PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Breastfeeding Duration and Academic Achievement at 10 Years
Wendy H. Oddy, Jianghong Li, Andrew J. O. Whitehouse, Stephen R. Zubrick and
EvaMalacova
Pediatrics 2011;127;e137-€145; originally published online Dec 20, 2010;
DOI: 10.1542/peds.2009-3489

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www.pediatrics.org/cgi/content/full/127/1/e137

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2011 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™



http://www.pediatrics.org/cgi/content/full/127/1/e137

ARTICLES

Breastfeeding Duration and Academic Achievement at

10 Years

AUTHORS: Wendy H. 0ddy, PhD,2 Jianghong Li, PhD,P
Andrew J. 0. Whitehouse, PhD,2 Stephen R. Zubrick, PhD,?
and Eva Malacova, PhD&¢

aTelethon Institute for Child Health Research, Centre for Child
Health Research, University of Western Australia, Perth,
Australia; and ® Curtin Health Innovation Research Institute,
Gentre for Developmental Health, and °National Drug Research
Institute, Curtin University of Technology, Perth, Australia

KEY WORDS
breastfeeding, education, child development, Raine Study

ABBREVIATIONS

WALNA—Western Australian Literacy and Numeracy Assessment
WAMSE—Western Australian Monitoring Standards in Education
Cl—confidence interval

Dr 0ddy contributed to the development of the hypothesis and
statistical analysis, wrote the main drafts of the manuscript,
and is responsible for correspondence and requests for
reprints; Dr Li played a lead role in the conceptualization of the
article, undertook statistical analyses, and, with Drs Whitehouse
and Zubrick, contributed to the interpretation and discussion of
the results and other sections of the manuscript; and Dr
Malacova wrote the literature review and contributed to the
initial study design, interpretation of the results, and main
drafts of the manuscript.

www.pediatrics.org/cgi/doi/10.1542/peds.2009-3489
doi:10.1542/peds.2009-3489
Accepted for publication Sep 10, 2010

Address correspondence to Wendy H. 0ddy, PhD, Telethon
Institute for Child Health Research, PO Box 855, Perth, Western
Australia 6872, Australia. E-mail: wendyo@ichr.uwa.edu.au

PEDIATRIGS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2011 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

PEDIATRICS Volume 127, Number 1, January 2011

k evident for boys. j

WHAT’S KNOWN ON THIS SUBJECT: It is not clear whether the \
benefits of breastfeeding on cognitive development reflect
nutritional or socioeconomic advantages. Some studies have
revealed no differences after adjusting for socioeconomic status,
environment, and maternal verbal ability, whereas others have
shown benefits.

WHAT THIS STUDY ADDS: Predominant breastfeeding for =6
months was positively associated with numeracy and literacy
achievement independent of maternal and demographic factors
and cognitive stimulation at home. However, the effectiveness of
breastfeeding differed according to gender; benefits were only

INTRODUCTION: The aim of this study was to examine the relationship
between duration of breastfeeding and educational outcomes. We hy-
pothesized that longer periods of breastfeeding would predict better
educational outcomes in middle childhood.

METHODS: The Western Australian Pregnancy Cohort (Raine) Study
used a cohort 0f 2900 women who were enrolled at 18 weeks’ gestation;
with 2868 live-born children were followed prospectively. At ~10 years
of age, data from 1038 children were linked to standardized mathemat-
ics, reading, writing, and spelling scores. Associations between breast-
feeding duration and educational outcomes were estimated by using
linear models with adjustment for gender, family income, maternal
factors, and early stimulation at home through reading.

RESULTS: Ten-year-old children who were predominantly breastfed
for 6 months or longer in infancy had higher academic scores than
children who were breastfed for less than 6 months. The effect of
breastfeeding on educational outcomes differed according to gender;
boys were particularly responsive (in mathematics, spelling, reading,
and writing) to a longer duration of breastfeeding.

CONCLUSIONS: Predominant breastfeeding for 6 months or longer
was positively associated with academic achievement in children at 10
years of age. However, the effectiveness of breastfeeding differed ac-
cording to gender; the benefits were only evident for boys. Pediatrics
2011;127:137—e145
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Breastfeeding is promoted as benefi-
cial to both the mother and newborn,
and exclusive breastfeeding for at
least 6 months is recommended.! Al-
though there are many reasons to en-
courage breastfeeding, its benefits for
cognitive ability, intelligence, and aca-
demic achievement have received in-
creasing scientific scrutiny.2

Studies of the long-term effects of
breastfeeding on child development
are challenging. Mothers who choose
to breastfeed tend to have higher so-
cioeconomic status and higher intelli-
gence and to be older, more educated,
and nonsmokers.8  Breastfeeding
mothers also are more likelyto engage
in behaviors that stimulate child devel-
opment,” thus contributing to the ob-
served differences in cognitive per-
formance between breastfed and
nonbreastfed children. Therefore, it is
not clear whetherthe apparent breast-
feeding benefits on cognitive develop-
ment reflect a true nutritional advan-
tage derived from breast milk or the
socioeconomic advantage associated
with breastfeeding. It is not surprising
that some studies®® have revealed no
significant differences after adjusting
for confounders including socioeco-
nomic status, home environment, and
maternal verbal ability, whereas oth-
ers,* including our own,® have shown
the benefits of breastfeeding.

In our study, we aimed to determine
whether the duration of breastfeed-
ing was associated with numeracy
and literacy achievement in children
at 10 years of age. We hypothesized
that children who were predomi-
nantly breastfed for 6 months or
longer, compared with those who
were breastfed for a shorter dura-
tion, would achieve higher scores in
numeracy and literacy, independent
of maternal and demographic fac-
tors and early cognitive stimulation
received in the home.

e138 0DDY et al

METHODS
Study Population

The Western Australian Pregnancy Go-
hort (Raine) Study is an ongoing longi-
tudinal study in which 2900 women
were recruited from the public antena-
tal clinic at the major tertiary mater-
nity hospital in Perth, Western Austra-
lia, and from nearby private practices.
These women were randomly selected
for enroliment if they were at 16 to 20
weeks’ gestational age, if they had suf-
ficient proficiency in English, if they ex-
pected to deliver at the hospital, and if
they intended to remain in Western
Australia for follow-up. Approximately
100 women per month were enrolled
from August 1989 to April 1992.10

All children were assessed as soon as
possible after each birthday at 1, 2, 3,
9, 8, and 10 years of age. Each assess-
ment included questionnaire comple-
tion and a clinical examination by a re-
search nurse, who provided a medical
examination of the child.

Breastfeeding Duration

Infant feeding data were collected at 1,
2, and 3 years of age. A diary card was
maintained in which mothers re-
corded important events in their
child’s life, including feeding. This in-
formation was transcribed by the re-
search nurse to the questionnaire dur-
ing the assessment. Although our data
on breastfeeding were collected retro-
spectively, they were within 1 year of
the breastfeeding period. In contrast,
other studies have collected data as
late as 5 to 11 years after the breast-
feeding period." Previous research'
revealed that maternal recall is a valid
and reliable estimate of breastfeeding
initiation and duration, especially
when the recall is 3 years or less after
the breastfeeding period. Hence, our
breastfeeding data were of adequate
quality, and recall of breastfeeding du-
ration was close enough to the time of
feeding to be valid.

Information about the age at which
milk other than breast milk was intro-
duced was applied to obtain a continu-
ous measure of predominant breast-
feeding in months. These data were
categorized as less than 4 vs 4 months
or longer and less than 6 versus 6
months or longer. At the time of re-
cruitment for this study, the World
Health Organization and the Australian
National Health and Medical Research
Council recommended that all moth-
ers breastfeed their infant for 4 to 6
months.! Therefore, we used the more
conservative measure of 6 months in
our analysis. In a similar way, informa-
tion about the age at which breastfeed-
ing stopped was used to obtain mea-
sures of any breastfeeding. Neither of
our breastfeeding measures pre-
cluded the intake of solid foods. We
used the definition of predominant
breastfeeding because we could not
meet the strict criteria for exclusive
breastfeeding set by the World Health
Organization.

Sociodemographic Measures

Maternal socioeconomic characteris-
tics collected before and at birth in-
cluded maternal age, maternal edu-
cation, marital status of the mother,
and family income. The characteris-
tics were grouped into 3 or more
categories.

Language stimulation was measured
at 3 and 5 years by asking the parent
(usually the mother) how often she (or
someone else at home) reads a story
to the child. Preliminary assessment
revealed that reading at 3 and 5 years
(r=10.448; P < .005) and looking at
books with the child at the age of §
years (r = .501; P < .0001) were
strongly correlated. We found that
looking at books with the child at age 5
showed the strongest association be-
tween predominant breastfeeding and
Western Australian Literacy and Nu-
meracy Assessment (WALNA) scores;



therefore, we included this variable in
the final models to adjust for child
stimulation withinthe home. Given that
stimulation in the home was a covari-
ate to our research question regard-
ing the effect of breastfeeding on edu-
cational outcomes, it did not make any
substantial difference what home-
stimulation variable was used.

Educational Assessment at 10
Years

The WALNA is administered annually to
all students in grades 3, 5, and 7
across Western Australia (~75% of
West Australian children). The assess-
ment consists of multiple-choice,
short-response, and open-response
questions in 4 areas: mathematics,
reading, writing, and spelling. Stan-
dardized Western Australian Monitor-
ing Standards in Education (WAMSE)
scores are derived from a raw scale,
and higher scores indicate better per-
formance. WAMSE scores refer to the
scale of measurement chosen as a ba-
sis for describing achievement in the
different learning areas. In much the
same way as distances can be mea-
sured in centimeters or inches and
temperature in Celsius or Fahrenheit,
level of achievement can be repre-
sented with the use of different scales.
The important thing is that the value
that represents the level of achieve-
ment really is a measurement. This
outcome is ensured through an itera-
tive process of test development, anal-
ysis of student data, refinement of
tests, and additional analysis. The re-
sult is that the WAMSE can be inter-
preted simply as a measurement of
achievement. Table 1 lists the sample
statistics for the WAMSE scores. Some
test scores revealed negative values to
enable easier interpretation and to al-
low monitoring of children’s progress
in literacy and numeracy over time
within the same subject area. Linkage
was undertaken by the Western Aus-
tralian Data Linkage System, using a
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TABLE 1 Summary Statistics of 4
Standardized Indicator WAMSE
Scores of Educational Outcomes

n  Minimum Maximum Mean SD

Mathematics 980 —15.0 775.0 398.0 106.1
Reading 980 —47.0 702.6 385.3 1046
Writing 980 —277.2 802.0 362.3 168.4
Spelling 980 —99.0 717.0 4244 1180

Negative scores were possible because scores were
equated to their historical scale. Some test scores took
negative values to allow for easier interpretation and
monitoring of children’s progress in literacy and nu-
meracy skills over time within the same subject area.

probabilistic method of matching ac-
cording to name, date of birth, gender,
and address.'”> WALNA records were
linked for 1038 Raine Study children
who were in grade 5 (mean age: 10
years and 5 months [SD: 2.48 months])
and attending government schools at
the time of assessment.

Statistical Power

For a sample size of 980 children (esti-
mated SD: 105), the power of a 1-tailed
test to detect a difference of 16 WAMSE
scores at the 5% significance level was
with 99% power and to detect a differ-
ence of 8 WAMSE scores was with 90%
power. Because both calculations
yielded a value of more than 80%, our
analyses, thus, were highly statisti-
cally powerful.

Statistical Analysis

We conducted multivariable general
linear regression analyses, in which
we adjusted for sociodemographic co-
variates. We categorized maternal ed-
ucation and family income to deter-
mine the effect sizes of these
independent groups and control for
these factors. Previous research' has
shown that these categories of mater-
nal education and family income pre-
dict breastfeeding well. We adjusted
for maternal education as a categori-
cal variable, because these categories
are much more meaningful for the
Australian context than years of
schooling. For the same reason, we ad-
justed family income as below or
above $36 000 annually. In further anal-
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yses, we tested maternal education
and family income in a wider range of
categories (eg, maternal education in
4 categories instead 3 groups and fam-
ily income in 5 categories instead of 2
groups). The results did not alter our
final conclusions on the basis of the
analysis in which we used a smaller
range of categories. In further analy-
sis, we tested for an interaction be-
tween breastfeeding and gender with
the educational scores as the out-
comes. All analyses were undertaken
with  SPSS 16+ software (SPSS,
Chicago, IL).

Ethical Considerations

The ethics committees of King Edward
Memorial Hospital and Princess Mar-
garet Hospital in Perth approved the
protocol for the study. The parent or
guardian provided written consent to
link the child’s data at 10 years with
WALNA results.

RESULTS

Table 2 lists the characteristics of the
entire cohort and subcohorts. The en-
tire cohort comprised 2868 live births;
the oldest child turned 10 years old in
August 2000. Of these children, 2515
were eligible for the follow-up and
2047 participated in this follow-up, and
1749 parents gave consent for their
child’s study data to be linked to gov-
ernment education databases. After
the withdrawal of children from the
study, nonparticipation, and eligibility,
data for 1038 children who had at-
tended government schools and pro-
vided consent were matched with
WALNA records. We compared those
who were eligible but not linked (n =
1830) to WALNA data with those who
were linked (n = 1038) and calculated
Pvalues to address any hias. We found
that there were significant differences
between those who were and those
who were not linked to WALNA. Those
children who were linked to WALNA
were more likely to have been breast-
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TABLE 2 Comparison of Maternal Sociodemographic Characteristics Between the Entire Cohort
and Children Linked and Those not Linked to the WALNA

Entire Cohort,
Valid Percent
(n) (N = 2868)

Subcohorts Pearson x? P
Children Children (2 TalledTest
Linked not Linked
tothe WALNA,  to the WALNA,

Valid Percent
(n) (N=1830)

Valid Percent
(n) (N=1038)

Maternal age

Teenaged mothers 12.6 (360)
2024y 23.5 (674)
25-29y 30.2 (867)
30-34y 229 (657)
=35y 10.4 (299)
Total 2857 (99.6)
Missing 4(11)
100 0 (2868)
Maternal education
Less than grade 12 51.7 (1483)
Trade certification/other 29.6 (848)
diploma
Professional or university 18.7 (536)
degree
Total 100.0 (2867)
Maternal marital status
Never married/de facto 51 7 (909)
Separated/divorced/widowed 6 (104)
Married 64 6 (1854)
Missing 1(1)
Total 100 0 (2868)
Family income at 18 wk
Adolescent/no income 5.9 (169)
<§7000 8.1 (232)
$7000-11999 8.6 (247)
$12000-23 999 24.5 (702)
$24 000-35 999 23.3 (667)
$=36 000 29.6 (850)
Missing 0.1 (1)
Total 100.0 (2868)
Any breastfeeding variables
Breastfeeding for =4 mo 62.2 (1503)
Breastfeeding for <4 mo 37.8 (915)
Missing 450
Total 100.0 (2868)
Breastfeeding for =6 mo 51.8 (1252)
Breastfeeding for <6 mo 48.2 (1166)
Missing 450
Total 100.0 (2868)
Duration of any breastfeeding,
mean, mo

9.4 (98) 14.4 (262) <.001
21.9 (227) 24.6 (447) —
30.8 (320) 30.1 (547) —
25.8 (268) 21.4 (389) —
11.9 (124) 9.6 (175) —
99.9 (1037) — —

0.1(1) — —

100.0 (1038) — —
51.4 (534) 51.9 (949) .652
29.0 (301) 29.9 (547) —
19.6 (203) 18.2 (334) —

1038 (100.0) — —
28.4 (295) 33.6 (614) .005

3.1(32) 39(72) —
68.5 (711) 62.5 (1143) —

100.0 (1038) — —

4 (46) 7(123) .02

6 3 (65) 1.(167) —

7.7 (80) 9 1(167) —
25.0 (259) 24.2 (443) —
25.0 (260) 22.3 (407) —
31.6 (328) 28.5 (522) —

100.0 (1038) — —
61.2 (635) 60.4 (1105) .027
33.2 (345) 39.6 (725) —

5.6 (58) — -

100.0 (1038) — —
50.1(527) 50.4 (725) 105
43.6 (453) 49.6 (713) —

5.6 (58) — —

100.0 (1038) — —

7.92 7.24 .021

fed longer, have older mothers, have
mothers who were more likely to be
married, and have families with a higher
income. Of 1038 children, complete data
were available on most key outcome and
exposure variables for 980 (Table 3). Of
980 mothers of the children in our
sample at 6 months, 54% were continu-
ing to breastfeed, and 28% were pre-
dominantly breastfeeding.
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In univariate associations between
breastfeeding and the educational out-
comes at 10 years, parameter esti-
mates from linear regression revealed
that continuous breastfeeding was sig-
nificantly associated with an increase
in scores with each additional month
of breastfeeding for mathematics
(B = 121 [95% confidence interval
(C: 0.30—2.13]; P = .010), reading

TABLE 3 Characteristics of the West
Australian Pregnancy Gohort Study
Who Had Complete Data Available for
Breastfeeding, Educational
Outcomes, and Confounding Factors

Valid Percent
(n) (N =980)2

Variable

Any breastfeeding for =6 mo

Yes 53.8 (527)
No 46.2 (453)
Predominant breastfeeding for
=6 mo
Yes 28.0 (273)
No 72.0 (702)
Gender of child
Female 49.7 (487)
Male 50.3 (493)
Maternal age
<20y 9.1 (89)
20-24y 21.5 (211)
25-29y 31.4 (308)
30-34y 25.6 (251)
=35y 12,3 (121)
Maternal education
=12y 51.0 (500)
Trade certificate/college 29.2 (286)
diploma/other diploma
Professional or university 19.8 (194)
degree
Family income at 18 wk
<24 000 426 (417)
24 00035 999 25.0 (245)
=36 000 32.4 (318)
Maternal marital status
Never married/de facto 27.6 (270)
Separated/divorced/widowed 3.2 (31)
Married 69.3 (679)
Maternal race
Aboriginal 0.8(8)
Caucasians 91.6 (898)
Other (mostly Asian) 76 (74)
Child stimulation at home
How often do you read to your
child at age 3?
Never or once per month 11.3 (103)
2-3 times per week 30.8 (281)
Once per day 34.1(311)
More than once per day 23.9 (218)
How often do you read to your
child at age 5?
Less than once per week 6.1 (57)
Once per week 11.4 (106)
2-3 times per week 20.3 (189)
Once per day 47.1 (438)
More than once per day 15.1 (140)
How often do you look at a book
with your child at age 5?
Less than once per week or 2.6 (24)
once per week
2-3 times per week 7.3 (68)
Most days 43.0 (400)
More than once per day 47.2 (439)

The children’s ages at the 10-year follow-up ranged from 9
years 4 months to 12 years 3 months (mean: 10 years 5
months; SD: 2.48 months). In the subsample used for our
analysis (n = 980), the ages of children ranged from 9
years 4 months to 11 years 6 months (mean: 10 years 5
months; SD: 2.16 months).

aNot all frequency distributions add to 100% because of
small amounts of missing data.
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TABLE 5 Multivariable Association Between Predominant Breastfeeding for =6 Months and Educational Outcomes at 10 Years of Age Separately for

Boys and Girls (N = 980)

Mathematics Reading Writing Spelling
B 95% Cl pa B 95% Cl pa B 95% Cl P B 95% Cl P
Predominant breastfeeding
=6 moP
Female (n = 444) —536 —2643 1571 617 1060 —1039 3158 321 —0.87 —39.61 3787 965 086 —21.71 2343 940
Male (n = 448) 34.48 13.66 5527 .001 24.72 487 4458 015 3741 943 6540 009 28.23 6.38 50.07 .011

The variables adjusted inthese models were maternal age, maternal education, marital status, family income and looking at books with the child at five years. Further adjustment was made

for maternal race: Aboriginal, Asian/other, or Caucasian, but these data are not shown due to small numbers in some groups.

aTest of between-subjects effects.

b Reference for predominant breastfeeding for =6 months was predominant breastfeeding for <6 months, for boys and for girls separately.

income in a wider range of categories
and did not find any differences in our
final conclusions.

Reading and looking at books with the
child at the ages of 3 and 5 years were
associated with improved mean
scores for reading and writing. Al-
though boys achieved improved
scores in mathematics compared with
girls after adjustment, the opposite
was true for reading, writing, and
spelling; girls achieved higher scores
in literacy than boys.

Table 5 lists the multivariable associa-
tions between predominant breast-
feeding for 6 months or longer and ed-
ucational outcomes at 10 years of age
separately for boys and girls. By look-
ing at boys and girls independently, we
found that predominant breastfeeding
for 6 months or longer was signifi-
cantly associated with increased
mathematics, reading, writing, and
spelling scores for boys, but no effect
of breastfeeding was apparent on the
educational attainment of girls for any
subject.

We found significant interactions for
mathematics (P = .007) and spelling
(P = .047), revealing that boys were
more likely than girls to have improved
academic scores if they were breast-
fed for a longer period (Fig 1). On aver-
age, boys had poorer numeracy and
literacy scores than girls; however, the
scores were improved if the child was
breastfed for 6 months or longer.
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DISCUSSION

Predominant breastfeeding for 6
months or longer was associated with
significantly higher scores for mathe-
matics, reading, and spelling in 10-
year-old children when adjusted for
the sociodemographic characteristics
of the mother and family and early
stimulation of the child. However, sig-
nificant interaction effects were
shown between gender and breast-
feeding. A longer duration of breast-
feeding remained predictive for aca-
demic achievement in 10-year-old boys
for mathematics and spelling; there
was a small but insignificant benefit
for reading in girls. Our results sug-
gest that breastfeeding duration is in-
dependently associated with better
educational outcomes in middle child-
hood, especially for boys.

Several prospective studies have re-
vealed that, after adjusting for confound-
ing variables, breastfed children had a
higher mean score of academic perfor-
mance in adolescence and adulthood®
than those who were not breastfed. Sim-
ilar results were reported for both term
and preterm infants.®'® Results of avail-
able meta-analyses, on the other hand,
reflect a less conclusive pattern of
breastfeeding effect on developmental
outcomes. A meta-analysis’ of studies
published up to 1996 revealed that
breastfed children had higher cognitive
scores compared with bottle-fed chil-
dren, although some studies adjusted
for few confounders. Another meta-

analysis'” revealed that only 2 studies
met stringent criteria for inclusion, such
as adequate adjustment for socioeco-
nomic status of the family and stimula-
tion of the child. Of these 2 studies, 1
revealed a positive association between
breastfeeding and intelligence, whereas
the other' found no benefit. The majority
of previous studies have focused on the
association between breastfeeding and
cognitive ability, and only a few have ex-
amined academic achievement. Where
academic achievement has been stud-
ied, positive associations have been ob-
served.3”'" For example, Richards et al?
found a positive impact of breastfeeding
on educational attainment in midlife, in-
dependent of early background in 1739
participants from the British 1946 birth
cohort. Additional analyses revealed that
the association was largely accounted
for by adolescent cognition and educa-
tional attainment.

Gender Differences

Only 1 previous study?' has examined
gender differences inthe association be-
tween breastfeeding and child develop-
ment. Breastfeeding was associated
with improved clarity of speech in boys
and girls but significantly more so in
boys, and better speech was associated
with improved reading ability. The effect
of breastfeeding on the development of
speech and reading in boys was re-
ported in a later follow-up, which sug-
gests that breastfeeding accelerates the
rate of maturation of boys.2'22 Inthe Dun-
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Interaction effects for boys and girls breastfed for =6 months compared with those breastfed for <6 months for educational outcomes. Shown are
interaction effects for boys and girls breastfed for 6 months or longer compared with those breastfed for less than 6 months for mathematics (P = .007),
reading (P = .353), writing (P=.108), and spelling (P = .047) scores, after adjustment for maternal age, maternal education, maternal race, marital status,
family income, and looking at books with the child at the age of 5 years. Error bars represent 1 SE of the mean.

edin Multidisciplinary Child Develop-
ment Study,? girls performed higher on
language and Peabody Picture Vocabu-
lary Test scores, which is consistent with
other studies that showed that girls
scored higher than boys on most tests,
but there were no significant gender dif-
ferences, a necessary condition for es-
tablishing an interaction effect. Signifi-
cant gender differences were observed
in the association between breastfeed-
ing and educational outcomes in our
study; therefore, in addition to multivari-
ate analysis, we analyzed our data ac-
cording to boys and girls separately.

The findings of our study suggest that
gender should be considered in expla-
nations ofthe link between breastfeed-
ing and neurocognitive development.
Male children are known to be more
vulnerable to adversity during critical
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periods than female children2* The
reasons for this vulnerability may re-
late to the neuroprotective effect of es-
tradiols,? which typically are at higher
concentrations in female children.
From this perspective, any neuropro-
tective role of breast milk, and the
downstream consequences for lan-
guage development, would have
greater benefits for male children.
Another possibility is that breast-
feeding exerts an influence on both
genders but in different ways. Re-
search with nonhuman primates has
found that male fetuses exposed to
prenatal maternal stress show a de-
crease in the size of the corpus cal-
losum, whereas female fetuses show
an opposite reaction.2627 A similar ef-
fect may exist with the neuroactive
role of breastfeeding.

A third proposal is that breastfeeding
has a positive effect on the mother-
child relationship and thereby facili-
tates bonding, interaction, and, indi-
rectly, cognitive growth. A number of
studies have revealed that male in-
fants are more reliant than female in-
fants on maternal attention and en-
couragement for the acquisition of
cognitive and language skills.82 |f
breastfeeding facilitates mother-child
interactions, then we would expect the
positive effects of this bond to be
greater in male children compared
with female children, as we observed.

Biological Mechanisms

An early study® revealed small but sig-
nificant increases in later ability and
attainment between breastfed and
formula-fed infants. Fergusson et al?
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combined male and female children
and tested for differences in intelli-
gence, comprehension, expression,
and articulation and found signifi-
cantly increased scores for intelli-
gence and comprehension at 3, 5, and
7years and expression at 3and 5 years
in infants who were breastfed for 4
months or longer. Quinn et al3' specu-
lated that the observed cognitive dif-
ferences between breastfed and
formula-fed infants observed in their
birth cohort of 3880 infants followed to
5 years were a result of the unique
constituents of breast milk.

Breastfeeding may influence chil-
dren’s academic achievement through
brain development and general health.
Nutrients in breast milk that are es-
sential for optimum brain growth,
such as long-chain polyunsaturated
fatty acids, may not be in formula
milk32  Long-chain polyunsaturated
fatty acids are structural elements of
cell membranes and essential in the
formation of new tissue, including neu-
rons. Makrides et al®¥ noted increased
docosahexaenoic acid (22:6n-3) con-
tent of the brain cortex with breast-
feeding. Breastfed infants had a
greater proportion of docosahexae-
noic acid in their erythrocytes and
brain cortex and scored better on vi-
sual and developmental tests than did
formula-fed infants. Crawford®* high-
lighted arachidonic acid (20:4n-6) and
docosahexaenoic acid as vital compo-
nents of breast milk that support de-
velopment of the newborn brain, and
the results of extensive research have
supported these findings.35-37

Strengths and Limitations

Our study had a number of strengths,
including the use of prospective preg-
nancy data and educational data col-
lected at 10 years. The study design
and large community sample, which
generated adequate statistical power
to measure the association between
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breastfeeding and educational out-
comes, were clear strengths of our
study. Breastfeeding data were col-
lected close to the period of breast-
feeding cessation, and a diary card
was maintained to improve this collec-
tion. Those children who had their ed-
ucational data linked to the Raine
cohort were likely to be more advan-
taged, and, although the loss of more
disadvantaged participants may have
affected the results of our study, the
original cohort overrepresented so-
cially disadvantaged women.'" There-
fore, this pattern of attrition may have
increased the extent to which our find-
ings can be generalized. Computer
simulations in which data from the
Avon Longitudinal Study of Parents and
Children were used have revealed that
selective dropout of cohort studies
only marginally affects regression co-
efficients, if participant selection oc-
curs according to the predictor vari-
able.®® Qurs is one of the few studies
that have shown that breastfeeding
has an independent effect on aca-
demic achievement.

We acknowledge that a limitation of
our study was that we could not di-
rectly adjust for maternal intelligence.
However, regardless of maternal 10Q,
the effect of nutrition on later child de-
velopment is plausible, and after ad-
justment for a range of factors the
breastfeeding effect remained. Two
other limitations of our study included
a lack of information on children who
attended nongovernment schools, as
well as academic achievement in nu-
meracy and literacy at other time
points, especially after grade 5. Chil-
dren who attended nongovernment
schools may have had higher WALNA
scores and been more likely to have
been breastfed than children who
were attending government schools,
but we cannot make these assump-
tions. We did not adjust for all possible
factors that may affect breastfeeding

duration, such as length of maternity
leave or partner support; however, we
did adjust for a range of socioeco-
nomic covariates as well as early stim-
ulation ofthe child at home. It is impor-
tant that future studies fill these gaps.

CONCLUSIONS

The positive effect of predominant
breastfeeding for 6 months or longer
on academic achievement can be
viewed as shifting the mean popula-
tion score upward, particularly for
boys. Our study adds to growing evi-
dence that breastfeeding for at least 6
months has beneficial effects on opti-
mal child development. Mothers
should be encouraged to breastfeed
for 6 months and beyond.
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