DOI: 10.1111/j.1471-0528.2006.01163.x
www.blackwellpublishing.com/bjog

J Henderson, R Gray, P Brocklehurst

Systematic review

Systematic review of effects of low-moderate
prenatal alcohol exposure on pregnancy outcome

National Perinatal Epidemiology Unit, University of Oxford, Old Road Campus, Oxford, UK
Correspondence: Dr R Gray, National Perinatal Epidemiology Unit, University of Oxford, Old Road Campus, Oxford OX3 7LF, UK.

Email: ron.gray@npeu.ox.ac.uk

Accepted 3 October 2006. Published OnlineEarly 18 January 2007.

Objective The aim of this study was to review systematically the
available evidence on studies in humans on the effects of
low—moderate levels of prenatal alcohol consumption (up to 10.4
UK units or 83 g/week) compared with consumption of

no alcohol on pregnancy outcome.

Design Systematic review.

Population Pregnant women or women who are trying to
become pregnant.

Methods The search strategy included Medline, Embase, Cinahl
and Psychlnfo for the years 1970-2005. Titles and abstracts were
read by two researchers and inclusion/exclusion being decided
according to prespecified criteria. All the included articles were
then obtained and read in full by the two researchers to decide on
inclusion. The articles were assessed for quality using the
Newcastle-Ottawa Quality Assessment Scales.

Main outcome measures Outcomes considered were miscarriage,
stillbirth, intrauterine growth restriction, prematurity, birthweight,
small for gestational age at birth and birth defects including fetal
alcohol syndrome.

Results The search resulted in 3630 titles and abstracts, which
were narrowed down to 46 relevant articles. At low—moderate
levels of consumption, there were no consistently significant effects
of alcohol on any of the outcomes considered. Many of the
reported studies had methodological weaknesses.

Conclusions This systematic review found no convincing evidence
of adverse effects of prenatal alcohol exposure at low—moderate
levels of exposure. However, weaknesses in the evidence

preclude the conclusion that drinking at these levels during
pregnancy is safe.
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BJOG 2007;114:243-252.

Introduction

There is now a large volume of literature on the effects of
maternal alcohol consumption during pregnancy on the devel-
oping embryo, fetus and child. It is generally accepted that both
abusive and heavy drinking are associated with fetal alcohol
syndrome (FAS) and fetal alcohol effects such as growth
restriction, birth defects and neurodevelopmental problems.!

The current UK Department of Health guidelines recom-
mend that women who are trying to become pregnant or are
at any stage of pregnancy should not drink more than 1 or 2
units of alcohol once or twice a week and should avoid epi-
sodes of intoxication.? Since most pregnant women either
abstain from alcohol or drink at low—moderate levels,® any
evidence on the effects of drinking at this level during preg-
nancy will be of interest to pregnant women, clinicians and
public health practitioners.

We therefore searched for studies that compared women
with an intake of less than 84 g of alcohol per week, i.e. less
than 12 g/day (1 UK unit contains 8 g of alcohol), with those
who abstained during their pregnancy. Half a pint of ordinary
strength beer, lager or cider contains 8 g of alcohol; a small
glass of ordinary strength wine contains 12 g and a small pub
measure of spirits contains 8 g. The objective of this system-
atic review was to assess whether drinking up to this amount
was associated with a greater risk of adverse pregnancy out-
come compared with total abstention.

Methods

Studies were included if they were case—control, cohort or
cross-sectional studies published between January 1970 and
July 2005 in the English language in a peer-reviewed journal;
if they included data on the relevant outcomes: miscarriage,
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stillbirth, intrauterine growth restriction (IUGR), preterm
birth, (low) birthweight, small for gestational age (SGA) at
birth or birth defects including FAS and if average weekly
alcohol consumption was grouped into two or more catego-
ries. The ranges of at least two of these categories had to be
contained within the range of less than 84 g/week and could
include an abstainer or an infrequent drinker (<6 g/week)
group. Studies were excluded if there was no quantitative
measure of alcohol consumption that could be converted to
UK standard units or grams of alcohol, if average alcohol
consumption was treated only as a continuous (and not as
a grouped) variable and not limited to the low—moderate
range, if there was insufficient data for an (adjusted and/or
crude) effect measure of low—moderate consumption to be
extracted, if it was a duplicate publication or if the study was
only available in abstract form.

A computerised literature search was undertaken using the
WebSpirs 5 software of Medline (1970-2005), Embase (1980—
2005), Cinahl (1982-2005) and PsychInfo (1972-2005). Mesh
headings and free-text terms were used for the exposure and
outcomes. The search was limited to studies where ‘low’,
‘light’, ‘social’, ‘moderate’ or ‘dose’ appeared in the text in
relation to the exposure. The results were then ‘filtered” using
the ‘high-sensitivity” filter for aetiological studies.* A copy of
the search strategy is available from the authors.

Titles and abstracts (if present) of all studies identified were
reviewed independently by two members of the research team
to identify potentially relevant articles; differences were
resolved by discussion. Articles deemed relevant or of uncer-
tain relevance were obtained and read in full. These articles
were reviewed against the inclusion/exclusion criteria inde-
pendently by two members of the research team to determine
which article to include. Reasons for exclusion were identified
and are available from the authors.

The quality of all the included studies was assessed using the
Newcastle-Ottawa Scale as recommended by the Cochrane
Non-Randomized Studies Methods Working Group.’ It uses
a system in which a study is judged on three areas: the selection
of the study groups, the comparability of the groups and the
ascertainment of either the exposure or the outcome of interest
for case—control or cohort studies, respectively.

A data extraction form (available from the authors) was
designed, piloted and revised. Each included article was read
and data were extracted by a member of the study team;
a second member checked table entries for accuracy against
the original article. For each of the outcomes, data were syn-
thesised into tables, giving descriptive information for each
study included. Where authors did not provide effect meas-
ures with 95% confidence intervals or perform statistical test-
ing, we attempted to do this, where possible, from summary
statistics. These are shown as italics face text.

It was not anticipated that a meta-analysis would be
appropriate, given the likely heterogeneity in methods of

the different studies. The studies have been grouped by out-
come, summarised in tables and are discussed below.

Results

Searches of the databases resulted in 3275 articles (Figure 1).
Of these articles, 308 were marked as either relevant (121) or
of uncertain relevance (187) on the basis of their title and
abstract (where available). Full text of these articles was
obtained. In addition, 87 articles from the bibliographies of
a key text and review articles were also obtained (395 in total).
Of these articles, 46 were included in the review. A brief
summary of these studies is shown in Table 1.

Miscarriage

There were eight studies describing the effects of low—
moderate alcohol consumption on miscarriage (Table S1).
Information about miscarriage was derived from maternal
self-report,® hospital records,” 1 record linkage!! and in one
case daily urine specimens.'? Miscarriage was limited to the
first trimester in one study,® up to 20 weeks of gestation in
two®1% and up to 27/28 weeks of gestation in the rest. All but
one of the eight studies used hospital or antenatal popula-
tions and thus would not have been able to include very early
pregnancy loss.

The case—control study by Long et al.® limited to first tri-
mester miscarriages reported that women drinking 1-10 units
of alcohol per week (up to 80 g) had a relative risk (RR) of
3.79 (95% CI 1.18-12.17) compared with abstainers. This was
adjusted for confounders, but exactly which confounders was
not stated. Moreover, alcohol exposure was ‘pre-pregnancy’,

Medline
Embase
Cinahl Bibliographies =
PsychInfo 87 papers
= 3543 papers
Relevant il
395 relevant
3235
Included Excluded Unobtainable
=46 =341 =8

Figure 1. Results of the search.
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Table 2. Stillbirth

First author, Period and
year of numbers
publication, recruited
country,

study type

Measures of
alcohol exposure
and outcome

Results

Comments

Davis, 1982,"3 UK,
cohort study

1980, 973 babies,
7 stillbirths

1988, 3309 stillbirths,
9953 live births

Faden, 1997,'6 USA,
nested case—contr
| study

Kesmodel, 2002,
Denmark, cohort

1989-96, 24 768
including 116 stillbirths

study

Little, 1993, 1980, 1835 cases,
USA, case—control 2832 live birth
study controls

Marbury, 1983,
USA, cohort study

About 1982, 12 440 births
including 73 stillbirths

Questionnaire at booking visit,
outcomes from
hospital notes

Written self-report postpartum,
outcome from National Mater-
nal and Infant Health Survey

Questionnaire in early pregnancy,
outcome data from birth
registration forms and Danish
Medical Birth Register through
record linkage

Postpartum questionnaire,
outcome data from birth/death
certificates and hospital records

Retrospectively by PN interview,
outcome from medical records

9/24 hours % stillbirth
0 0.4
1-8 0.3
RR 1.0 (0.2-4.4)
Weighted %
g alcohol Live births Stillbirths
None 79.3 84.5
<12/month 10.8 7.8
12/month 3.5 1.7
13-36/month 2.5 2.1
12/week 1.3 1.35
13-24/week 1.3 0.8
25-60/week 0.8 1.0
g/week % stillbirth
<12 0.4
12-24 0.5
25-48 0.6
g/week Adjusted OR (95% Cl)
<12 1.0
12-24 1.3(0.8-2.0)
25-48 1.3(0.6-2.5)
% live births % AP deaths % IP death ~ OR (AP/IP) (95 % Cl)

0.2-2.4
2.5-6.0
6.1-12.0

0.2-2.4
2.5-6.0
6.1-12.0

g/week

1-24
25-72

Alcohol use prior to pregnancy (g/day)

40.9 455 48.7
37.6 33.6 36.0
1.4 11.4 11.6
5.8 5.2 1.6
Alcohol use during pregnancy (g/day)
51.8 57.4 63.2
42.8 39.2 353
3.7 2.2 1.0
0.7 0.7 0.0
% stillborn

0.6

0.6

0.4

1.0
0.8 (0.7-0.9)
0.9 (0.7-1.1)
0.7 (0.5-1.0)

1.0
0.8 (0.7-0.9)
0.5 (0.3-0.8)
0.7 (0.2-1.8)

RR (95% Cl)
1.0

1.0 (0.5-1.9)

0.7 (0.2-2.1)

White women only. Study
unadjusted for potential
confounders

Reported as a representative sam-
ple, but authors do not state
how sample was taken.
Response rates were 74% for
live births and 69% for still-
births. Weighted % reported to
correct for oversampling of low
birthweight and black infants.
However, not adjusted for
confounders in this analysis

Questions about alcohol consump-
tion validated against other
methods. Odds ratio adjusted
for maternal smoking, caffeine,
age, pre-pregnancy body mass
index, marital and occupational
status, education, parity and sex
of child. No interaction or effect
modification with smoking

‘Before’ and ‘during’ pregnancy
not defined. Response rate
78%, further 22% excluded
because of incomplete tele-
phone interviews. Differential
response rate not mentioned.
Only 39% of cases included in
analysis because of exclusion of
multiple births and women with
serious medical conditions. No
adjustment for confounders
in this analysis. Potential for
recall bias

Not adjusted for confounders in
this analysis. Adjustment only
carried out on regrouped
drinking variable

AP, antepartum; IP, intrapartum; PN, postnatal.
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Three studies found that low—moderate levels of alcohol
consumption appeared to be mildly protective against
[UGR.!820.22 However, one study adjusted for previous low
birthweight,'® which may represent overadjustment if the
previous baby was also exposed to alcohol in utero.

Birthweight

There were 19 studies that examined the association between
alcohol consumption and birthweight (mainly low birth-
weight) (Table S3). All were cohort studies, ranging in size
from 412% to 40 445.!8 Birthweight and alcohol consumption
are both strongly associated with cigarette smoking, making
this a potential confounding factor. Six studies did not adjust
for this factor in their analyses investigating the association with
low—moderate alcohol consumption,'”?-%0 although some
did in other analyses. Another important variable in this context
is ethnicity as both birthweight and alcohol consumption are
associated with this. Of the 12 studies that carried out some
adjustment, only 3 either adjusted for ethnicity'®?*?! or
included only white women or only black women.?>!

There were few statistically significant results. One study
reported a significant increase in the risk of low birthweight
with the consumption of <2.4 g of alcohol per day (adjusted
RR 3.20, 95% CI 1.87-5.46).2° However, at 2.4-6.0 g/day,
compared with abstinence, the RR was lower at 1.36 (95%
CI 0.48-3.88). Other studies reported a possible protective
effect of light drinking; mean birthweight was slightly higher,
for example, an odds ratio for low birthweight of 0.79 (95%
CI 0.70-0.90) associated with consuming 12-24 g/week;'8
other studies reported similar findings.?!-¥>-3¢

Preterm birth

There were 16 studies meeting the inclusion criteria that con-
sidered preterm birth as an outcome (Table S4). Of these, two
were case—control studies,*”* which suffered from possible
lack of blinding to case/control status, potential for recall bias
and one¥ that failed to control for potential confounders.

Of the 14 cohort studies, half were based on very large data
sets, ranging in size from 8469% to 40 892 and*’ the other
half on a smaller scale, ranging from 952%7 to 4111.#! Half of
the articles estimated gestational age from the date of last
menstrual period and/or by ultrasound. However, two articles
used the Dubowitz examination, which is based on specific
physiological and neurological characteristics of the neo-
nate;?”¥ in three studies, it is implied that gestational age
was from the birth registration form or from the hospital
records,!”1842 and two studies did not state how gestational
age was estimated.>**?

Adjustment for confounding was carried out in nine
studies,8:20:233439.4043-45 3lthough in some of these studies,
the adjustment was performed in other analyses in which
alcohol consumption was more broadly grouped or when
examining other associations. A further two studies did not

control for socio-economic status (through social class, edu-
cation or occupation).”®** However, some studies may have
overadjusted, controlling for previous low birthweight or
preterm birth or miscarriage, which may themselves have
been associated with alcohol consumption during a previous
pregnancy.

Despite the different methods and limitations of these
studies, all except one study found either no effect or a reduc-
tion in risk of prematurity with the consumption of up to 72 g
of alcohol per week. The exception was a US study based on
two health maintenance organisations and 11 private prac-
tices.?’ They found RR of 2.11 and 2.15 in women consuming
<2.4 and 2.4-6.0 g/day, respectively, at 7 months of gestation.
However, they did not control for socio-economic status.

Three studies found a significant protective effect of low
alcohol consumption.!34245 This occurred at up to 24 g/week.

Malformations
There were six studies that examined the association between
low—moderate levels of alcohol consumption and incidence of
malformations, including fetal alcohol effects, in the baby
(Table 3)13-142647-49 Four studies analysed total malforma-
tions,!7204648 two included major malformations'>*® and
two examined anomalies related to fetal alcohol effects.*>*
Major malformation was undefined in one study' and
defined in the another study*® as causing functional impair-
ment or requiring surgical correction. Only two studies
adjusted for potential confounders in the relevant analy-
ses, 248 the latter may have overadjusted by including previ-
ous malformed infant or miscarriages that may have been
associated with alcohol exposure. Exposure to alcohol was
assessed by interview or questionnaire antenatally in all but
one study.'” In four studies, the neonatal assessment was
blinded to alcohol consumption.**° In the other studies, it
was either not stated or data were from routine statistics.?®
Only one of the studies!?® reported a significant association
between low—moderate levels of alcohol consumption and
malformations. However, that study included white women
only and was unadjusted for potential confounders.

Discussion

In summary, from the existing evidence, it is difficult to deter-
mine whether there was any adverse effect on pregnancy out-
come associated with low—moderate levels of prenatal alcohol
consumption. Although there was no consistent evidence of
adverse effect, this does not mean that it is safe for women to
drink at these levels during pregnancy; the existing evidence is
inconclusive.

Small amounts of alcohol appeared to have a mildly pro-
tective effect for several of the outcomes, including stillbirth,
IUGR and birthweight, i.e. babies of women who abstained
had poorer outcomes than babies of women who drank small
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Table 3. Malformations

Period and
numbers recruited

First author,
year of publication,
country, study type

Measures of
alcohol exposure
and outcome

Results

Comments

Davis, 1982,'3 UK,
cohort study

1980, 973 women, 6
malformations

Ernhart, 1989,%7
USA, cohort study

3-year period (not
stated when),
239-873 women
depending on
measure

Lumley, 1985,%° 1981-82, 10 319

Australia, women

cohort study

Marbury, 1983,
USA, cohort study

About 1982, 12 440
women

Questionnaire at
booking visit,
outcomes from
hospital notes

Alcohol exposure
estimated three
ways: in pregnancy
by interview
relating to 2 weeks
preceding each AN
visit, retrospective
by interview 5
years later about
the index
pregnancy and
embryonic
equation derived
from separate
sample to estimate
exposure before
woman knew she
was pregnant.
Outcomes from
neonatal
examination

Alcohol consumption
estimated in early
pregnancy
(method not
stated), outcome
data from the
Tasmanian
perinatal statistics

Postpartum
interview,
outcomes from
medical records

9/24 hours % major malformations
0 0
1-8 0.6
Chi square P < 0.01
Mean anomalies tally
g/day In pregnancy Retrospective Embryonic
0 2.5 2.7 2.2
1-2.4 2.6 2.8 24
2.5-6 2.6 2.8 2.5
Mean anomalies tally
g/day In pregnancy In pregnancy In pregnancy
0 1.9 1.8 1.6
1-2.4 1.9 2.1 1.8
2.5-6 2.0 1.9 1.9
Multiple one-tailed t tests: all nonsignificant
g/week % malformed (95% Cl)
0 2.3(1.8-2.7)
1-24 2.5(2.1-2.9)
25-72 2.7 (1.3-4.1)

g/week

1-24
25-72

Major maformations, Minor maformations,
%, RR (95% Cl) %, RR (95% Cl)
2.6, 1.0 6.1, 1.0
3.0, 1.1 (0.8-1.5) 6.3, 1.0 (0.8-1.3)
3.3,1.3(0.8-1.9) 4.9,08(0.6-1.1)

White women only. Study

unadjusted for potential
confounders. Major
malformations undefined

Disadvantaged population,

oversampled women screening
positive for alcoholism.
Neonatal examination blind to
exposure to alcohol in
pregnancy. Retrospective data
at 5 years unlikely to be
accurate, potential for recall
bias. Matched or adjusted for
parity, smoking, race, date of
recruitment, drug abuse, pre-
pregnancy weight and weeks of
gestation at registration.
Multiple outcomes investigated
and multiple testing performed

Study based on all Tasmanian

births from 1981-82. However,
only 69% data on alcohol
consumption. Nonrespondents
similar in terms of parity and
SES but significantly lower
birthweight. No adjustment for
confounders in this analysis.
Difference between abstainers
and light drinkers not seen
consistently within parity or SES

% malformed unadjusted in this

analysis. Adjustment only
carried out on regrouped
drinking variable. Potential for
recall bias

(continued)
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Table 3. (Continued)

Period and
numbers recruited

First author,
year of publication,
country, study type

Measures of
alcohol exposure
and outcome

Results

Comments

Mills, 1987,48 USA, 1974-77, 32 870
cohort study women

Olsen, 1995,49 1988-89, 323
Denmark, cohort women
study

Questionnaire
relating to first
trimesters;
outcomes from
discharge
diagnoses, notes
and autopsy
reports, blind to
alcohol exposure

Questionnaire at First
antenatal visit and
interview
subsequently,
outcomes
measured from
photos at birth and
18 months after
birth

g/week Rate (%)
0 7.8
<12 7.7
g/week Palpebral fissure

(standardised units)

0 20.8
1-48 223
0 224
1-48 223
0 21.6
1-48 22.5

All malformations,
adjusted OR
(95% Cl)

1.0
1.0 (0.9-1.0)

Nose, upper lip
(standardised units)

Before pregnancy

33
3.1
First trimester
3.0
3.0

First and second trimester

3.0
3.1

Rate

1.6
1.8

Major
malformations,
adjusted OR
(95% Cl)
1.0
1.2 (1.0-1.4)

Root of nose

(standardised units)

0.38
0.41

0.39
0.42

0.41
0.41

Adjusted for maternal age, race,
education, parity, previous
malformed infant or
miscarriage, smoking, diabetes
mellitus and exposure to
radiation. May be overadjusted

Oversampled women who
consumed 5+ drinks per week.
Measurement from photos blind
to alcohol exposure during
pregnancy, but correlation
between observers inconsistent.
The data in previous column
relate to newborns. A similar
pattern was observed at 18
months. However, features
associated with FAS may not
become apparent until 2 years.
Unadjusted for confounders in
this analysis

AN, antenatal; SES, socio-economic status.
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amounts of alcohol during pregnancy. One possible explana-
tion for this may be the ‘healthy drinker effect’ in which women
with a poor obstetric history were more likely to abstain
from drinking alcohol.®® It may also be that low-moderate
drinking during pregnancy is genuinely beneficial, but further
research is required to test this hypothesis rigorously.

For pragmatic reasons, searches were limited to English
language studies in the four bibliographic databases Medline,
Embase, PsychInfo and Cinahl. We did not attempt to access
the ‘grey’ literature nor did we request further data from the
authors. We scanned 3630 titles that were systematically
narrowed down to 46 publications. Very few of the retrieved
articles specifically addressed low—moderate levels of alcohol
consumption. Most of the articles made comparisons across
a number of different levels of consumption. Therefore, in
many cases, we had to calculate effect estimates from sum-
mary statistics provided.

The systematic review may have been affected by publica-
tion bias in which studies with positive results are both more
likely to be submitted and more likely to be accepted for
publication. However, given that many clinicians have been
sceptical about the effects of alcohol on the fetus, it is also
plausible that studies finding a negative effect could have been
more likely to be published.

The quality of the included studies was assessed using the
Newcastle—Ottawa Quality Assessment Scales. This scale has
been used in other Cochrane reviews of nonrandomised stud-
ies such as the use of antiepileptic drugs during pregnancy.’!
Generally, the studies included in this review scored quite
highly. However, this was not a true reflection of the quality
of many of the studies that had problems specific to carrying
out research in the area of prenatal alcohol exposure and that
were not covered in the general quality assessment scale, for
example, a common problem related to the timing of the
questions about alcohol consumption. Women were fre-
quently asked after delivery how much they drank during
pregnancy, when the outcome was already apparent. The
potential for recall bias is clear. The higher quality studies
used validated questionnaires or interviews administered
antenatally to ask about specific time periods both prior to
pregnancy recognition and during pregnancy.

The majority of the included studies were from the USA.
The generalisability of these results to other countries may be
questionable. Differences in drinking patterns, the extent to
which women underreport drinking during pregnancy and
ascertainment of outcomes may all differ between the USA
and other countries.

In attempting to be as broad as possible in our inclusion
criteria, studies were included if they had at least two catego-
ries of consumption within the 12 g/day limit. The majority of
these articles also reported outcomes for higher consumption.
When studies did report outcomes within these low—moderate
categories of consumption, it was often as a first step in the

analysis. At this point, they were often unadjusted for potential
confounders. Therefore, although appropriate adjustment for
potential confounders was made, in many cases, this could not
be related to the low—moderate comparisons.

Residual confounding may have been a problem in many
studies because of inaccuracy in measuring confounders such
as cigarette smoking and the effect of socio-economic status
or by not adjusting for other important confounders.

Although we are not aware of any other systematic reviews
or meta-analyses of the effects of low—moderate levels of alco-
hol consumption on pregnancy outcome, we identified two
meta-analyses that studied a range of moderate consumption,
the upper range of which was much higher than we consid-
ered, which we consider may be relevant.

Polygenis et al.5? conducted a meta-analysis of moderate
alcohol consumption during pregnancy and the incidence of
fetal malformations. Moderate consumption was defined as
the range of 24-168 g/week. The meta-analysis included
130 810 pregnancy outcomes and reported a RR for fetal
malformation of 1.01 (95% CI 0.94-1.08). Another meta-
analysis examined the association between moderate alcohol
consumption and miscarriage, stillbirth and premature
birth.>* Definition of ‘moderate consumption” was the same
as by Polygenis et al.>> Odds ratios for miscarriage were 1.35
(95% CI 1.09-1.67), for stillbirth, 0.65 (95% CI 0.46-0.91)
and for premature birth, 0.95 (95% CI 0.79-1.15). However,
the result for stillbirth was considered unstable and inconclu-
sive because of the small number of studies, and significant
heterogeneity existed among the individual odds ratios for
miscarriage. These results are broadly in line with those from
this systematic review, allowing for the higher consumption.
In contrasts with these two studies, we did not attempt to
conduct meta-analyses in this review because of the consider-
able heterogeneity in the methods of the various studies.>

Future research needs to consider the accuracy and validity
of estimates of alcohol consumption. Women tend to under-
report alcohol consumption during pregnancy unless the
information is collected in a careful and sensitive manner.>
More studies concentrating specifically on low—moderate
levels of alcohol consumption would be of benefit and would
allow for more detailed analysis of this area.
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