.y
JO 95N ‘Bupjows ‘uoljeanpa
‘AjJed ‘sniejs |ejliew
‘Qwodul ‘AudAlRp Je a3e
|euJajew ‘ssaujs ‘Ajaixue
‘uolssasdap |eutsarew
‘uasaud Jaujled ‘9|eas
SunuaJed ‘Suiuoiiouny
Ajlwiey s 493sendIA

(1 98e 1R U0

Adueugaud ur swodul MO| 10
‘snyeys Juased-a|3uls ‘6T >
93e |eusiew ‘uoedNpa
|euJa1ew Mo|) 9102S sl
1e120s‘G'8T > [INg [euUJa1ew
‘Aoueudaud a1e| pue Aiea

ul 3upjows 9139481

Adueugaud

ul 3utag-|jom |ea13ojoydAsd
|euJajew pue ‘sasouselp
o13e1yd2Asd Adueusaud
-a.4d |ejuaued ‘uoijesnpa
|ejua.ed ‘Supjows [euualed

sajelieno)

z98e

{9|e2S LoD IUNWIWOD)
aJleuuonnssand
sa8e35 9 sady

T 98e:108D

£ 33e:Das

jusWaINSea| je a8y
Sundsyjo owonno

wnyJedysod
SYaamZT 1e
aJleuuonsand

AJanijap Ja3je pue
USIADIUID [ejeussd
354y Je pajioday

wnyJedysod
Syjuow 9 je pue
‘0E >99M ‘9T Yoam
|euorjelsasd je
1J0daJ jeusaleln

JusWINSE3N Jvd

Ajlep o1dn Apeam
ueyj ssa| wo.y
Sui8ueu Aduanbauy
€ U}IM ‘Uoiseddo
Jad |joyodoe

|oyod[e 3 QT 806>01301

VVZ050

Soam Jad syulip
1 0} g 93eaane
‘Aoueudaud uad
SHULIP 06 0}

Joyodjeaind3z1 G < @AIlE|INWND

[oYyody J0
Hun HuE@suo
jouonuyaq

9)elspoN
:3vd jossoQ

3oom Jad shep
9 01dnApjam (6€L'T=U)
uey3 sss| jo YiesH jo
Aduanbauy e yum Aaning
‘uoisexdo Jad 9661-566T ueljessny «6002)
joyodle 80z s eljes3sny w2isop e Alea],0
Aep Jad (6€T'G=U)
sse|31 0160 AdoueuSaud
JoApms
Aep puejsusand 22(£002)
Jadsse|3 g0 > 7861-1861 JoAyisianluN ey
IMOT eljeJsny BEVCIN| ueyse|ed,0
Noom Jad syulp
2010 < 93eJane (ZST'LE =)
‘Adueu8aud Jad 1oyoD yuig
SYUMP G010 < ¢002-9661 [BUOREN  (¥T0OT) B39
aAljEINWIND SJewuaq ysiueq uasepIN

SiedA yiig
Sundsyo
‘8un3ag

() (1e3A)
Joyny

ysr/mon
:3vd jossoQ

224nos ezeq

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

ALCOHOL RESEARCH cCurrent Reviews

19

Vol 43No 12023



‘3vd Adueudaud
9]e| 10J PIAISSUO SU9M
SUOI}BID0SSE OU (591005
w?|qo.d 3uizijeutaxs

pue Suizijeutsiul
J9MO| Y}IM PajeIdosse
sem Adueu3aud jo
Syuow g 3siy ul 3vd
9lelapow puey3i]

“JUSWaARIYDEISpUN
DIWBPEDE YHIM PajeIdosse
10U SeM Jy/d 91BISPOIA|

“jdewyduaq
Buipam Jo ‘Suyjads
‘Buipea. Jojuedyiusis
Ajjeansiyels jou
Sjdewyousq dlwspede
Adesawnu Suissiw

JO SPPO JaMo| yim
pa1e100Sse sem Jyd MO

840 ‘G ‘Z sa8e uaJp|Iyo
urawod3no 10g)D Aue
pue 3yd Mo| usam}aq

Pa3SIXa UOIJeID0SSE ON

‘swia|qo.d aAIssau33e
10 213eWOS YIMjou Ing
uolissaidap/Alaixue

JO sppo paseaJoul

UM P3]eID0SSe SeM
T1ul3vd 33etspoN

‘(9n0qe Jaded ul pajaodal
os|e) Aejop a3en3ue|

pue Jyd MO| usami}aq
P31SIX3 UOIIBID0SSEe ON

(PanuRUO)) SBWO02INQ |EJUSWAO|IASPOINBN pue ainsodx3 |OYOod|y [ereud.d 2)eJ9pojn 03 MOT JO SaIpnis 'T xipuaddy

a3e

S,p|IYo ‘Sunjows 93324310
|eusarew ‘Adueudaud ul
$$9.1S ‘OWodUl Ajlwey ‘Swoy
Ajiwey ul sayiey [ediojoiq
4O 9duasaud ‘uoizeanpa
|eusalew ‘a3e |eusalein

awoy je uayods saden3due|
pue ‘awodul ‘Sujows

‘asn 8nup Jazi|inbue.y
Jo/pue 1121||1 ‘Ayiied
‘AJd1uY3L ‘snjejs [ejliew
‘uorjeonpa ‘a8e |eulaje|n|

$s9.1S

pue ‘A3aixue ‘uoissaldsp
|euJslew pue joyodje 03 anp
AJlwe) ayj ui uoisuay ‘9jA1s
SupjuaJed ‘Sujuoiyouny
Ajlwey ‘uoissaidap
|ezeulsod ‘uoissaudap
|ereuysod Joj Juswiealy
‘wodul ‘snjejs [ejliew)
s9)eLIeA0D [ejeusod
‘(Aoueudaud Surinp sys|qel
Buidas|s pue ‘suazijinbueuy
‘s3n.up 3101]|1 Jo 9sh pue
‘Bunjows [euleW ‘90Ul
‘Ajd1uyls ‘Ajlaed ‘sniels
|ejiew a8k |euajew)
$9]eLIBAOD [BIRUIIUY

sajelieno)

19811090

6-8 sa3e {Adesawinu
pue ‘Suyjjads

‘Buipum ‘uipeau Joy
SyJewyouaq oW
ua.p|Iyd Jayaym
$9INSEIW JUSWISSISSY
Adesawinp Adeuay
Uel[ed}sny UJ9ISapA

8 pue ‘g ‘gsage1dgd
Z 93e ‘(Aejap a8en3ue))

alleuuonsanp
sadels 9 sa8y

Judwainsea| je a8y

Sundsyyo owod1nQ

uole}sad Jo
SHIdM € pue gt je
aJleuuolssnpd

wnyJedysod

SYaaMZT 1e
aJleuuonssanpd

wnyedjsod
SYoamZT 1e
aJleuuon}sand

jusawainseajn 3vd

joyodje 30T

Ioyoo|e 80T

Ioyoo(e 80T

Yoy 30

Hun HuU@euo

jouoniuyaq

Yoam
Jad SYULIP OT 03 £

Yoam Jad syulip
L> pueuoisedno
Jad syurp
pJEpUElS -€

uolsed20 Jad 8 4t
pue 8 Tz usamiaq
pue »oam Jad
loyode30/Ls

3)eJapo
:3yd Joasoq

MoaMm Jad syuLip
903Z:3ysn

Soam
JadyuupT s
‘leuoiseadQ

Moam Jad syulp
/ > pueuoise’no
JadsyuLp g-1

uoISeZno
19d80z-0T >
pueyoam Jad
joyodje30./ >

ysr/moT
:qvd jossoqg

ALCOHOL RESEARCH current Reviews

0

Vol 43No 12023



Yaaiq e age

|eusalew pue ‘Adueusdaud
pue uoijdasuodaid Sulnp
yauow Aue ui Supjows
JeuJajew ‘uoi}Ipuod

syjuow g9-og sase

‘(uesyludis Jl3eIydASd [eussrew suo ‘{(340dau san18a4e2) Juswainseaw

10U Z yjuow Ui syutip 1se9| je ‘Ajied eusslew PISIASY M3IAISIU| awWo23no se
Z-T) ASYV O Sppo Jamo| ‘AJan1jap e uoijednpa J13s0uselq wsiny awi}awes, (16T =U)
UM P3]RID0SSE S19M |euajew ‘A3diuyls/a0ed 33 pue (340da. p|iyd) Apnmis

T yauow ur syup z-1
‘{dSY UMM pajerdosse jou

|eusajew pajodal-j|as
‘Adueudaud ayy 0y Jord

3|NPaYIS UOIFAIDSIO
J13s0uSelq wsiny

(syauow 89-6¢
:98ue.) wnyuedisod

Jonbj|
J0ys T 40 YuLp

Moam Jad syulip

|oJjuo)-ased)
Juswdojansg

SeM Z YJuow Jo T yjuow JeaA 3y ur swodul 93U} Y}IM paunsesw Syjuow GG je paxiw T ‘QUIM Z-T 9amuad 900Z-£002 Alse3ai0dx3 w(£102)
ujeam IaduLp T > ployasnoy |e101 X3S S,plIyD sisougelp QsV odau [eussrein sse|8T 499q 1 NuULp T >:3y3 $91e31S pajuN 01Apnis ‘le3a 428uls
*$94025 Z 9315
Aey| yum pajernosse
jou sem 3yd ysI]
Japuasd pue ‘ySiom
'IVdIysl  Yiiiq ‘o3e [euone3sad spjiyd
0] pasodxa asoy3 ul ‘yyesy |eausw jeussljew
24025 DS |e101 pajed ‘paliIew AJUS.IND JSYIaym
-jua.ed uo paseadde ‘diyssoumo swioy ‘7| Surinp (855°0T = U)
S9WO02IN0 9SI0M s3nJp 21||1 JaY30 Jo/pue uaJp|iyd
Ajnysiis Jo uonysad3ns sigeuued Jo asn ‘Supjows Jo uole}sad pue sjua.ed
13 U] 'SaW02IN0 Aduanbauy Ajiep ‘uonjeonpa 11 o8e JOS)oaMgT 1€ (sse|3 266T-T66T JoApnis
pue 3vd 1ySi| usamiaq |euajew Jo [9A3] 3saysSiy {SUOIJBUIWEXD [00YDS aJleuuonsanb T 033U3|eAINb3) PEET wopSury JeuipnyiSuo] (ET0T)
Pa3SIX3 UOIRID0SSE ON ‘Aj1ued ‘98e |eusaje|n| z98eis Aey ‘OAs pajiodal-y|os joyodoe3g V/N Jadsse|3 T > panun UOAY ‘[e 32 |eAes
yS1am y1aiq pue ‘dnoud a3e
|euoi}e)sas ‘AjdIuy3Ia pjiyd
‘91005 39|edS uoissaudag
|eYeUISOd ydinquipg ysiy
‘dnoJ3 a3e |eusajew ‘Ajed (9806 = U)
'shoq Suowe jou ‘snjejs [ejiew ‘diysiaumo syuow gOT uaJp|iyd
1nq ‘s|413 Buowe $3102s awoy ‘uoieanps [eutslew 0176 :DQs 4aydea] uolye1sas Jo pue sjus.ed
Qs pajel-iayaea} pue J0[2A9]3s9Yy31y ‘TL Ul S)99M BT Je (sse|3 C661-T661 JoApms
|ejuaJed 3SI0M ypm s3nJp 321||1 Jo SN pue Syjuow 18 aJleuuolsanb T 033U3|eAINb3) oam wopSury JeuipnyiSuo] «(£002)
pa1e100sse sem Jyd MO ‘asn siqeuued ‘Supjows pue /:Dds |elualed pa1Jodal-yas joyodoe3g V/N Jadsse3 T > pauun UoAY ‘[e19 |eAes
(sonsuaoeleyd
juedion.ed ul saoualayip (8£9'TZ =U)
‘AJIAoeIadAy 9zA|eue 03 $34040d uo13e3s98 JO SYIaM aHay uo
/uonuaneul ypm 93.y3 ul pazA|eue) 93e 2€-91~1eainsodxd ¢00Z-¥861 J10MIBN ¢¢(6002)
paje1d0sse Jou Jeuoije3sas ‘ySiom yiaiq GT-/ s98e Apjoam a3esane jo oam puejui4 JIpJON WOy NEE]
Sem Jyd Mo ‘AyISIaApe [e120S ‘Sunjows 9[e2S 491Ny ‘DAS 1Jodau jeusareln pa1i0daljoN V/N Jad s)up 011 “ydewusq $140402 994y zan3Lpoy

yod|v/ 30

S1eaA YIg

ALCOHOL RESEARCH cCurrent Reviews

21

JusWaINSE3 Je 38y ajesapoy (u) (1e3A)

3uipuiy
32.nog eyeq Joyyny

s9jelIen0) JuBWAINSEIN IVd

Hun AuHa@auo ' . Sundsyo
JouonuLeq :3vd403soq :3vdjossoq Sumos

Sundsyyo ‘ewod1nQ

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

Vol 43No 12023



sjuswLiedw| UOISIA

pue Sulieay 4oy siojedipul
pue‘snieis yijeays,pliyd
‘awoy ayj ui Supjows
|ejeujsod QUSWUOIIAUD
awoy ‘Ajued ‘||\g ‘O3e
‘uonndwnsuod joyodje
931eJ9pOoW 03 MO| Jo BupjulIp
23uIq |euJalew :s103oe)
3uipunoyuod |erjuajod
SuIMO||04 3Y3 pP3]|0J3u0d

OsS|e [opow [N} 8Y3 seaaym (829'T=U)

‘51032e4 3UIpUNOJUOD Apnis

9102 PaJapISUOI S9M Adueugaug

19159 pue Jspussd Suung

‘uoljuajle ‘Buiysay jeade s p|iyo 9|A1S9)I7

pue 3yd a1eJapowl ‘Aoueu8aud ul Supjows G a8e‘aniq1e 14040 yuig
10 MO| U9amIaq |eusalew ‘Y| |eusarew ua.p|iyD Joj uonuay [SSEEIY PEEI PEEIN €002-L66T leuonleN  (¢102)1e1e
P331SIX3 UOIIBID0SSEe ON ‘uoijeanpa [ejualed AepAiang Joisal /T ¥e MaIAJRIU| joyodjeaund8 g1 Jad syuupgolg Jad syulp 03T NJewuaq ysiueq Saalquapun

Snjejs yyesy spjiys pue
‘lINg [eusarew Adueudaud
-24d ‘Bupjows |ejua.ed
|ejeu3sod ‘JUaWUOUIAUD

awoy-Ajiuwey ‘snjeis (829'T =U)

|ejiiew jeussrew ‘Ajed Apnis

‘o3e [euJarew Uapuad Adueudaud

S,pIIyo ‘3unysay je ade 3uung

Jolneyaq Sulidsyjo S,p[1y2 ‘Sunjows |eusajew 9|A1594I7

pue uoindwnsuod joyodje |eleuaud Q| eusslew Ga3e‘©As Hoyod yyig
9]eJ9pOW 03 MO| U99MID] ‘uoijeanpa |ejualed pajeJ-1ayoesy [EEI oM 200Z-9661 leuoneN  (ET0Z)[e1°
pa3sIxa uoljeldosse oN ‘Bupjuip a3uiq |euale| pue -jualeq /TIBM3IAIRI|  |oyodealnd3ZT V/N Jad syuLp 03T Jlewuaq ysiueq 20493053

pIy2 Jo smiels yijeay ‘|INg
Jeusajew Adueudaud-aud
‘upjows |ejuaJed
|ejeu3sod ‘JUaWUOUIIAUD

awioy Ajiwey ‘snje3s (89T =U)

|ejiew jeusajew ‘Ajued Apnis

‘o3e [euJarew ‘SupjulIp Adueudaud

93ul1q [eusajew Uspusgd 3ulng

*uoI1dUNJ SAIINIAXD s,p[1y2 ‘Sunssyjeade G a3e ‘swoy Jaydes) 91A1s9417

pue 3yd ajeJapowl S,p[1y2 ‘Sujows |eulajew pue juaJed uoroung 1404yod yuig
10 MO| U9aM3aq |ejeuaud ‘DJ [eudajew  SAIINDIXT JO AJOJUSAU| [SEEIY Yoam oam €00Z-L66T leuoneN  (ZT0Z)[e1°
Pa1SIXa UOIIBID0SSEe ON ‘uoijeanps [ejualed Suney Joineysg /T 18 MaIAISIU| joyodjeaund3g1 Jadsyuupgolg Jad s)up 01T SNdewusq ysiueqg 2qJ4980%S

yod|v/ 30 SIEA Y11

JUSWAINSE3|N e 38y 3)e4apon WYSr/mo () (1e3p)
SupdsyyQ owodno ] :3vd Jo3soq :3vd Joasoq s 32.nog eyeq Joyny

Suipui4 sajelieno) JUSWAINSEdIN IVd |  Hun HulIgauQ Sundsyo

(PanuRUO)) SBWO02INQ |EJUSWAO|IASPOINBN pue ainsodx3 |OYOod|y [ereud.d 2)eJ9pojn 03 MOT JO SaIpnis 'T xipuaddy

ALCOHOL RESEARCH current Reviews

22

Vol 43No 12023



J93SaWII] PAIYF ‘S (191SDWIIIY PUODIIS ‘7] (191SDWIIIY ISAL ‘T ] ‘SNJEIS IIWOUO0DII0I0S ‘GG ‘D41euuoilsany saindouyig pue yiduauis ‘Ods ‘uoljeinsp pJlepuels ‘gs

Xapul Juswdolanap JojowoydAsd ‘|Qd 24nsodxa joyod|e [ejeuald ‘Jyd Yi|esH JO SaIn}isu| jeuoljeN ‘HIN -UOIP puodas ‘Juawssasse |edI30[0YdASJOININ ‘I1-ASdIAN ‘9|gedijdde
10U “Y/N “J931|1][1W ‘|w Xapul JUSWAO|SASP |BeIUBW ‘|JIA ‘USJp|IYD 938y-|00YDS J0J eluaaydoziyds pue suaplosiq 9AI1094Y 404 3|NPaYds ‘SAVS-Y 9402S 9|eag ssaJdjsiq |e2130|0YydAsd
191559} ‘9402S 9 ‘swie.sd ‘3 LUa}I[129P ‘|p ASIPP2YD Jo1Aeyag plIyD “1DFD ‘Uol1ps pJiyl ‘Quswdo|daAs( J3|ppoL pue jueju| Jo saleds AsjAeg ‘|||-A1Ssg ‘Jusawdolana Jueju| Jo ss|eds
As|Aeg ‘Q|Sg ‘xapul ssew Apoq ‘|IAg -9]|e2S AM|IQY Ysiilig ‘Syg -1apJosip wnu3dads wisiine ‘qsy -4apJosip AllAlldesadAy/inysp-uoljuslie ‘qHAY (|oYyod|e a1njosge ‘Y 210N

‘uoljoelayul
pliyd pue juswadesus
|e120S 3|qedISapUN YHm
P3)eID0SSE 249M SHULIP

€0} T PUBULIPT >

*9|e2s Suljed Joineyaq
pue ‘ss|gelieA uolie|nda.
AJosuas ‘sajeasqns
10]O|A 40 [ejua| AS|Aeg
3uIpn|dul SSW02IN0 3S0W
UM P33eID0SSE J0U SJaM
SYULPEO0}T JONULPT >

oam
Jad syulpsJjow o g
Y1IM Pa3SIXa SUOIJeID0SSE
ou :gHQAV 40 sl Jamo|
UM pajedosse sem Jyd
Moamuadquup T ordn

Suiput4

JUDWISSISSe
1ea3e s,p|Iyd ‘AruaAod ‘9oey

supjuip

23uliq YeaA yjiq ‘Ajsed
‘Aoueu8aud ul Supjows
‘NG |euoljejuasald
‘95easIp 21U0UYD ‘[9A3)]
|euoijeonpa paujejje
159y31y ‘93e [eusale|n

sajelieno)

syjuow ¢ a3e
as1ppPay) woldwAsg
J3|ppOL/3ueju| 9jeds
3uijey Jolneyag ‘o|eds
Bulyoes] JusWssassy
pliyD SuisunN ‘uonip3
U2Jeasay —w.io4
110ys As|Aeg

(67 98e01dN)ZT

93k uelpaw ‘saL)sI3ad
Yifesy ysiueq wodj
sisougelp gHAV

JusWIAINSEdA Je 98y
Sundsyyo ‘wodinQo

(syauowi zz 039
a3ueJ) wnjiedisod
Syjuow 4 e

JJ0dau jeusaleln pajiodaljoN

(SX2aM TT uelpaw)
AdueuSaud Alues

uraJieuuonseny)  |oyodjeaind8zT

[0yod)y J0
Hun MuEasuo
jouoniuyaq

JusWAINSEIN IVd

29M Jad s)uLIp g-T
SoamaaduLp T >
s9110893ed Ul pazAjeuy

>99M Jad SHULIP {7 03 () :93eJ2POW 0} MO

Moam Jad syulip

€310 TT >
:$9110833e2

V/N se pazAjeuy

2jelapoin
:qvd joasog

WBry/mo
:qvd joasog

(0001 = u)
}oyod ypuig
—salpnis
[euIpN}ISuoT +(0T02)
100C poouyp|yd ‘e 32 umoig
S9)€3S payun Ae3 SWwel||IM
(cL0'8t=U)
ZT02-866T }10yoD +(0202)
Jlewusqg yyig snyJey NEREEIETVY

SdeaA yuig
Sundsyio
‘8uipas

(u) (1eaA)
32.nos eyeq Joyiny

(PaNuRUO)) SBWO02INQ |EJUSWAO|IASPOINSN pue aInsodx3 |OYOod|Y [ereud.d 2)eJapojA 03 MOT JO SaIpnis 'T xipuaddy

ALCOHOL RESEARCH cCurrent Reviews

23

Vol 43No 12023



	Low to Moderate Prenatal Alcohol Exposure and Neurodevelopmental Outcomes: A Narrative Review and Methodological Considerations
	Methods
	Search Strategy 
	Eligibility Criteria
	Data Abstraction and Synthesis of Results
	Figure 1. Sample selection for inclusion in this review.  Note: PAE, prenatal alcohol exposure.

	Results
	Study Location
	Prenatal Alcohol Exposure 
	Timing of PAE Assessment
	Neurodevelopmental Outcomes

	Discussion and Comment
	Methodological Issues With the Study of Light to Moderate PAE
	Alternate Study Designs to Address Methodological Issues

	Conclusions
	Limitations of This Review
	Public Health and Clinical Implications
	Summary and Future Directions

	References
	Appendix 1. Studies of Low to Moderate Prenatal Alcohol Exposure and Neurodevelopmental Outcomes




