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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-tomoderate 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 Mendelianrandomization 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.
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ARTICLE SUMMARY
Article focus
▪ Alcohol consumption during pregnancy has been
found to have adverse effects on several neurodevelopmental outcomes. However, previous observational studies of the effect of prenatal alcohol
exposure on childhood balance ability, an important neurodevelopmental outcome, have failed to
reach consensus.
▪ This study investigates the association of prenatal 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 apparently 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 consumption), 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 consumption during pregnancy on offspring neurobehavioural 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 possible 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 prospective measures of both
exposure and outcome and with additional measures allowing us to address the problem of confounding, 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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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 characteristics 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 maternal alcohol exposure at the time-points under consideration 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 including 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 beamwalking 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 calculated 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 dichotomised 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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INTRODUCTION
Balance is an important neurodevelopmental outcome
in children, underpinning many motor skills. Balance
problems in children can be associated with loss of conﬁdence, low self-esteem and anxiety.1 2 Adverse effects of
prenatal alcohol exposure on a variety of offspring neurodevelopmental 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 moderate 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 including 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 environmental 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 consumption (ie, in place of a self-reported measure of exposure)
in analyses of effects of maternal alcohol use on offspring 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.

Prenatal alcohol and childhood 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), moderate (3–7) and high (>7) consumption. The questionnaire 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 consumption 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 semiskilled manual/V unskilled manual); and ethnicity
(white, non-white). Maternal parity (none, 1–2, 3+ previous 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 gestation 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 collected 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 competitive allele-speciﬁc PCR system using FRET quencher
cassette oligos (http://www.kbioscience.co.uk/genotyping/
genotyping-chemistry.htm). Blind duplicates, plateidentifying repeat samples and Hardy-Weinberg equilibrium 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 consumption 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 paternal 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 measures 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 dominant 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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the fourth quartile of SBEC (n=1618, 24.5%) were all
designated ‘good balance’.

Prenatal alcohol and childhood balance

Alcohol exposure time-point

Measure

Categorisation

N (%)

Maternal pre-pregnancy*

How often drunk alcohol

Maternal at 18 weeks gestation

Total number of glasses/week

Maternal binge drinking (at 18 weeks
gestation)

Number of days in last month when ≥4 glasses
drunk (binge drinking)

Never
<1 glass/week
≥1 glass/week
≥1 glass/day
0
1–2
3–7
>7
0

421 (6.2)
2545 (37.6)
3006 (44.5)
788 (11.7)
4744 (70.6)
957 (14.2)
718 (10.7)
302 (4.5)
5709 (84.8)

1–4
5–10
>10
0
1–2
3–7
>7
Never
<1 glass/week
≥1 glass/week
≥1 glass/day
0

778 (11.6)
116 (1.7)
129 (1.9)
1756 (28.7)
1052 (17.2)
1918 (31.4)
1387 (22.7)
189 (3.5)
1200 (22.3)
2843 (52.7)
1158 (21.5)
901 (16.6)

1–4
5–10
>10

2029 (37.3)
1449 (26.6)
1063 (19.5)

Maternal postnatal (47 months)

Total number of glasses/week

Paternal first 3 months pregnancy

How often drunk alcohol

Paternal binge drinking (at 18 weeks
gestation)

Number of days in last month when ≥4 glasses
drunk

*Pre-pregnancy exposure was recorded at 18 weeks gestation.

Logistic regression was used to conﬁrm that the rare A
allele was associated with lower maternal alcohol consumption in this subset of ALSPAC mothers and to investigate 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 dependent.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 implications of this for external validity and the possible introduction of bias have been discussed previously.24 A
comparison of the characteristics of the sample compared 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 occasion. 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
4

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 consumption. Associations between the potential confounders 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 associated with better offspring balance, the strongest effects
being seen in relation to static balance. These beneﬁcial
associations were found for SBEO and moderate total alcohol 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
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Table 1 Alcohol consumption levels of women and their partners at each time point

Maternal pre-pregnancy
Never
<1 glass/week
≥1 glass/week
≥1 glass/day
p Value
Maternal at 18 weeks
None
Low
Moderate
High
p Value
Maternal binge drinking
None
1–4 days
5–10 days
>10 days
p Value
Maternal postnatal
None
Low
Moderate
High
p Value
Paternal first 3 months
Never
<1 glass/week
≥1 glass/week
≥1 glass/day
p Value
Paternal binge drinking
None
1–4 days
5–10 days
>10 days
p Value

4646
237
1692
2165
552
4778
3361
714
505
198
4776
4106
525
75
70
4369
1187
741
1426
1015
3841
119
812
2086
824
3958
631
1474
1083
770

4674
1 (ref)
1 (ref)
238
1 (ref)
1.08 (0.85 to 1.39) 1.10 (0.86 to 1.41) 1711 1.03 (0.78 to
1.19 (0.93 to 1.51) 1.22 (0.95 to 1.56) 2170 1.10 (0.84 to
1.07 (0.82 to 1.42) 1.13 (0.85 to 1.50) 555 1.17 (0.86 to
0.302
0.164
0.119
4806
1 (ref)
1 (ref)
3379
1 (ref)
1.04 (0.90 to 1.20) 1.04 (0.90 to 1.20) 719 0.95 (0.81 to
0.98 (0.83 to 1.15) 0.98 (0.83 to 1.15) 507 1.23 (1.01 to
1.04 (0.81 to 1.35) 1.07 (0.82 to 1.39) 201 1.05 (0.79 to
0.878
0.797
0.165
4803
1 (ref)
1 (ref)
4128
1 (ref)
1.12 (0.96 to 1.32) 1.15 (0.97 to 1.35) 5299 0.97 (0.81 to
0.72 (0.49 to 1.06) 0.77 (0.52 to 1.15)
75 1.46 (0.91 to
1.30 (0.82 to 2.05) 1.27 (0.80 to 2.00)
71 1.06 (0.66 to
0.471
0.348
0.493
4394
1 (ref)
1 (ref)
1192
1 (ref)
0.93 (0.79 to 1.10) 0.93 (0.78 to 1.10) 746 1.12 (0.93 to
1.07 (0.93 to 1.23) 1.07 (0.93 to 1.24) 1433 1.07 (0.92 to
1.07 (0.92 to 1.24) 1.07 (0.92 to 1.26) 1023 1.12 (0.94 to
0.182
0.178
0.252
3865
1 (ref)
1 (ref)
121
1 (ref)
0.86 (0.60 to 1.21) 0.84 (0.59 to 1.20) 816 1.67 (1.13 to
0.93 (0.67 to 1.31) 0.93 (0.66 to 1.31) 2097 1.65 (1.14 to
0.97 (0.69 to 1.38) 0.97 (0.68 to 1.38) 831 1.79 (1.22 to
0.286
0.286
0.049
3983
1 (ref)
1 (ref)
637
1 (ref)
1.10 (0.93 to 1.30) 1.11 (0.94 to 1.31) 1481 1.15 (0.95 to
1.11 (0.93 to 1.32) 1.13 (0.94 to 1.34) 1089 1.11 (0.92 to
1.10 (0.91 to 1.33) 1.13 (0.93 to 1.36) 776 1.12 (0.91 to
0.394
0.268
0.464

Static balance eyes closed
Crude OR
Adjusted OR*
N
(95% CI)
(95% CI)

4621
1 (ref)
236
1 (ref)
1.35) 1.01 (0.76 to 1.33) 1686
1.04 (0.82 to 1.32)
1.44) 1.04 (0.79 to 1.37) 2154
1.22 (0.96 to 1.54)
1.59) 1.08 (0.79 to 1.49) 545
1.36 (1.04 to 1.78)
0.453
<0.001
4751
1 (ref)
3339
1 (ref)
1.12) 0.94 (0.79 to 1.10) 716
1.13 (0.98 to 1.31)
1.47) 1.23 (1.01 to 1.49) 501
1.25 (1.06 to 1.48)
1.40) 1.06 (0.79 to 1.43) 195
1.07 (0.83 to 1.39)
0.171
0.014
4748
1 (ref)
4084
1 (ref)
1.17) 1.02 (0.84 to 1.22) 518
0.95 (0.81 to 1.12)
2.37) 1.58 (0.97 to 2.58)
75
1.06 (0.70 to 1.60)
1.71) 1.07 (0.66 to 1.73)
71
1.53 (1.00 to 2.35)
0.288
0.297
4340
1 (ref)
1178
1 (ref)
1.34) 1.10 (0.92 to 1.33) 735
1.08 (0.92 to 1.27)
1.26) 1.04 (0.89 to 1.22) 1417
1.18 (1.03 to 1.36)
1.32) 1.07 (0.90 to 1.27) 1010
1.31 (1.12 to 1.52)
0.576
<0.001
3827
1 (ref)
119
1 (ref)
2.45) 1.62 (1.10 to 2.39) 809
1.22 (0.86 to 1.72)
2.38) 1.54 (1.06 to 2.25) 2070
1.45 (1.04 to 2.02)
2.63) 1.65 (1.11 to 2.44) 829
1.58 (1.11 to 2.23)
0.206
<0.001
3942
1 (ref)
629
1 (ref)
1.39) 1.15 (0.95 to 1.39) 1460
1.16 (0.98 to 1.38)
1.36) 1.09 (0.89 to 1.33) 1082
1.16 (0.98 to 1.39)
1.39) 1.10 (0.89 to 1.36) 771
1.21 (1.00 to 1.47)
0.676
0.086

1 (ref)
0.99 (0.78 to 1.27)
1.13 (0.89 to 1.44)
1.23 (0.93 to 1.63)
0.009
1 (ref)
1.10 (0.95 to 1.27)
1.25 (1.06 to 1.48)
1.14 (0.88 to 1.48)
0.009
1 (ref)
1.04 (0.88 to 1.22)
1.19 (0.78 to 1.81)
1.67 (1.09 to 2.58)
0.035
1 (ref)
1.03 (0.97 to 1.23)
1.09 (0.95 to 1.26)
1.19 (1.02 to 1.39)
0.028
1 (ref)
1.12 (0.78 to 1.60)
1.29 (0.92 to 1.82)
1.36 (0.95 to 1.94)
0.013
1 (ref)
1.16 (0.98 to 1.37)
1.13 (0.95 to 1.36)
1.20 (0.99 to 1.46)
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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Table 2 Associations between measures of alcohol consumption and balance outcomes
Dynamic balance
Static balance eyes open
Crude OR
Adjusted OR*
Crude OR
Adjusted OR*
Alcohol exposure
N
(95% CI)
(95% CI)
N
(95% CI)
(95% CI)
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Alcohol-exposure measure

Total N

N of A allele
carriers

OR (95% CI)

Total maternal alcohol consumption, prepregnancy
Total maternal alcohol consumption at 18 weeks gestation
Maternal binge drinking (at 18 weeks)
Total maternal alcohol consumption at 47 months postnatally
Total paternal alcohol consumption in first 3 months pregnancy
Paternal binge drinking

4181
4171
4169
3824
3407
3446

211
210
209
192
171
172

0.61 (0.47 to
0.66 (0.48 to
0.60 (0.38 to
0.67 (0.52 to
1.03 (0.77 to
0.94 (0.71 to

p Value
0.79) <0.001
0.90)
0.010
0.96)
0.031
0.87)
0.003
1.37)
0.854
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.

effects were generally weak, though a higher level of binge
drinking was associated with better SBEC in adjusted analyses, 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 consumption both before and after pregnancy and paternal
total alcohol consumption at 18 weeks are all relatively
strongly associated with better offspring SBEC. In addition, strong associations were found between paternal alcohol consumption in the ﬁrst 3 months of
pregnancy and better SBEO.
Mendelian randomization analyses
The maternal rs1229984*A allele (ADH1B) was conﬁrmed to be associated with lower levels of alcohol consumption 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 evidence 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 consumption). However, this difference was small and very imprecisely 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 pregnancy. Maternal binge drinking during pregnancy
showed a less consistent association with balance outcomes. 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 difference 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 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
SBEO
SBEC

4132
4148
4090

212
213
209

1.04 (0.81 to 1.33)
1.12 (0.85 to 1.48)
1.16 (0.91 to 1.49)

0.752
0.425
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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Table 3 Associations between alcohol exposure and ADH1B rs1229984

Prenatal alcohol and childhood balance

Strengths and limitations
Our main strengths were our ability to investigate the possible 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 prospective 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 paternal 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 alcohol 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 underpowered. Absolute per allele differences in alcohol consumption 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 possible that apparently beneﬁcial effects of alcohol consumption on some balance outcomes could have

reﬂected chance ﬁndings arising from multiple comparisons. 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 confounding appears an unlikely explanation for the association seen in the fully adjusted analysis between
maternal binge drinking at 18 weeks and better static balance 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 randomization 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 children 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 consumption 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 reﬂection of residual confounding by factors related to social
position. Apparently beneﬁcial effects of low-tomoderate maternal alcohol consumption during pregnancy on offspring-neurobehavioural outcomes reported
in some other studies may be similarly non-causal.
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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 neurobehavioural outcomes.34 35 Conversely, other studies
have suggested beneﬁcial effects of such levels of maternal alcohol consumption on offspring neurocognitive13 14 and behavioural outcomes.29 Ostensibly,
plausible biological mechanisms for these latter paradoxical beneﬁts notwithstanding, our evidence suggests that
they may in fact be non-causal and due to residual confounding. 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 probability 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.
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Table A1
Comparison of the balance sample at age 10 (n=6915) with the remaining ALSPAC
cohort (n=6532) a

Characteristic

Gender
Male
Female
Breast-feeding
Any
None
Admitted to SCBU
Yes
No
Crowding Index b
≤ 0.5
0.5 – 0.75
>0.75
Home ownership
Mortgaged/owned
Rented/other
Parity
No previous children
1 or 2 children
≥ 3 children
Maternal education
CSE/vocational
O levels
A levels
Degree
Ethnicity
White
Non-white
Maternal age
≤20
21-30
31-35
>35
Maternal social class
I
II
IIIN
IIIM
IV + V

Completed
age 10
balance tests
N (%)

Untested
remainder of
cohort
N (%)

3416 (49.4)
3499 (50.6)

3494 (53.5)
3036 (46.5)

Chi2=22.7, p<0.0001

5620 (84.1)
1062 (15.9)

3586 (68.7)
1631 (31.3)

Chi2=395.2, p<0.0001

386 (5.8)
6237 (94.2)

355 (6.9)
4816 (93.1)

Chi2=5.3, p=0.021

3207 (48.3)
2107 (31.7)
1326 (20.0)

1939 (34.1)
1754 (30.8)
1997 (35.1)

Chi2=409.4, p<0.0001

6136 (91.3)
582 (8.7)

4855 (83.4)
969 (16.6)

Chi2=183.1, p<0.0001

3074 (45.9)
3288 (49.1)
329 (4.9)

2466 (42.8)
2845 (49.3)
454 (7.9)

Chi2=50.1, p<0.0001

1475 (22.1)
2358 (35.4)
1774 (26.6)
1056 (15.9)

2110 (39.8)
1780 (33.6)
925 (17.5)
481 (9.1)

Chi2=526.0, p<0.0001

6524 (98.1)
125 (1.9)

5036 (96.4)
187 (3.6)

Chi2=33.0, p<0.0001

231 (3.3)
4194 (60.7)
1917 (27.7)
572 (8.3)

750 (11.5)
4266 (65.3)
1157 (17.7)
357 (5.5)

Chi2=502.3, p<0.0001

401 (7.0)
2006 (34.9)
2421 (42.1)
384 (6.7)
539 (9.4)

172 (4.4)
1046 (26.5)
1734 (43.9)
374 (9.5)
624 (15.8)

Chi2=185.5, p<0.0001

Mother’s partner at home
Yes
6338 (95.8)
5113 (91.3)
No
280 (4.2)
486 (8.7)
Maternal alcohol use (at 18wks gestation)
None
4743 (70.6)
4257 (73.7)
Low
957 (14.2)
596 (10.3)
Medium
718 (10.7)
590 (10.2)
High
302 (4.5)
334 (5.8)
Maternal binge-drinking c
None
5709 (84.8)
4626 (80.5)
1-4 days
777 (11.5)
834 (14.5)
5-10 days
116 (1.7)
136 (2.4)
>10 days
129 (1.9)
148 (2.6)

Chi2=102.2, p<0.0001

Chi2=53.4, p<0.0001

Chi2=40.6, p<0.0001

N.B. Total percentages do not always add up to 100 due to rounding.
a

Totals will not always equal these values due to missing data
Crowding Index = number of people in home divided by the number of rooms
c
Maternal binge-drinking was recorded at 18 weeks gestation; defined as the number of occasions in
the past month when at least 4 glasses of alcohol were consumed.
b

Table A2
Univariable relationships between measures of maternal alcohol consumption and potential confounders
Confounders
Marital status
Never married
Previous
marriage
Married

Pre-pregnancy
N=
OR [95% CI]
4967

18 weeks total
N = 4956
OR [95% CI]

18 weeks binge-drinking
N=
OR [95% CI]
4953

Post-natal
N=
OR [95% CI]
4535

596
212

1 (ref)
1.18 [0.87, 1.59]

596
213

1 (ref)
1.88 [1.36, 2.59]

594
214

1 (ref)
1.34 [0.94, 1.92]

532
194

1 (ref)
1.21 [0.89, 1.63]

4159

0.60 [0.51, 0.71]
<0.001

4147

1.10 [0.91, 1.33]
0.945

4145

0.51 [0.41, 0.63]
<0.001

3809

1.12 [0.95, 1.33]
0.230

2630
1544
793

1 (ref)
0.62 [0.55, 0.70]
0.57 [0.49, 0.67]
<0.001

2620
1538
798

1 (ref)
0.98 [0.86, 1.13]
0.97 [0.82, 1.16]
0.720

2627
1533
793

1 (ref)
1.29 [1.07, 1.55]
1.92 [1.56, 2.37]
<0.001

2441
1385
709

1 (ref)
0.82 [0.73, 0.92]
0.69 [0.59, 0.80]
<0.001

4600
367

1 (ref)
1.21 [0.99, 1.48]
0.068

4590
366

1 (ref)
0.95 [0.75, 1.20]
0.650

4587
366

1 (ref)
1.49 [1.13, 1.96]
0.004

4208
327

1 (ref)
0.94 [0.77, 1.15]
0.544

2445
2354
168

1 (ref)
0.58 [0.52, 0.65]
0.39 [0.29, 0.53]
<0.001

2444
2344
168

1 (ref)
1.20 [1.07, 1.36]
1.16 [0.82, 1.62]
0.006

2447
2339
167

1 (ref)
1.18 [1.00, 1.39]
1.36 [0.89, 2.07]
0.025

2272
2113
150

1 (ref)
1.13 [1.02, 1.26]
0.67 [0.49, 0.91]
0.516

903
1783
1428
853

1 (ref)
1.33 [1.14, 1.55]
1.75 [1.49, 2.05]
2.99 [2.50, 3.59]
<0.001

896
1785
1415
860

1 (ref)
1.00 [0.83, 1.20]
1.18 [0.99, 1.42]
1.37 [1.12, 1.67]
<0.001

892
1784
1418
859

1 (ref)
0.75 [0.61, 0.93]
0.62 [0.49, 0.77]
0.39 [0.29, 0.53]
<0.001

780
1621
1325
809

1 (ref)
1.26 [1.08, 1.48]
1.92 [1.63, 2.26]
2.81 [2.35, 3.37]
<0.001

4897
70

1 (ref)
0.37 [0.24, 0.61]

4885
71

1 (ref)
0.52 [0.28, 0.94]

4883
70

1 (ref)
1.06 [0.54, 2.08]

4473
62

1 (ref)
0.52 [0.32, 0.83]

P
Crowding Index
≤ 0.5
0.5 – 0.75
>0.75
P
Home ownership
Mortgaged/owned
Rented/other
P
Parity
No previous children
1 or 2 children
≥ 3 children
P
Maternal education
CSE/vocational
O levels
A levels
Degree
P
Ethnicity
White
Non-white

P
Maternal age
≤20
21-30
31-35
>35
P
Maternal social class
I
II
IIIN
IIIM
IV + V
P
Smoking
No smoking
1-9/day
10-19/day
≥20/day
P
Cannabis
none
any
P
Caffeine drinks
none
1-21 cups/wk
22-42 cups/wk
>42 cups/wk
P
No. maternal life
events
0-1
2-4
5-7
≥8

<0.001

0.032

0.870

0.006

102
3037
1409
419

0.31 [0.90, 1.90]
1 (ref)
1.57 [1.39, 1.77]
1.87 [1.53, 2.27]
<0.001

105
3034
1398
419

0.76 [0.47, 1.22]
1 (ref)
1.52 [1.33, 1.74]
1.74 [1.41, 2.14]
<0.001

104
3032
1398
419

1.90 [1.19, 3.02]
1 (ref)
1.08 [0.90, 1.30]
1.29 [0.98, 1.70]
0.090

83
2769
1303
380

0.58 [0.39, 0.88]
1 (ref)
1.67 [1.47, 1.87]
1.59 [1.31, 1.94]
<0.001

346
1745
2108
313
455

1.73 [1.39, 2.15]
1 (ref)
0.70 [0.62, 0.78]
0.59 [0.47, 0.75]
0.47 [0.38, 0.57]
<0.001

351
1735
2103
314
453

1.15 [0.92, 1.46]
1 (ref)
0.80 [0.70, 0.91]
0.82 [0.63, 1.06]
0.71 [0.56, 0.90]
<0.001

351
1737
2098
314
453

0.75 [0.51, 1.10]
1 (ref)
1.18 [0.98, 1.42]
1.38 [0.99, 1.92]
1.75 [1.34, 2.29]
<0.001

331
1616
1908
276
404

1.69 [1.37, 2.10]
1 (ref)
0.69 [0.61, 0.78]
0.51 [0.40, 0.64]
0.44 [0.36, 0.54]
<0.001

3817
365
489
296

1 (ref)
1.94 [1.58, 2.38]
1.16 [0.97, 1.39]
1.77 [1.40, 2.23]
<0.001

4362
309
224
61

1 (ref)
1.36 [1.10, 1.73]
1.20 [0.89, 1.60]
1.57 [0.92, 2.67]
0.007

4355
309
226
63

1 (ref)
2.60 [1.98, 3.40]
3.57 [2.67, 4.77]
6.79 [4.23, 10.89]
<0.001

4001
282
196
56

1 (ref)
0.92 [0.74, 1.15]
0.80 [0.61, 1.05]
1.29 [0.79, 2.10]
0.400

4802
165

1 (ref)
3.19 [2.37, 4.29]
<0.001

4897
59

1 (ref)
1.39 [0.80, 2.42]
0.247

4894
59

1 (ref)
4.36 [2.59, 7.35]
<0.001

4487
48

1 (ref)
3.21 [1.88, 5.50]
<0.001

N/A

N/A

367
1465
2260
864

1 (ref)
1.75 [1.30, 2.34]
2.22 [1.67, 3.00]
2.13 [1.57, 2.90]
<0.001

367
1461
2257
868

1 (ref)
1.00 [0.68, 1.46]
1.64 [1.14, 2.35]
2.29 [1.57, 3.36]
<0.001

329
1335
2090
781

1 (ref)
1.19 [0.96, 1.48]
1.32 [1.07, 1.63]
1.10 [0.87, 1.39]
0.394

658
1221
998
2090

1 (ref)
0.96 [0.81, 1.15]
1.04 [0.87, 1.25]
1.19 [1.01, 1.40]

652
1222
998
2084

1 (ref)
1.02 [0.83, 1.25]
1.00 [0.81, 1.24]
1.12 [0.93, 1.35]

649
1219
999
2086

1 (ref)
0.92 [0.68, 1.23]
1.09 [0.81, 1.47]
1.51 [1.16, 1.97]

593
1129
912
1901

1 (ref)
0.98 [0.82, 1.17]
1.11 [0.92, 1.34]
1.22 [1.03, 1.44]

P
Depression
Not depressed
Possible depression

0.002
3846
1121

0.142

<0.001

0.001

1 (ref)
3840
1 (ref)
3840
1 (ref)
3540
1 (ref)
0.95 [0.83, 1.07]
1116
0.96 [0.83, 1.11]
1113
1.58 [1.33, 1.89]
995
0.90 [0.79, 1.02]
P
0.389
0.544
<0.001
0.100
NB. (OR for higher levels of alcohol consumption by confounder category); all P values are for the test for trend across categories. Measures of confounding variables used
were as contemporaneous to the alcohol exposure time as possible.
N/A = not available

Table A3
Univariable relationships between measures potential confounders and the balance outcome measures
Confounders
Marital status
Never married
Previous
marriage
Married

Dynamic balance
N = 4791
OR [95% CI]

SBEO
N = 4819

OR [95% CI]

SBEC
N = 4764

OR [95% CI]

572
207

1 (ref)
0.89 [0.67, 1.18]

578
208

1 (ref)
1.00 [0.73, 1.38]

573
205

1 (ref)
0.80 [0.60, 1.06]

4012

1.05 [0.90, 1.23]
0.361

4033

0.94 [0.79, 1.12]
0.444

3986

1.09 [0.93, 1.28]
0.107

2536
1485
770

1 (ref)
0.92 [0.82, 1.03]
0.93 [0.81, 1.08]
0.197

2552
1492
775

1 (ref)
0.87 [0.76, 0.99]
0.85 [0.72, 1.00]
0.016

2524
1473
767

1 (ref)
0.91 [0.81, 1.02]
0.82 [0.71, 0.95]
0.005

4438
353

1 (ref)
1.01 [0.82, 1.23]
0.913

4463
356

1 (ref)
0.82 [0.66, 1.01]
0.066

4415
349

1 (ref)
0.89 [0.73, 1.09]
0.255

2353
2274
164

1 (ref)
1.10 [0.99, 1.22]
0.93 [0.71, 1.23]
0.258

2372
2281
166

1 (ref)
0.93 [0.83, 1.05]
0.88 [0.64, 1.21]
0.195

2341
2259
164

1 (ref)
0.98 [0.88, 1.09]
0.82 [0.62, 1.10]
0.334

863
1730
1366
832

1 (ref)
0.96 [0.83, 1.11]
1.05 [0.90, 1.23]
1.03 [0.87, 1.22]
0.380

870
1738
1374
837

1 (ref)
1.07 [0.91, 1.26]
1.04 [0.87, 1.23]
1.34 [1.10, 1.61]
0.014

861
1714
1358
831

1 (ref)
1.14 [0.99, 1.32]
1.32 [1.13, 1.53]
1.64 [1.38, 1.94]
<0.001

4725
66

1 (ref)
1.20 [0.77, 1.87]

4753
66

1 (ref)
1.28 [0.77, 2.10]

4698
66

1 (ref)
1.25 [0.79, 1.96]

P
Crowding Index
≤ 0.5
0.5 – 0.75
>0.75
P
Home ownership
Mortgaged/owned
Rented/other
P
Parity
No previous children
1 or 2 children
≥ 3 children
P
Maternal education
CSE/vocational
O levels
A levels
Degree
P
Ethnicity
White
Non-white

P
Maternal age
≤20
21-30
31-35
>35
P
Maternal social class
I
II
IIIN
IIIM
IV + V
P
Smoking
No smoking
1-9/day
10-19/day
≥20/day
P
Cannabis
none
any
P
Caffeine drinks
none
1-21 cups/wk
22-42 cups/wk
>42 cups/wk
P
No. maternal life
events
0-1
2-4
5-7
≥8

0.419

0.341

0.336

99
2929
1361
402

1.40 [0.97, 2.02]
1 (ref)
0.98 [0.88, 1.10]
0.98 [0.81, 1.19]
0.778

103
2944
1365
407

1.01 [0.68, 1.51]
1 (ref)
1.06 [0.93, 1.21]
0.99 [1.81, 1.22]
0.579

102
2915
1346
401

0.76 [0.53, 1.09]
1 (ref)
1.19 [1.06, 1.33]
0.89 [0.74, 1.07]
0.253

340
1678
2034
303
436

0.90 [0.73, 1.11]
1 (ref)
0.87 [0.77, 0.97]
0.99 [0.80, 1.24]
0.95 [0.79, 1.15]
0.213

340
1690
2047
305
437

1.22 [0.96, 1.55]
1 (ref)
0.90 [0.79, 1.02]
0.76 [0.60, 0.97]
0.86 [0.70, 1.07]
0.014

339
1671
2025
301
428

1.24 [1.01, 1.53]
1 (ref)
0.83 [0.74, 0.93]
0.67 [0.54, 0.83]
0.74 [0.61, 0.90]
<0.001

4211
298
219
63

1 (ref)
0.95 [0.77, 1.17]
1.19 [0.93, 1.52]
0.82 [0.53, 1.28]
0.775

4237
300
219
63

1 (ref)
1.12 [0.88, 1.41]
0.92 [0.70, 1.21]
0.80 [0.49, 1.32]
0.566

4188
296
218
62

1 (ref)
0.90 [0.73, 1.11]
0.82 [0.64, 1.04]
0.86 [0.55, 1.32]
0.059

4733
58

1 (ref)
0.97 [0.61, 1.52]
0.881

4761
58

1 (ref)
1.27 [0.75, 2.17]
0.377

4706
58

1 (ref)
0.83 [0.52, 1.31]
0.415

348
1412
2191
840

1 (ref)
0.93 [0.75, 1.15]
0.97 [0.79, 1.19]
0.89 [0.71, 1.11]
0.528

353
1424
2196
846

1 (ref)
1.24 [0.98, 1.56]
0.99 [0.79, 1.25]
0.98 [0.76, 1.26]
0.038

350
1409
2168
837

1 (ref)
1.02 [0.82, 1.25]
0.84 [0.69, 1.03]
0.66 [0.53, 0.83]
<0.001

623
1195
965
2008

1 (ref)
0.96 [0.81, 1.15]
0.87 [0.73, 1.05]
0.95 [0.80, 1.11]

627
1198
969
2025

1 (ref)
1.06 [0.87, 1.29]
0.91 [0.75, 1.12]
1.04 [0.87, 1.25]

617
1187
959
2001

1 (ref)
1.08 [0.91, 1.29]
0.93 [0.77, 1.11]
1.08 [0.92, 1.27]

P
Depression
Not depressed
Possible depression

0.508
3711
1080

P

1 (ref)
0.92 [0.81, 1.04]
0.168

0.882
3733
1086

1 (ref)
1.91 [0.80, 1.05]
0.190

0.587
3691
1073

1 (ref)
0.92 [0.82, 1.04]
0.194

NB. (OR for “good” balance by confounder category); all P values are for the test for trend across categories. Measures of smoking, cannabis and caffeine exposure all
meeasured at 18 weeks gestation.
SBEO = static balance, eyes open
SBEC = static balance , eyes closed

