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BACKGROUND AND 0BJECTIVES: Although prenatal alcohol and nicotine exposure are associated
with reduced cognition in children, associations between consumption of alcohol during
lactation and cognition have not been examined. We aimed to examine whether drinking
or smoking while breastfeeding lowers children’s cognitive scores. We hypothesized
that increased drinking or smoking would be associated with dose-dependent cognitive
reductions.

METHODS: Data were sourced from Growing Up in Australia: The Longitudinal Study of
Australian Children. Participants were 5107 Australian infants recruited in 2004 and
assessed every 2 years. Multivariable linear regression analyses assessed relationships
between drinking and smoking habits of breastfeeding mothers and children’s Matrix
Reasoning, Peabody Picture Vocabulary Test-Third Edition and Who Am I? scores at later
waves.

ResULTS: Increased or riskier wave 1 maternal alcohol consumption was associated with
reductions in Matrix Reasoning scores at age 6 to 7 years in children who had been
breastfed (B = —0.11; SE = 0.03; 95% confidence interval: —0.18 to —0.04; P =.01). This
relationship was not evident in infants who had never breastfed (B = —0.02; SE = 0.10; 95%
confidence interval = —0.20 to 0.17; P = .87). Smoking during lactation was not associated
with any outcome variable.

concLusions: Exposing infants to alcohol through breastmilk may cause dose-dependent
reductions in their cognitive abilities. This reduction was observed at age 6 to 7 years

but was not sustained at age 10 to 11 years. Although the relationship is small, it may be
clinically significant when mothers consume alcohol regularly or binge drink. Further
analyses will assess relationships between alcohol consumption or tobacco smoking during
lactation and academic, developmental, physical, and behavioral outcomes in children.
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Although teratogenic effects of
alcohol are well documented,!#
cognitive risks of alcohol and
breastfeeding are unknown.>
Likewise, although tobacco smoking
during pregnancy is associated with
reductions in childhood cognition,®
cognitive effects from smoking
tobacco during lactation have not
been researched. Because alcohol”
and nicotine® are available in
breastmilk after maternal intake,
understanding whether smoking
tobacco or drinking alcohol during
lactation impacts children’s cognitive
abilities is important.

Although the World Health
Organization recommends

avoiding alcohol and drugs while
breastfeeding,® 12% to 83%510-16

of breastfeeding women report
consuming alcohol and 7% to 16%!117
report smoking tobacco. These

may be underestimates because
people often underreport alcohol
drinking habits.'® Older maternal

age, increased education, and longer
breastfeeding duration are associated
with increased alcohol consumption
during lactation.!* Conversely,
younger maternal age, lower
education, and decreased income are
associated with increased tobacco
smoking.1?

Breastfeeding women report
drinking alcohol because of the

lack of harmful evidence?? and a
mistaken?! belief that alcohol is

a galactagogue.2? Alcohol passes
quickly through to breastmilk at
similar concentrations to maternal
blood alcohol concentration?? and
reduces milk production.?! Although
drinking alcohol immediately after
feeding minimizes ethanol exposure,?3
not all women use this technique,16.20
and unpredictable infant feeding

can mar such attempts.2? Expressing
and discarding “contaminated”
breastmilk does not reduce ethanol
concentration because this is

related to maternal blood alcohol
concentration.”

Nicotine also passes quickly
through to breastmilk, in which
concentrations may be higher than
maternal serum concentrations.®
Nicotine is associated with reduced
milk production and changes in
breastmilk composition and taste.2*
Breastfeeding women report that
despite a belief that maternal
tobacco smoking is harmful to
infants, difficulties curbing addictive
behaviors interfere with its
cessation.25

Studies in which alcohol consumption
or tobacco smoking during lactation
are assessed are limited, and
conductors of rat studies generally
expose dams to larger alcohol
quantities than consumed by human
mothers. Despite this, available
research suggests that alcohol
exposure through breastmilk may have
negative cognitive consequences for
offspring. Research of dams intoxicated
while pregnant and lactating found
reduced learning in pups.?® This may
be because of prenatal exposure alone,
however, because Gray et al?’ found
no decline when alcohol was only
given during lactation. Likewise, dam
offspring who consumed alcohol while
pregnant and nursing had reduced
hippocampal neurons,?8 cerebellar
neurons,?’ and increased cerebral
cortex cell apoptosis and necrosis.3%
Similar neuronal loss and decreased
myelination in pup cerebellums

was also found after only lactational
exposure.3!

Human research has largely been
focused on disrupted infant sleeping
and feeding patterns.>32 The authors
of a case study from 1978,33 however,
described an infant who developed a
pseudo-Cushing syndrome after high
maternal alcohol consumption during
lactation but not pregnancy. Symptoms
abated after alcohol cessation.
Whereas Little et al343° found reduced
psychomotor scores at 1 year in infants
whose mothers drank alcohol while
breastfeeding, the authors of more
recent studies found no reduction in
developmental scores.1®

Rat studies of nicotine intake during
lactation have revealed reversible
hypothyroidism in offspring.36-37
Although hypothyroidism is
associated with cognitive deficits in
humans,3® Gaworski et al3? found
that pups exposed to nicotine during
pregnancy and lactation had intact
learning and memory.3? In a study
of dams exposed to nicotine during
pregnancy and lactation, offspring
had delayed muscarinic receptor
development.*? Because decreased
acetylcholine transmission is
associated with cognitive decline,*
this could potentially impact
cognitive development.

Human studies in which relationships
between tobacco smoking during
lactation and childhood developmental
outcomes are assessed are scant.4243
Women who smoke may have infants
of lower birth weight** and wean
infants earlier.** Because low birth
weight*® and shorter breastfeeding
duration?” are associated with
decreased cognition, these factors
alone could reduce infant cognition.
Laurberg et al*8 found that smoking
tobacco while lactating caused dose-
dependent reductions in milk iodine
content and increased children’s risk
of iodine deficiency. Although iodine
deficiency could theoretically result in
cognitive impairment,*’ this was not
examined.*8

In the context of available research,
our aim in the current study was to
assess whether drinking alcohol or
smoking tobacco during lactation
adversely impacts cognitive outcomes
in children. It was hypothesized that
alcohol and nicotine use would result
in lower cognitive scores in a dose-
dependent manner independent of
pregnancy use.

METHODS

Ethics

Ethics approval was obtained
from Macquarie University Human
Research Ethics Committee.
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Study Design and Data Source

Data were sourced from Growing
Up in Australia: The Longitudinal
Study of Australian Children (LSAC).
Detailed information regarding
LSAC can be found on the LSAC Web
site.50 Briefly, LSAC is a longitudinal
study of Australian children and
their families, conducted by the
Australian Government Department
of Social Services, the Australian
Institute of Family Studies, and the
Australian Bureau of Statistics. The
researchers aim to examine impacts
of social and cultural variables on a
range of physical and psychological
health and developmental
outcomes.5?

Study Cohort

Two cohorts (B and K) were
recruited into LSAC at wave 1 in
2004. Cohort K was not included in
current analyses because the children
were 4 to 5 years old at recruitment.
Cohort B comprised 5107 infants and
caregivers who were managed over
time every 2 years. Demographic,
lifestyle, cognitive, academic, and
developmental variables were
collected at each of the 6 waves
available for data analyses>253;
further recruitment details are
available in LSAC Technical Paper
No. 1.54

Breastfeeding

Caregivers were asked whether
infants were being breastfed

at wave 1 and whether they

had ever been breastfed.>> This
allowed stratification into wave 1
breastfeeding infants and infants who
had been breastfed at any time.

Predictor Variables

Mothers were asked a modified
version of the Alcohol Use
Disorders Identification Test
Alcohol Consumption Questions
(AUDIT-C)56:57

at wave 1 (Table 1). Respondents
who answered “never” to question
1 were assigned a score of 0 for

question 2. Scores were summed to
create a total score (range: 1-19).
Higher scores indicated increased
or riskier alcohol consumption.
Pregnancy alcohol was recorded
retrospectively (Table 1). The
average number of days pregnant
mothers drank alcohol per week
was calculated by averaging
trimester results. Mothers were
asked how many cigarettes they
smoked on average per day at wave
1 and how many cigarettes they
smoked on average per day during
pregnancy.>®

Outcome Variables
Outcome variables were as follows:

e Transformed scores from
an adapted Peabody Picture
Vocabulary Test-Third Edition
(PPVT-III)%859 (waves 3, 4 and 5).
Higher scores indicated increased
vocabulary.

e Raw scores from the Matrix
Reasoning (MR) subtest of the
Wechsler Intelligence Scale for
Children-Fourth Edition®® (waves
4, 5 and 6). Higher scores indicated
increased nonverbal reasoning.

e Raw scores from the Who Am 1?
test (WAI),596162 with 1 change to
item 1163 (wave 3). Higher scores
indicated increases in cognitive
processes underlying early literacy
and numeracy.

CGontrol Variables

Infant sex was controlled for
because of postulated sex
differences in cognitive abilities.t*
Infant and maternal age were
included because maternal age

is associated with alcohol and
cigarette use during lactation,11.1?
and cognition varies with age.®°
Because women who smoke

tend to have lower birth weight
infants** and lower birth weight is
associated with poorer cognition,
46 hirth weight was also included
as a control variable. Breastfeeding
duration was controlled for because

earlier weaning is associated with
lowered cognition*” as well as
maternal tobacco smoking.*®

Combined household income and
maternal education were included
because both are associated with
tobacco smoking and alcohol
consumption during lactation!119
as well as cognitive outcomes.6®
Learning difficulties (delay relative
to peers in the context of a medical
condition) and brain injuries
(concussion and/or internal head
injury requiring medical attention)
were included as control variables
because both can alter cognitive
profiles.67.8 The primary language
spoken at home was only included
for the adapted PPVT-III and WAI
analyses because both are language
reliant.

Statistical Analyses

Data were analyzed by using

IBM SPSS version 24 (IBM SPSS
Statistics, IBM Corporation).
Missing data from all included
variables were imputed by using
multiple imputation (MI). To
reduce estimate bias, arithmetically
derived variables were calculated
after MI of individual items.®?
Thirty imputations were used
because the highest proportion of
missing data for any variable was
30% (Supplemental Information).
When missing data are <50%,
matching the imputation number to
missing data percentage increases
efficiency and replicability of data.”®
Imputations were constrained to
variable ranges where applicable
and were not rounded to integers
to reduce estimate bias.”! Skewed
independent variables were not
transformed before MI because this
can produce poorer estimates.”?

Multivariable linear regression
analyses were performed including
each of the predictor and control
variables. Multicollinearity was
assessed by using the variance
inflation factor (VIF). A VIF <10 was
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TABLE 1 Frequencies for Each of the Responses and Missing Data for Categorical Predictor, Control, considered acceptable.”? Analyses

and Outcome Variables Before Data Imputation (N = 5107) were conducted Separately for each

Variable N (%) outcome variable at each wave.

Sex of child Only data from biological mothers
Male 2608 (51.1) were included. Infants still being
Female 2499 (48.9) breastfed at wave 1 and infants
Missing 000 who had been breastfed at any

Wave 1 child still breastfeeding .

Yeos 2007 (39.3) time were analyzed separately.
No 3096 (60.6) The Benjamini and Hochberg”4
Missing 4(0.1) procedure was used to correct

Child was breastfed at any time for type I error (a = .05). This
Yes 4685 (91.7) procedure is superior to the
N? : 418 (82) Bonferroni correction in preserving
Missing 4(0.1) 74

Mother’s trimester 1 d per wk drinking alcohol power.

0 or occasional 3934 (77)

1 141 (2.8)

2 85 (1.7)

3 32 (0.6) RESULTS

4 17 (0.3)

5 12 (0.2) Descriptive Statistics

s i 281; Full descriptive statistics of all

Missing 877 (17.2) variables before MI are shown in
Mother’s trimester 2 d per wk drinking alcohol Tables 1 and 2.

0 or occasional 3823 (74.9)

1 206 (4.0)

2 118 (2.3) Power Analyses

i :g Egi; Sixteen female caregivers who

5 9(0.2) were not biological mothers were

6 5(0.1) excluded after MI. This left 2009

7 5(0.1) breastfed infants and 4679 infants

Missing - . 876 (17.2) who had been breastfed at some

Mother’s trimester 3 d per wk drinking alcohol .

0 or occasional 3802 (74.4) time. Power analyses revealed that
1 190 (3.7) with 2009 subjects, 99.57% (14

2 133 (2.6) independent variables) and 99.49%
3 54011 (15 independent variables) power
4 2409 was achieved to detect a small

2 164(?'13;) effect size (Cohen'sd = 0.2, a =.05).
7 5(0.1) A sample size of 4679 provided
Missing 879 (17.2) >99% power to detect an effect

Pregnancy: average No. drinks on drinking d size of Cohen's d = 0.2 (a =.05),
0ornone 2597 (50.9) with 14 or 15 independent
1or2 1560 (30.5) . 7576
3ord 56 (1.1) variables.”>
S5or6 7(0.1)

:;Lor more g Eg:; Wave 1 Maternal Alcohol
Missing 879 (17.9) Consumption (Before MI)

Mother’s level of education Modified AUDIT-C scores of wave 1
Never attended or still attending school 4(0.1) breastfeeding mothers (mean = 5.55;
Yse:fzrogr Eq 18631 ((1362)) SD = 2.46; 95% confidence interval
Year 10 or Eq 820 (16.1) [CI] 5.42 to 568) were lower than
Year 11 or Eq 539 (10.6) scores for mothers who were not
Year 12 or Eq 1813 (35.9) breastfeeding (mean = 6.13; SD =
Bachelor degree 998 (13.5) 2.72; 95% CI: 6.02 to 6.24; P <.001;
Graduate diploma or certificate 319 (6.2) .

Postgraduatpe degree 361 (7.1) Cohen's d = 0.22). There was no
Missing 9002 statistically significant difference in

modified AUDIT-C scores between

Downloaded from www.aappublications.org/news by guest on June 23, 2019
4 GIBSON and PORTER



TABLE 1 Continued

Variable N (%)
Combined family income (Australian dollars)
>$2400 per wk or >$124 800 pery 384 (7.5)
$2200-$2399 per wk or $114400-$124799 pery 106 (2.1)
$2000-$2199 per wk or $104 000-$114 399 per y 158 (3.1)
$1500-$1999 per wk or $78000-$103999 pery 674 (13.2)
$1000-$1499 per wk or $52000-$77999 per y 1295 (25.4)
$800-$999 per wk or $41600-$51999 per y 685 (13.4)
$700-$799 per wk or $36400-$41599 per y 367 (7.2)
$600—-$699 per wk or $31200-$36 399 per y 287 (5.6)
$500-$599 per wk or $26 000-$31 199 per y 266 (5.2)
$400—$499 per wk or $20800-$25999 per y 273 (5.3)
$300-$399 per wk or $15600-$20799 pery 231 (4.5)
$200-$299 per wk or $10400-$15599 per y 78 (1.5)
$100-$199 per wk or $5200-$10399 pery 17 (0.3)
$50-$99 per wk or $2600-$5199 pery 7(0.1)
$1-849 per wk or $1-$2599 pery 1(<0.1)
Nil income 2 (<0.1)
Negative income 4(0.1)
Missing 272 (5.3)
Mother’s frequency of drinking alcohol (modified AUDIT-C question 1)
Never 387 (7.6)
Not in the last y 414 (8.1)
Monthly or less 1234 (24.2)
2-3 times a mo 582 (11.4)
Once a wk 590 (11.6)
2-3times a wk 604 (11.8)
4-6 times a wk 303 (5.9)
Every d 91 (1.8)
Missing 902 (17.7)
Mother’s average No. drinks when drinking (modified AUDIT-C
question 2)
0 387 (7.6)
1or2 2484 (48.6)
3ord 611 (12.0)
S5or6 184 (3.6)
7-10 64 (1.3)
>11 17 (0.3)
Missing 1360 (26.6)
Mother’s frequency of drinking >5 drinks in 1 sitting (modified
AUDIT-C question 3)
Not in the last y 2879 (56.4)
Monthly or less 1022 (20.0)
2 or 3 times a mo 148 (2.9)
Once a wk 95 (1.9)
2-3 times a wk 46 (0.9)
4-6 times a wk 7(0.1)
Every d 1(0.1)
Missing 909 (17.8)
Head injury wave 32
Yes 7(0.1)
No 4379 (85.7)
Missing 721 (14.1)
Head injury wave 42
Yes 19 (0.4)
No 4223 (82.7)
Missing 865 (16.9)
Head injury wave 52
Yes 24 (0.5)
No 4024 (78.8)
Missing 1059 (20.7)
Head injury wave 62
Yes 28 (0.5
No 3670 (71.9)

mothers who had breastfed (n =
3443; mean = 5.90; SD = 2.60; 95%
Cl: 5.81 to 5.99) and had never
breastfed their infants (mean = 5.81;
SD =3.04; 95% CI: 5.50 to 6.13; P =
.60; Cohen's d = 0.03).

Wave 1 Maternal Tobacco Smoking
(Before MI)

Breastfeeding wave 1 mothers
smoked fewer cigarettes on average
per day (mean = 1.06; SD = 3.67;
95% CI: 0.77 to 1.25) than women
who were not breastfeeding (mean =
2.84; SD =5.97; 95% CI: 2.64 to 3.04;
P <.001; Cohen's d = 0.37). Mothers
whose infants had been breastfed at
some time, smoked fewer cigarettes
on average per day (mean = 1.85;

SD =4.87;95% CI: 1.69 to 2.01)

than mothers whose infants had
never breastfed (mean = 5.00; SD =
8.02; 95% CI: 4.43 t0 5.57; P <.001;
Cohen's d = 0.47).

Missing Data

Little’s missing completely at random
test revealed that data were not
missing completely at random, P = <
.001. Previous LSAC analysis revealed
that more poorly educated caregivers
tended to drop out of the study,””
suggesting that missing data were
related to independent variables and
suitable for M1.78

Linear Regression: MR Scores

Full wave 5 to 6 results are available
in Supplemental Table 5.

Infants Breastfeeding at Wave 1

Models explained 1% to 19%, 1%

to 26%, and 2% to 14% of variance,
respectively, across waves for each
imputation. Older wave 4 child age
was associated with increased wave
4 MR scores. Increased and/or riskier
maternal alcohol consumption while
breastfeeding was associated with
decreased wave 4 MR scores. This
was no longer statistically significant,
however, after multiple comparison
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TABLE 1 Continued

Variable N (%)
Missing 1409 (27.6)
Learning difficulty wave 3
Yes 84 (1.6)
No 4302 (84.2)
Missing 721 (14.1)
Learning difficulty wave 4
Yes 25 (0.5
No 4217 (82.6)
Missing 865 (16.9)
Learning difficulty wave 5
Yes 92 (1.8)
No 3955 (77.4)
Missing 1060 (20.8)
Learning difficulty wave 6
Yes 107 (2.1)
No 3670 (71.9)
Missing 1409 (27.6)

@ Head injuries noted at earlier waves were automatically recorded at all later waves.

TABLE 2 Means, SDs, Ranges, and Missing Data for Quantitative Predictor, Control, and Outcome

Variables Before Data Imputation (N = 5107)

Variable Mean (SD) Range Missing Data N (%)
Child’s birth wt, g 3410.15 (568.83) 382.00-5440.00 35 (0.7)
Child’s age wave 1,y 0.77 (0.21) 0.33-1.59 0(0)
Child’s age wave 3,y 4.88 (0.25) 4.16-5.84 721 (14)
Child’s age wave 4,y 6.91(0.29) 6.16—7.92 865 (17)
Child’s age wave 5, y 8.99 (0.32) 8.08-9.84 1022 (20)
Child’s age wave 6, y 11.01 (0.33) 10.08—11.84 1343 (26)
Mother’s age wave 1,y 31.48 (5.47) 15.66-63.92 7(0.1)
Average daily cigarettes while pregnant 1.19 (3.81) 0.00-55.00 1041 (20)
Mother’s average daily cigarettes 2.09 (5.25) 0.00-40.0 823 (16)
wave 1
WAI score wave 3 26.94 (7.10) 1.00-43.00 910 (18)
Adapted PPVT-II score wave 3 65.16 (5.99) 34.00-85.00 841 (17)
Adapted PPVT-Il score wave 4 74.43 (5.15) 36.00-92.00 922 (18)
Adapted PPVT-II score wave 5 79.10 (4.83) 52.00-106.00 1093 (21)
MR score wave 4 14.00 (4.67) 3.00-30.00 927 (18)
MR score wave 5 19.55 (4.83) 1.00-32.00 1107 (22)
MR score wave 6 22.08 (5.07) 1.00-33.00 1509 (30)
Breastfeeding duration, d 228.89 (202.88) 0.00-1157 583 (11)

adjustment. No other statistically
significant relationships were
observed. Full results are shown in
Table 3.

Infants Who Had Been Breastfed at Any
Time

Models explained 2% to 16%, 3%

to 25%, and 2% to 14% of variance,
respectively, across waves for each
imputation. Increased MR wave 4
scores were predicted by increased
wave 4 child age. Increased or riskier
maternal alcohol consumption was
associated with decreased wave 4 MR

scores. This relationship remained
statistically significant after multiple
comparison adjustments. At wave

5, only older wave 5 child age was
associated with increased wave 5
MR scores. At wave 6, learning
difficulties predicted lower wave 6
MR scores. Full results are shown in
Table 4.

Infants Who Had Never Been Breastfed

When assessing infants who had
never breastfed, only modified
AUDIT-C scores were included as a

predictor to maximize power. With 1
independent variable, a sample

size of 412 provided 80% power to
detect a small effect size (Cohen's

d =0.2; «=.05).7>76 The model
accounted for <0.001% variance,
and modified AUDIT-C scores
weren’t associated with wave 4

MR scores (B = —0.02; SE = 0.10;
95% CI=-0.20to 0.17; P =.87).

Linear Regression: WAI Scores

Full results are available in
Supplemental Table 6.

Infants Breastfeeding at Wave 1

The model explained 7% to 41% of
variance across imputations. Older
wave 3 child age was associated

with increased WAI scores. Learning
difficulties were also associated with
decreased WAI scores. There was no
associated between maternal alcohol
consumption or tobacco smoking and
WAI scores.

Infants Who Had Been Breastfed at Any
Time

The model explained 9% to 41% of
variance across imputations. Older
wave 3 child age predicted higher
WALI scores. Learning difficulties
predicted lower WAI scores. No
other variables were statistically
significant.

Linear Regression: Adapted PPVT-llI
Scores

Full results are available in
Supplemental Table 7.

Infants Breastfeeding at Wave 1

Models explained 4% to 17%, 2%
to 15%, and 1% to 25% of variance,
respectively, across waves for each
imputation. Learning difficulties
were associated with lower wave
3—adapted PPVT-III scores. Older
wave 4 child age was associated
with higher wave 4 scores. No
other variables were statistically
significant.
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TABLE 3 Infants Being Breastfed at Wave 1: Regression Coefficients, SEs, Cls, P Values, and Adjusted P Values for Each Predictor and Gontrol Variable for

Wave 4 MR Scores (n = 2009)

Variable? B Coefficient SE 95% Cl P Adjusted P
Intercept 3.98 3.02 —1.96109.92 19 N/A
Child’s age wave 4 1.64 0.40 0.85t02.44 <.001 <.001
Mother’s modified AUDIT-C score wave 1¢ —0.12 0.06 —0.23t0 —0.01 .03 22
Child’s birth wt <0.001 <0.001 —0.001 to —<0.001 12 48
Pregnancy: average d per wk drinking alcohol 0.28 0.19 —0.09 t0 0.65 14 48
Pregnancy: average No. drinks 0.27 0.25 —023t00.76 .30 12
Learning difficulty wave 4 —-1.72 1.67 —5.10t0 1.66 31 72
Combined family income —0.04 0.05 —0.14t0 0.05 .36 73
Mother’s age wave 1 0.02 0.02 —0.03 t0 0.06 44 a7
Average daily cigarettes while pregnant —0.05 0.08 —0.20t0 0.10 .53 .81
Head injury wave 4 0.93 1.65 —240t04.25 .58 81
Child’s sex —0.08 0.22 —0.52t0 0.36 72 81
Breastfeeding duration <0.001 <0.001 —<0.001 to <0.001 72 81
Mother’s level of education 0.02 0.08 —0.14t0 0.19 a7 81
Mother’s average daily cigarettes wave 19 0.01 0.06 —0.10t0 0.13 81 .81

N/A, not applicable.
2VIF <10 for all variables.
b Benjamini-Hochberg method.

¢ Unadjusted B = —0.045; SE = 0.05; 95% Cl: —0.14 to 0.05; P = .35.

4 Unadjusted B = —0.02; SE = 0.03; 95% CI: —0.08 t0 0.04; P = .49.

TABLE 4 Infants Who Had Been Breastfed at Any Time:
Variable for Wave 4 MR Scores (n = 4679)

Regression Coefficients, SEs, Cls, P Values, and Adjusted P Values for Each Predictor and Control

Variable? B Coefficient SE 95% Cl P Adjusted P
Intercept 2.88 214 —1.32t07.09 18 N/A
Child’s age wave 4 1.83 0.29 1.27 to 2.40 <.001 <.001
Mother’s modified AUDIT-C score wave 1° —0.11 0.03 —0.18 to —0.04 .001 .01
Average daily cigarettes while pregnant —0.05 0.03 —0.12t0 0.02 13 46
Pregnancy: average d per wk drinking alcohol 0.19 0.14 —0.08t0 0.46 .16 46
Child’s birth wt <0.001 <0.001 <0.001 to <0.001 A7 46
Pregnancy: average No. drinks 0.22 0.17 —0.12t0 0.55 21 48
Learning difficulty wave 4 —1.51 1.55 —4.66to 1.64 34 54
Mother’s age wave 1 —0.01 0.02 —0.04 t0 0.02 .35 54
Combined family income —0.03 0.03 —0.09to 0.04 .38 o4
Mother’s average daily cigarettes wave 19 0.02 0.03 —0.03t0 0.07 .39 .54
Breastfeeding duration <0.001 <0.001 <0.001 to 0.001 48 .61
Mother’s level of education 0.04 0.06 —0.08t00.15 o4 .63
Head injury wave 4 0.86 1.56 —2.31t04.02 .59 .63
Child’s sex —0.05 0.15 —0.33t00.24 .76 .76

N/A, not applicable.

aVIF <10 for all variables.

b Benjamini-Hochberg method.

¢ Unadjusted B = —0.07; SE = 0.03; 95% Cl: —0.12 to 0.01; P = .03.

d Unadjusted B = —0.01; SE = 0.02; 95% Cl: —0.04 to 0.02; P = .50.

Infants Who Had Been Breastfed at Any DISCUSSION child and maternal age, income,

Time

Models explained 3% to 13%, 2%

to 14%, and 2% to 18% of variance,
respectively, across waves for each
imputation. Learning difficulties
were associated with lower wave
3—adapted PPVT-III scores. Older
wave 3 child age was associated with
higher wave 4 scores. Other variables
were not statistically significant.

This is the first study in which
associations between alcohol
exposure through breastmilk and

cognition in children are examined.

Greater or riskier maternal
alcohol intake was associated with
decreased nonverbal reasoning at
6 to 7 years in a dose-dependent
manner. This was independent of
prenatal alcohol consumption, sex,

birth weight, breastfeeding

duration, learning delay, head injury,
and pregnancy and breastfeeding
tobacco smoking. Although this
relationship was found in wave

1 breastfeeding children, with
multiple comparison adjustment

it was no longer statistically
significant. In children who had been
breastfed at any time, however, this
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association remained statistically
significant after adjustment.

There was no relationship between
maternal alcohol consumption and
MR scores in infants who had never
breastfed. This suggests that alcohol
exposure through breastmilk was
responsible for cognitive reductions
in breastfed infants rather than
psychosocial or environmental
factors surrounding maternal alcohol
consumption. This supports the
suggestion that alcohol exposure
through breastmilk can reduce
cognition in children.

No relationship between maternal
tobacco smoking and MR scores
was found in wave 1 breastfed
infants or infants who had been
breastfed at any time at any wave.
Likewise, no associations were
observed between maternal alcohol
or cigarette use and adapted PPVT-
[II or WAI scores for either group
at any wave. The suggestion that
smoking tobacco during lactation
reduces cognition in children was
not supported.

Although no directly comparable
previous research exists, Little et al34
found reduced developmental
scores in children of mothers who
drank while breastfeeding. The
authors of a case study of a breastfed
infant who developed a pseudo-
Cushing syndrome also found that
symptoms abated once maternal
alcohol was ceased. Because the
infant had no prenatal alcohol
exposure, this suggests that alcohol
exposure through breastmilk

can directly impact children’s
development.3? Additionally,
prenatal alcohol exposure is more
consistently associated with
executive dysfunction than language
or numeracy impairments.* This

is consistent with the observed
reductions in MR scores but not

the language- or numeracy-based
measures.

Although current analyses found an
association between increased or

riskier alcohol consumption while
breastfeeding and MR scores, the
mechanism is unclear. Consistent
with animal models, ethanol in
breastmilk may interfere with
normal brain development.28-31
Increased cerebral cortex apoptosis
and necrosis,3? for example, may
disrupt higher order executive
skills relied on in reasoning tasks.
Likewise, decreased myelination3?
could reduce the processing speed
needed to problem solve quickly.
Alternatively, reduced cognition may
be secondary to changes in feeding
and sleeping.>32 Alterations in
nutritional intake and sleep patterns
may modify brain development

or cause behavioral changes that
reduce exposure to enriching
stimuli.

The relationship between increased
alcohol exposure through breastmilk
and decreased cognition was not
evident at waves 5 to 6. Because
older age also ceased to be predictive
of wave 6 MR scores, the effects of
age and alcohol may be mediated by
factors such as increased education.
Because learning difficulties were
associated with lower wave 6 MR
scores, alcohol may also indirectly
alter cognition by contributing to
developmental disorders in older
children.

Interestingly, despite known
teratogenic effects,3 no association
between prenatal alcohol exposure
and children’s cognition was
observed. This may be related

to the small quantities and
infrequency of prenatal alcohol
consumption. Furthermore,
prenatal binge drinking of

alcohol was not recorded and has
been associated with reduced
cognition in children.? The size

of the observed relationship
between alcohol exposure through
breastmilk and cognition was also
small, and clinical implications
may be limited unless mothers
drink large quantities or frequently

binge drink. Additionally, given
this small effect, the sample size of
infants who had never breastfed
may have been too small to detect
a relationship, despite attempts to
maximize power.

There are several other limitations.
The frequency and quantity of

milk consumed by infants was not
recorded, nor was the timing of
alcohol consumption or the amount
of ethanol in breastmilk. The impact
of this is unknown, however,
because not all women time their
alcohol consumption to limit alcohol
exposure, and unpredictable infant
feeding patterns can interfere with
timing attempts.20

Although wave 1 alcohol
consumption was recorded
contemporaneously, pregnancy
alcohol measures were
retrospective. Although both are
likely to be underestimates,!8
retrospective measures may be
even less accurate. Furthermore,
measures of wave 1 and pregnancy
alcohol differed, preventing direct
comparisons.

Cognitive measures available

from LSAC were limited. A more
comprehensive assessment of
cognition including executive
functioning, processing speed,
learning and memory, visuospatial
abilities, and basic as well as
complex attention would have been
beneficial.

CONCLUSIONS

Increased or riskier maternal
alcohol consumption during
lactation was associated with dose-
dependent reductions in abstract
reasoning at age 6 to 7 years. This
relationship was not observed in
infants who had never breastfed,
suggesting a direct relationship
between alcohol exposure through
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breastmilk and decreased cognition.
The association was not evident at
ages 8 to 11 years, which may relate
to increased education in older
children. Alternatively, because
learning difficulties predicted

lower MR scores at ages 10 to 11
years, alcohol may be associated
with developmental disorders that
contribute to these difficulties.
Further analyses of LSAC data are
planned to assess this possibility

as well as relationships between
alcohol exposure through breastmilk
and academic, physical, and
behavioral outcomes in children.
Future research should also be
focused on direct measures of
alcohol in breastmilk and use

more comprehensive cognitive
assessments.
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