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ABSTRACT
Objective: To investigate the association of prenatal
alcohol exposure with balance in10-year-old children.
Design: Population-based prospective longitudinal
study.
Setting: Former Avon region of UK (Southwest
England).
Participants: 6915 children from the Avon
Longitudinal Study of Parents and Children who had
a balance assessment at age 10 and had data on
maternal alcohol consumption.
Outcome measures: 3 composite balance scores:
dynamic balance (beam-walking), static balance eyes
open, static balance eyes closed (heel-to-toe balance
on a beam and standing on one leg, eyes open or
closed).
Results: Most mothers (95.5%) consumed no-to-
moderate amounts (3–7 glasses/week) of alcohol
during pregnancy. Higher total-alcohol consumption
was associated with maternal-social advantage,
whereas binge drinking (≥4 units/day) and abstinence
were associated with maternal social disadvantage.
No evidence was found of an adverse effect of
maternal-alcohol consumption on childhood balance.
Higher maternal-alcohol use during pregnancy was
generally associated with better offspring outcomes,
with some specific effects appearing strong (static
balance eyes open and moderate total alcohol exposure
at 18 weeks, adjusted OR 1.23 (95% CI 1.01 to 1.49);
static balance eyes closed and moderate total alcohol
exposure at 18 weeks, adjusted OR 1.25 (95% CI 1.06
to 1.48). Similar results were found for both paternal
and postnatal maternal alcohol exposure. A Mendelian-
randomization approach was used to estimate the
association between maternal genotype and offspring
balance using the non-synonymous variant
rs1229984*A (ADH1B) to proxy for lower maternal
alcohol consumption; no strong associations were
found between this genotype/proxy and offspring
balance.
Conclusions: No evidence was found to indicate that
moderate maternal alcohol consumption in this
population sample had an adverse effect on offspring
balance at age 10. An apparent beneficial effect of
higher total maternal alcohol consumption on
offspring balance appeared likely to reflect residual
confounding.

ARTICLE SUMMARY

Article focus
▪ Alcohol consumption during pregnancy has been

found to have adverse effects on several neurode-
velopmental outcomes. However, previous obser-
vational studies of the effect of prenatal alcohol
exposure on childhood balance ability, an import-
ant neurodevelopmental outcome, have failed to
reach consensus.

▪ This study investigates the association of pre-
natal alcohol exposure with balance in10-year-old
children.

Key messages
▪ No evidence was found of an adverse effect of

low-to-moderate maternal alcohol consumption
on childhood balance. Rather, we found an appar-
ently beneficial effect of prenatal alcohol exposure
on balance at age 10 years.

▪ Analyses using maternal–paternal and timing of
exposure comparisons, and using a Mendelian
randomization approach (in which a genotype was
used as a proxy for maternal alcohol consump-
tion), suggested that these paradoxical findings
were the result of residual confounding due to the
association between higher alcohol use and social
advantage in this population.

▪ It is therefore possible that apparently beneficial
effects of low-to-moderate maternal alcohol con-
sumption during pregnancy on offspring neurobe-
havioural outcomes reported by some other
studies may be similarly non-causal.

Strengths and limitations of this study
▪ Using the Avon Longitudinal Study of Parents and

Children data, we were able to investigate the pos-
sible effects of maternal alcohol use at levels typ-
ically seen in the general population on offspring
balance in a large population-based sample of
children, using prospective measures of both
exposure and outcome and with additional mea-
sures allowing us to address the problem of con-
founding, in a way not previously possible.

▪ Limitations include the low test–retest reliability of
our balance measures, a common problem with
measures of childhood balance.

▪ Even with our relatively large sample size, it is likely
that our genetic analyses were underpowered.
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INTRODUCTION
Balance is an important neurodevelopmental outcome
in children, underpinning many motor skills. Balance
problems in children can be associated with loss of con-
fidence, low self-esteem and anxiety.1 2 Adverse effects of
prenatal alcohol exposure on a variety of offspring neuro-
developmental outcomes have been well documented3–8

and animal models suggest that fetal alcohol exposure
may adversely influence offspring balance.9 Animal
models also suggest adverse effects of paternal alcohol
use on a number of offspring outcomes; however, an
adverse effect of paternal alcohol use on offspring
balance has not been found.10 11 A recent systematic
review found no strong evidence of effects of prenatal
maternal alcohol exposure at levels typically seen in the
general population on offspring balance, but noted
important limitations in the current evidence base
including an absence of large general population-based
prospective studies with adequate measures of both
alcohol exposure and balance outcomes.12

In addition, observational studies of effects of prenatal
maternal behavioural exposures on offspring outcomes
are prone to residual confounding by factors related to
social position, as maternal behaviour is often related to
socioeconomic status (SES). Maternal alcohol use
during pregnancy is patterned by SES: very high use,
‘binge’ drinking and complete abstinence from alcohol
are associated with social disadvantage, while more mod-
erate use is associated with social advantage.13 This,
rather than any direct effect of alcohol consumption,
may explain apparently beneficial associations between
moderate maternal alcohol use during pregnancy and
offspring neurocognitive outcomes.13 14

Different epidemiological approaches can be used to
help identify causal effects of prenatal exposures includ-
ing comparisons of maternal–paternal effects and of
effects associated with different timings of exposure.15–17

Further, ‘Mendelian randomization’, which utilises
genetic variation known to influence levels of the envir-
onmental exposure under examination, can be helpful.
This approach is based on the assumption that since
genotype is not usually associated with SES, it will not be
associated with socially patterned confounding
factors.18 19 Variants in alcohol dehydrogenase (ADH)
genes, particularly ADH1B, have previously shown robust
associations with alcohol consumption.20 Specifically, a
rare non-synonymous variant in ADH1B has been shown
to predispose to lower consumption before and during
pregnancy.21 Maternal ADH1B genotype can therefore
be used as an instrument for maternal alcohol consump-
tion (ie, in place of a self-reported measure of exposure)
in analyses of effects of maternal alcohol use on off-
spring balance utilising the Mendelian randomization
framework.
We used different epidemiological approaches to

investigate the effects of prenatal alcohol exposure on
the balance ability of 10-year-old children in a large
general population sample.

METHODS
Study population
The study group was taken from the Avon Longitudinal
Study of Parents and Children (ALSPAC) (http://www.
bristol.ac.uk/alspac), a birth cohort of children born to
pregnant women who were resident in the former Avon
region of the UK and who were due to give birth
between April 1991 and December 1992 (n=14 541
giving rise to 13 988 live infants at 1 year). Full character-
istics of mothers and children in the ALSPAC cohort
have been described elsewhere.22 23 Participants were
informed in advance of all measures to be taken at the
research clinic. Informed verbal consent was obtained
and recorded at clinic attendance. Ethical approval for
the study was obtained from the ALSPAC Law and Ethics
Committee (IRB 00003312) and the Local Research
Ethics Committees (Southmead, United Bristol
Healthcare Trust, Frenchay and Weston Area Health
Trust). Written consent was obtained for the use of
genetic data (maternal genotype at rs1229984 in ADH1B
as described later).
The sample included all singleton-birth children from

the original ALSPAC cohort who had undergone the
20 min balance assessment at age 10 (excluding children
(n=59) with significant physical disabilities and/or visual
impairment, as identified by a teachers’ questionnaire at
age 7–8 years in the context of an assessment of special
educational needs), and for whom data on mater-
nal alcohol exposure at the time-points under consider-
ation had been collected. Balance test results for up to
6915 children were available for analyses, depending on
the completeness of the alcohol exposure data.

Balance outcome measures
Full details of the balance outcomes considered includ-
ing details of their measurement and validity have been
published elsewhere.24 In brief, at 10 years of age, these
measures included: time to cross a 2 m balance beam,
walking heel-to-toe; heel-to-toe balance on a beam, eyes
open and closed (time balance maintained up to a
maximum of 20 s); and standing on one leg, eyes open
and closed (time balance maintained up to a maximum
of 20 s). All children had two attempts at the beam-
walking test and those who were unable to maintain
their balance for the full 20 s had a second attempt at
the tests of static balance. Composite scores were calcu-
lated as described elsewhere,24 resulting in three
balance outcome measures: dynamic balance (DB);
static balance eyes open (SBEO); and static balance eyes
closed (SBEC). The DB and SBEC scores were both
categorised into quartiles; the SBEO score was dichoto-
mised into maximum score versus < maximum score as
the distribution of this variable was heavily right skewed
with more than half of children achieving the maximum
score. The resulting categorical data were coded such
that the first quartile of DB (n=1961, 29.4%), the
‘maximum score’ of SBEO (n=3751 children, 56%) and
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the fourth quartile of SBEC (n=1618, 24.5%) were all
designated ‘good balance’.

Measures of alcohol exposure
Maternal alcohol consumption at 18 weeks gestation and
at 47 months postnatally was measured using self-report
questionnaires. At 18 weeks gestation, mothers reported
both their current consumption and their consumption
prior to pregnancy. For each time point, the mothers
reported the total number of glasses consumed per
week categorised into none (0 glasses), low (1–2), mod-
erate (3–7) and high (>7) consumption. The question-
naire defined a glass as, “a pub measure of spirits, half a
pint of lager or cider, a wine glass of wine”. At 18 weeks
gestation, the mothers were also asked on how many
days in the previous month they had drunk at least the
equivalent of 4 units of alcohol, in order to examine the
effects of binge drinking (categorised as never, 1–2, 3–4,
5–10, 10+ days and every day, which were recoded into
none, 1–4, 5–10, 10+ days).
Paternal alcohol consumption was also measured by

paternal self-report at 18 weeks gestation of the mother’s
pregnancy. Fathers’ binge drinking was assessed as for
mothers. In addition, the fathers were also asked about
their total alcohol consumption during the first
3 months of pregnancy with response categories of
never, less than 1 glass a week, at least 1 glass a week, at
least 1 or 2 glasses every day, at least 3–9 glasses every
day and at least 10 glasses every day. These categories
were recoded into never, <1/week, 1+/week, 1+/day.

Measures of potential confounders
Potential confounding factors were considered based on
evidence of their variation with maternal alcohol con-
sumption and with offspring-balance outcomes.
Measures of SES were recorded by maternal self-report
questionnaires at approximately 8 weeks gestation. These
were marital status (never married, previous marriage
(widowed/divorced/separated), married); crowding
index (number of people in the household divided by
the number of rooms); home-ownership (mortgaged/
owned, rented/other); maternal occupational social
class, classified in accordance with the British Registrar
General’s Classification (I professional, II intermediate,
III-N skilled non-manual, III-M skilled manual, IV semi-
skilled manual/V unskilled manual); and ethnicity
(white, non-white). Maternal parity (none, 1–2, 3+ previ-
ous children) and self-reported highest level of maternal
education (CSE/vocational, O-levels, A-levels, degree)
were recorded at 18 weeks gestation.
Maternal age was extracted from delivery data (≤20,

21–30, 31–35 and >35 years). The number of cigarettes
smoked per day was recorded by the maternal self-report
questionnaire at 18 weeks gestation. Mothers’ smoking
prepregnancy, during the first 3 months of pregnancy
and at 18 weeks gestation were recorded (no smoking,
1–9, 10–19, 20+/day) along with maternal cannabis use
(none vs any). Maternal caffeine consumption was

recorded by self-report questionnaires at both 8 and
18 weeks gestation. The number of cups of caffeinated
drinks (coffee, tea, cola) consumed per week were
summed and then categorised into none; 1–21; 22–42;
and >42.
Maternal depression was measured at 18 weeks gesta-

tion using the Edinburgh Postnatal Depression Scale,25

and categorised into not depressed (<10) or possible
depression (≥10). Stressful life events during pregnancy
were also measured at 18 weeks gestation giving a
weighted-life-events score categorised into 0–1; 2–4; 5–7;
and 7+.

Genetic data
Maternal DNA was extracted from peripheral blood col-
lected as part of routine care during pregnancy22 as
described previously.26 Single-nucleotide polymorphisms
were genotyped by KBioscience (http://www.
kbioscience.co.uk) using the KASPar chemistry, a com-
petitive allele-specific PCR system using FRET quencher
cassette oligos (http://www.kbioscience.co.uk/genotyping/
genotyping-chemistry.htm). Blind duplicates, plate-
identifying repeat samples and Hardy-Weinberg equilib-
rium tests were used as quality control checks. Maternal
genotype at rs1229984 in ADH1B was available for a subset
of 4335 mothers.21 The rare A allele of this variant has
been found to be associated with lower alcohol consump-
tion and less binge drinking during pregnancy.21

Statistical analyses
Analyses were conducted on a complete-case dataset,
using STATA V.IC10 software. The χ² test was used to
compare our sample with the remaining (untested)
cohort (table A1 web only). Ordered logistic regression
was used to estimate associations between confounding
variables and measures of both maternal and pater-
nal alcohol exposure. Logistic and ordered logistic
regression were used to estimate crude associations
between the confounding variables and the binary
balance outcome, SBEO, and the ordered categorical
balance outcomes, DB and SBEC. Logistic and ordered
logistic regression were also used to estimate both crude
and adjusted associations (adjusting for confounders as
listed in tables A1 and A2 web only) between the mea-
sures of maternal and paternal alcohol exposure and
our balance outcome measures. Results are expressed as
OR of better balance score with 95% CI. Odds ratios
(ORs) from models using maternal alcohol exposures
were compared with those using paternal alcohol
exposures.
For the Mendelian randomization analyses, given the

rarity of the A allele (approximately 2%) and the domin-
ant mode of inheritance, AA and GA genotypes were
combined, and are referred to as ‘A allele carriers’. Data
on ADH1B genotype were available for 4257 of the
white-European women, a total of 216 (5.1%) who had
the dominant rare A allele (2 homozygous, 214
heterozygous).
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Logistic regression was used to confirm that the rare A
allele was associated with lower maternal alcohol con-
sumption in this subset of ALSPAC mothers and to inves-
tigate possible associations between the confounding
variables and genotype. Women of white-European
origin only and their children were included to avoid
population stratification, as the allele frequency of
rs1229984 varies markedly across different populations,27

and patterns of alcohol drinking are culturally depend-
ent.28 Logistic regression analyses were used to estimate
the effect of carrying the A allele at this locus on the
three balance outcomes.

RESULTS
Sample characteristics
The representativeness of the sample and the implica-
tions of this for external validity and the possible intro-
duction of bias have been discussed previously.24 A
comparison of the characteristics of the sample com-
pared with the untested remainder of the cohort is
given in table A1 web only.
Table 1 describes alcohol consumption levels of

women and their partners at each measurement occa-
sion. Of note is the low prevalence of high levels of
maternal alcohol consumption during pregnancy.
Associations between the potential confounders and

the measures of maternal alcohol exposure examined

are given in table A2 web only. In general, higher total
levels of maternal alcohol consumption were associated
with higher SES and higher maternal age, whereas
higher levels of binge drinking were associated with
lower SES and lower maternal age. Non-white ethnicity
was associated with lower levels of total alcohol con-
sumption. Associations between the potential confoun-
ders and the three balance outcome measures are given
in table A3 web only. In general, better static balance
was associated with higher maternal education and
higher social class.

Associations between balance outcomes and maternal
alcohol use
Associations between the three balance outcome measures
and maternal alcohol exposure are given in table 2. No
strong evidence of an adverse effect of alcohol exposure
on any of the outcomes was found. In general, higher total
maternal-alcohol consumption during pregnancy was asso-
ciated with better offspring balance, the strongest effects
being seen in relation to static balance. These beneficial
associations were found for SBEO and moderate total alco-
hol exposure at 18 weeks, adjusted OR 1.23 (1.01 to 1.49)
and SBEC and moderate total alcohol exposure at
18 weeks, adjusted OR 1.25 (1.06 to 1.48). The direction of
association between maternal binge drinking at 18 weeks
and offspring balance outcomes was less consistent and

Table 1 Alcohol consumption levels of women and their partners at each time point

Alcohol exposure time-point Measure Categorisation N (%)

Maternal pre-pregnancy* How often drunk alcohol Never 421 (6.2)

<1 glass/week 2545 (37.6)

≥1 glass/week 3006 (44.5)

≥1 glass/day 788 (11.7)

Maternal at 18 weeks gestation Total number of glasses/week 0 4744 (70.6)

1–2 957 (14.2)

3–7 718 (10.7)

>7 302 (4.5)

Maternal binge drinking (at 18 weeks

gestation)

Number of days in last month when ≥4 glasses

drunk (binge drinking)

0 5709 (84.8)

1–4 778 (11.6)

5–10 116 (1.7)

>10 129 (1.9)

Maternal postnatal (47 months) Total number of glasses/week 0 1756 (28.7)

1–2 1052 (17.2)

3–7 1918 (31.4)

>7 1387 (22.7)

Paternal first 3 months pregnancy How often drunk alcohol Never 189 (3.5)

<1 glass/week 1200 (22.3)

≥1 glass/week 2843 (52.7)

≥1 glass/day 1158 (21.5)

Paternal binge drinking (at 18 weeks

gestation)

Number of days in last month when ≥4 glasses

drunk

0 901 (16.6)

1–4 2029 (37.3)

5–10 1449 (26.6)

>10 1063 (19.5)

*Pre-pregnancy exposure was recorded at 18 weeks gestation.
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Table 2 Associations between measures of alcohol consumption and balance outcomes

Alcohol exposure

Dynamic balance Static balance eyes open Static balance eyes closed

N
Crude OR
(95% CI)

Adjusted OR*
(95% CI) N

Crude OR
(95% CI)

Adjusted OR*
(95% CI) N

Crude OR
(95% CI)

Adjusted OR*
(95% CI)

Maternal pre-pregnancy 4646 4674 4621
Never 237 1 (ref) 1 (ref) 238 1 (ref) 1 (ref) 236 1 (ref) 1 (ref)
<1 glass/week 1692 1.08 (0.85 to 1.39) 1.10 (0.86 to 1.41) 1711 1.03 (0.78 to 1.35) 1.01 (0.76 to 1.33) 1686 1.04 (0.82 to 1.32) 0.99 (0.78 to 1.27)
≥1 glass/week 2165 1.19 (0.93 to 1.51) 1.22 (0.95 to 1.56) 2170 1.10 (0.84 to 1.44) 1.04 (0.79 to 1.37) 2154 1.22 (0.96 to 1.54) 1.13 (0.89 to 1.44)
≥1 glass/day 552 1.07 (0.82 to 1.42) 1.13 (0.85 to 1.50) 555 1.17 (0.86 to 1.59) 1.08 (0.79 to 1.49) 545 1.36 (1.04 to 1.78) 1.23 (0.93 to 1.63)
p Value 0.302 0.164 0.119 0.453 <0.001 0.009

Maternal at 18 weeks 4778 4806 4751
None 3361 1 (ref) 1 (ref) 3379 1 (ref) 1 (ref) 3339 1 (ref) 1 (ref)
Low 714 1.04 (0.90 to 1.20) 1.04 (0.90 to 1.20) 719 0.95 (0.81 to 1.12) 0.94 (0.79 to 1.10) 716 1.13 (0.98 to 1.31) 1.10 (0.95 to 1.27)
Moderate 505 0.98 (0.83 to 1.15) 0.98 (0.83 to 1.15) 507 1.23 (1.01 to 1.47) 1.23 (1.01 to 1.49) 501 1.25 (1.06 to 1.48) 1.25 (1.06 to 1.48)
High 198 1.04 (0.81 to 1.35) 1.07 (0.82 to 1.39) 201 1.05 (0.79 to 1.40) 1.06 (0.79 to 1.43) 195 1.07 (0.83 to 1.39) 1.14 (0.88 to 1.48)
p Value 0.878 0.797 0.165 0.171 0.014 0.009

Maternal binge drinking 4776 4803 4748
None 4106 1 (ref) 1 (ref) 4128 1 (ref) 1 (ref) 4084 1 (ref) 1 (ref)
1–4 days 525 1.12 (0.96 to 1.32) 1.15 (0.97 to 1.35) 5299 0.97 (0.81 to 1.17) 1.02 (0.84 to 1.22) 518 0.95 (0.81 to 1.12) 1.04 (0.88 to 1.22)
5–10 days 75 0.72 (0.49 to 1.06) 0.77 (0.52 to 1.15) 75 1.46 (0.91 to 2.37) 1.58 (0.97 to 2.58) 75 1.06 (0.70 to 1.60) 1.19 (0.78 to 1.81)
>10 days 70 1.30 (0.82 to 2.05) 1.27 (0.80 to 2.00) 71 1.06 (0.66 to 1.71) 1.07 (0.66 to 1.73) 71 1.53 (1.00 to 2.35) 1.67 (1.09 to 2.58)
p Value 0.471 0.348 0.493 0.288 0.297 0.035

Maternal postnatal 4369 4394 4340
None 1187 1 (ref) 1 (ref) 1192 1 (ref) 1 (ref) 1178 1 (ref) 1 (ref)
Low 741 0.93 (0.79 to 1.10) 0.93 (0.78 to 1.10) 746 1.12 (0.93 to 1.34) 1.10 (0.92 to 1.33) 735 1.08 (0.92 to 1.27) 1.03 (0.97 to 1.23)
Moderate 1426 1.07 (0.93 to 1.23) 1.07 (0.93 to 1.24) 1433 1.07 (0.92 to 1.26) 1.04 (0.89 to 1.22) 1417 1.18 (1.03 to 1.36) 1.09 (0.95 to 1.26)
High 1015 1.07 (0.92 to 1.24) 1.07 (0.92 to 1.26) 1023 1.12 (0.94 to 1.32) 1.07 (0.90 to 1.27) 1010 1.31 (1.12 to 1.52) 1.19 (1.02 to 1.39)
p Value 0.182 0.178 0.252 0.576 <0.001 0.028

Paternal first 3 months 3841 3865 3827
Never 119 1 (ref) 1 (ref) 121 1 (ref) 1 (ref) 119 1 (ref) 1 (ref)
<1 glass/week 812 0.86 (0.60 to 1.21) 0.84 (0.59 to 1.20) 816 1.67 (1.13 to 2.45) 1.62 (1.10 to 2.39) 809 1.22 (0.86 to 1.72) 1.12 (0.78 to 1.60)
≥1 glass/week 2086 0.93 (0.67 to 1.31) 0.93 (0.66 to 1.31) 2097 1.65 (1.14 to 2.38) 1.54 (1.06 to 2.25) 2070 1.45 (1.04 to 2.02) 1.29 (0.92 to 1.82)
≥1 glass/day 824 0.97 (0.69 to 1.38) 0.97 (0.68 to 1.38) 831 1.79 (1.22 to 2.63) 1.65 (1.11 to 2.44) 829 1.58 (1.11 to 2.23) 1.36 (0.95 to 1.94)
p Value 0.286 0.286 0.049 0.206 <0.001 0.013

Paternal binge drinking 3958 3983 3942
None 631 1 (ref) 1 (ref) 637 1 (ref) 1 (ref) 629 1 (ref) 1 (ref)
1–4 days 1474 1.10 (0.93 to 1.30) 1.11 (0.94 to 1.31) 1481 1.15 (0.95 to 1.39) 1.15 (0.95 to 1.39) 1460 1.16 (0.98 to 1.38) 1.16 (0.98 to 1.37)
5–10 days 1083 1.11 (0.93 to 1.32) 1.13 (0.94 to 1.34) 1089 1.11 (0.92 to 1.36) 1.09 (0.89 to 1.33) 1082 1.16 (0.98 to 1.39) 1.13 (0.95 to 1.36)
>10 days 770 1.10 (0.91 to 1.33) 1.13 (0.93 to 1.36) 776 1.12 (0.91 to 1.39) 1.10 (0.89 to 1.36) 771 1.21 (1.00 to 1.47) 1.20 (0.99 to 1.46)
p Value 0.394 0.268 0.464 0.676 0.086 0.132

OR for ‘good balance’ by categories of alcohol exposure.
*Adjusted for confounders: marital status, crowding index, home ownership, parity, maternal education, ethnicity, maternal age, maternal social class, smoking, cannabis use, caffeine
consumption, number of maternal life events during pregnancy and maternal depression. Contemporaneous measures of maternal caffeine, cannabis and smoking exposure were used as far as
possible for prenatal alcohol exposure; for postnatal alcohol exposure, maternal caffeine, cannabis and smoking exposure at 18 weeks gestation was used.
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effects were generally weak, though a higher level of binge
drinking was associated with better SBEC in adjusted ana-
lyses, adjusted OR 1.67 (1.09 to 2.58).

Maternal–paternal and timing of exposure comparisons
Table 2 also gives the associations between paternal
alcohol consumption during pregnancy and the balance
outcomes and between maternal consumption after
pregnancy and these balance outcome measures. In
general, higher consumption is associated with better
offspring balance though most associations are weak and
imprecisely estimated. Maternal total alcohol consump-
tion both before and after pregnancy and paternal
total alcohol consumption at 18 weeks are all relatively
strongly associated with better offspring SBEC. In add-
ition, strong associations were found between pater-
nal alcohol consumption in the first 3 months of
pregnancy and better SBEO.

Mendelian randomization analyses
The maternal rs1229984*A allele (ADH1B) was con-
firmed to be associated with lower levels of alcohol con-
sumption in women before, during and after pregnancy,
but not with paternal alcohol consumption (table 3), or
with any of the confounding variables. There was no evi-
dence that mothers genetically predisposed to lower
alcohol consumption because of their ADH1B genotype
(A allele carriers) had offspring with poorer balance
outcomes (table 4). All balance outcomes were better
among offspring of mothers carrying the A allele (who
would have been predisposed to lower alcohol consump-
tion). However, this difference was small and very impre-
cisely estimated.

DISCUSSION
Self-reported higher total maternal alcohol use during
pregnancy was generally associated with better offspring
balance outcomes with some of these apparent effects
being strong. A similar pattern of association was seen
for maternal alcohol use before and after pregnancy
and for paternal alcohol use during the mother’s preg-
nancy. Maternal binge drinking during pregnancy
showed a less consistent association with balance out-
comes. Both paternal and maternal total alcohol use at
any time point were higher among parents who were
socially advantaged, although this association was not
seen with maternal binge drinking. Statistical adjustment
for a range of potential confounding factors including
measures of social position generally made little differ-
ence to these estimates. Mothers whose genotype would
have predisposed them to lower alcohol use at any time
point had offspring with better balance outcomes
though this apparent benefit was both small and very
imprecisely estimated. Taken together, these results do
not provide strong evidence of a specific effect (either
adverse or beneficial) of maternal alcohol use during
pregnancy. The beneficial effects apparent in several
analyses, although theoretically plausible,29 were likely to
have been the product of residual confounding.

Comparison with existing evidence
We are aware of no comparable evidence of effects of
prenatal alcohol exposure on balance outcomes in
school-age children. Our results are broadly consistent
with those of most relevant studies in preschool children
which have not found strong evidence of adverse
effects.30–32 One previous longitudinal study reported

Table 3 Associations between alcohol exposure and ADH1B rs1229984

Alcohol-exposure measure Total N

N of A allele

carriers OR (95% CI) p Value

Total maternal alcohol consumption, prepregnancy 4181 211 0.61 (0.47 to 0.79) <0.001

Total maternal alcohol consumption at 18 weeks gestation 4171 210 0.66 (0.48 to 0.90) 0.010

Maternal binge drinking (at 18 weeks) 4169 209 0.60 (0.38 to 0.96) 0.031

Total maternal alcohol consumption at 47 months postnatally 3824 192 0.67 (0.52 to 0.87) 0.003

Total paternal alcohol consumption in first 3 months pregnancy 3407 171 1.03 (0.77 to 1.37) 0.854

Paternal binge drinking 3446 172 0.94 (0.71 to 1.24) 0.663

OR for higher alcohol consumption for white-European women (or for their partners in the paternal analyses)—A allele carriers versus
non-carriers.
ADH, alcohol dehydrogenase.

Table 4 Associations between ADH1B rs1229984 and balance outcome measures, in subjects with white-European

ethnicity

Balance outcome measure Total N N of A allele carriers OR (95% CI) p Value

Dynamic balance, age 10 4132 212 1.04 (0.81 to 1.33) 0.752

SBEO 4148 213 1.12 (0.85 to 1.48) 0.425

SBEC 4090 209 1.16 (0.91 to 1.49) 0.229

OR for ‘good balance’ comparing A allele carriers to non-carriers.
ADH, alcohol dehydrogenase; SBEC, static balance eyes closed; SBEO, static balance eyes open.
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adverse effects of maternal alcohol consumption prior
to recognition of pregnancy on offspring balance at
age 4. However, this study over-sampled heavy drinkers
and was limited in its ability to adjust for confounding.33

Some previous studies have found stronger evidence for
adverse effects of low-to-moderate levels of maternal
alcohol consumption during pregnancy and other neu-
robehavioural outcomes.34 35 Conversely, other studies
have suggested beneficial effects of such levels of mater-
nal alcohol consumption on offspring neurocogni-
tive13 14 and behavioural outcomes.29 Ostensibly,
plausible biological mechanisms for these latter paradox-
ical benefits notwithstanding, our evidence suggests that
they may in fact be non-causal and due to residual con-
founding. We also cannot exclude the possibility that
residual confounding in our observational analyses may
have masked a true adverse effect of maternal alcohol
use. The unconfounded estimates we obtained using the
‘Mendelian randomization’ approach were compatible
with an effect of lower maternal alcohol leading to
better balance outcomes. However, if such an effect does
exist, it appears to be small and in our analyses the prob-
ability of this finding arising by chance was high. We
think the appropriate interpretation of our analyses is
that they provide no strong evidence of an effect, either
beneficial or detrimental, of moderate maternal alcohol
use during pregnancy on offspring balance.

Strengths and limitations
Our main strengths were our ability to investigate the pos-
sible effects of maternal alcohol use at levels typically
seen in the general population on offspring balance in a
large population-based sample of children, using pro-
spective measures of both exposure and outcome and
with additional measures allowing us to address the
problem of confounding, in a way not previously possible.
The availability of paternally reported measures of pater-
nal alcohol use is another strength, as many studies rely
on maternal reports of paternal alcohol consumption.
Our study also had limitations. Our balance measures

had low test–retest reliability,24 a common problem with
measures of childhood balance.36–38 This may have led
to random misclassification in our balance assessments
and dilution of our estimates of effects of maternal alco-
hol use. Maternal alcohol use was self-reported which
may have led to the introduction of bias. Since outcome
measurement was independent of maternal self-report it
is again likely that such bias would have led to dilution
of apparent effects. Even with our relatively large sample
size it is likely that our genetic analyses were underpow-
ered. Absolute per allele differences in alcohol con-
sumption would be small. Moreover, the approach
depends on the ‘intention to treat’ principle.18 Larger
sample sizes or meta-analysis of the results of several
studies with relevant data may be required to answer this
question. Rather than residual confounding, it is pos-
sible that apparently beneficial effects of alcohol con-
sumption on some balance outcomes could have

reflected chance findings arising from multiple compari-
sons. Had this been the case, however, we would have
expected to see a mixture of beneficial and adverse
effects which was not what we observed. Residual con-
founding appears an unlikely explanation for the associ-
ation seen in the fully adjusted analysis between
maternal binge drinking at 18 weeks and better static bal-
ance outcomes since maternal binge drinking was not
associated with social advantage. Given the overall
pattern of associations found, in particular, the lack of
any consistent association between binge drinking and
better balance and the results of the Mendelian random-
ization approach, we think a causal explanation for this
finding is unlikely and suggest that it was probably due
to chance.
There are issues of generalisability. The sample of chil-

dren who underwent balance tests at age 10 were found
to be socially advantaged compared with the remainder
of the cohort (table A1 web only).24 This may have led
to an under-representation of children exposed to more
extreme patterns of alcohol use and thus have limited
our opportunity to examine effects of these, although it
is unlikely to have introduced important bias into the
associations we describe. Selection bias due to missing
data is also unlikely to affect the genetic analyses.39 We
examined effects of alcohol use patterns seen in women
who were pregnant in the early 1990s. There is evidence
that in UK women generally, both total alcohol con-
sumption and levels of binge drinking have increased
since the 1990s.40

CONCLUSIONS
We found no strong evidence for adverse effects of
typical general population levels of maternal alcohol use
during pregnancy on balance outcomes in school-age
offspring. Results from analyses using the principle of
‘Mendelian randomization’ were compatible with such
effects, but were underpowered. Paradoxical ‘beneficial’
effects found in some analyses were most likely a reflec-
tion of residual confounding by factors related to social
position. Apparently beneficial effects of low-to-
moderate maternal alcohol consumption during preg-
nancy on offspring-neurobehavioural outcomes reported
in some other studies may be similarly non-causal.
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