ORIGINAL ARTICLE

Breastfeeding and Child Cognitive Development

New Evidence From a Large Randomized Trial

Michael S. Kramer, MD; Frances Aboud, PhD; Elena Mironova, MSc; Irina Vanilovich, MD, MSc; Robert W. Platt, PhD;
Lidia Matush, MD, MSc; Sergei Igumnov, MD, PhD; Eric Fombonne, MD; Natalia Bogdanovich, MD, MSc;

Thierry Ducruet, MSc; Jean-Paul Collet, MD, PhD; Beverley Chalmers, DSc, PhD; Ellen Hodnett, PhD;

Sergei Davidovsky, MD, MSc; Oleg Skugarevsky, MD, PhD; Oleg Trofimovich, BSc; Ludmila Kozlova, BSc;

Stanley Shapiro, PhD; for the Promotion of Breastfeeding Intervention Trial (PROBIT) Study Group

Context: The evidence that breastfeeding improves cog-
nitive development is based almost entirely on observa-
tional studies and is thus prone to confounding by subtle
behavioral differences in the breastfeeding mother’s be-
havior or her interaction with the infant.

Objective: To assess whether prolonged and exclusive
breastfeeding improves children’s cognitive ability at age
6.5 years.

Design: Cluster-randomized trial, with enrollment from
June 17,1996, to December 31, 1997, and follow-up from
December 21, 2002, to April 27, 2005.

Setting: Thirty-one Belarussian maternity hospitals and
their affiliated polyclinics.

Participants: A total of 17 046 healthy breastfeeding in-
fants were enrolled, of whom 13 889 (81.5%) were fol-
lowed up at age 6.5 years.

Intervention: Breastfeeding promotion intervention
modeled on the Baby-Friendly Hospital Initiative by the
World Health Organization and UNICEF.

Main Outcome Measures: Subtest and IQ scores on
the Wechsler Abbreviated Scales of Intelligence, and

teacher evaluations of academic performance in read-
ing, writing, mathematics, and other subjects.

Results: The experimental intervention led to a large in-
crease in exclusive breastfeeding at age 3 months (43.3%
for the experimental group vs 6.4% for the control group;
P<.001) and a significantly higher prevalence of any
breastfeeding at all ages up to and including 12 months.
The experimental group had higher means on all of the
Wechsler Abbreviated Scales of Intelligence measures,
with cluster-adjusted mean differences (95% confi-
dence intervals) of +7.5 (+0.8 to +14.3) for verbal 1Q,
+2.9(-3.3to +9.1) for performance IQ, and +5.9 (-1.0
to +12.8) for full-scale 1Q. Teachers’ academic ratings
were significantly higher in the experimental group for
both reading and writing.

Conclusion: These results, based on the largest random-
ized trial ever conducted in the area of human lactation,
provide strong evidence that prolonged and exclusive
breastfeeding improves children’s cognitive develop-
ment.

Trial Registration: isrctn.org Identifier:
ISRCTN37687716
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MONG THE MOST CONSIS-

tently reported benefits of

breastfeeding in devel-

oped country settings have

been higher results on 1Q
tests and other measures of cognitive de-
velopment among children and adults who
had been breastfed compared with those
who were formula-fed. A meta-analysis by
Anderson et al' in 1999 reported consis-
tent IQ differences favoring breastfed over
formula-fed infants, with most differ-
ences in the 2- to 5-point range. Most of
the studies included in the meta-analysis
were observational in design and were car-
ried out in subjects who were born healthy
and at term, although a larger difference

of 8 points was reported by Lucas et al* in
follow-up of a randomized trial in pre-
term infants. Several of these studies dem-
onstrated a clear dose-response relation-
ship, with larger differences associated with
longer durations of breastfeeding. With
1 recent notable exception,’ studies pub-
lished since the meta-analysis have been
entirely consistent with these results and
conclusions.*?

Despite the robustness of the reported
findings, many observers remain uncon-
vinced about the cognitive benefits of
breastfeeding.'®!! As mentioned earlier, the
evidence is based almost entirely on ob-
servational studies. The beneficial effect
of breastfeeding is unlikely to be ex-
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plained by the higher socioeconomic status of breast-
feeding mothers because most studies have controlled sta-
tistically for socioeconomic differences. Some of the
studies have even controlled for maternal IQ, with most
studies reporting an attenuated but persistent and sig-
nificant effect.>” On the other hand, the benefits are likely
to be confounded by other, more subtle differences in the
mother’s behavior or her interaction with the infant. These
differences are extremely difficult to measure and virtu-
ally impossible to control for in observational studies.
The solution to these methodological problems is a
randomized controlled trial, but randomization to breast-
feeding vs artificial feeding is infeasible and probably un-
ethical. It is, however, both feasible and ethical to ran-
domize the participants to a breastfeeding promotion
intervention. One strategy would be to promote breast-
feeding initiation, but most women decide whether to
breastfeed early in or even before pregnancy and such a
strategy is therefore difficult with regard to both timing
and logistics. An alternative and more feasible strategy
is to promote breastfeeding exclusivity and duration
among those mothers who have already decided to ini-
tiate breastfeeding, with analysis by intention to treat. This
is the strategy we used in the Promotion of Breastfeed-
ing Intervention Trial (PROBIT), a cluster-randomized
trial in the Republic of Belarus.' In this article, we de-
scribe measures of cognitive development among chil-
dren enrolled in this trial and followed up at age 6.5 years.

- EEETEEES

The detailed methods of PROBIT and the results during the first
year of follow-up have been previously reported.'? The experi-
mental intervention was based on the Baby-Friendly Hospital
Initiative, which was developed by the World Health Organi-
zation and UNICEF to promote and support breastfeeding,"
particularly among mothers who have chosen to initiate breast-
feeding (>95% of mothers in Belarus during the period of re-
cruitment), while the control maternity hospitals and poly-
clinics continued the practices and policies in effect at the time
of randomization. The units (clusters) of randomization were
maternity hospitals and 1 affiliated polyclinic per hospital, with
double randomization based on both a random-numbers table
and a coin flip."* The trial results are based on a total of 17 046
healthy breastfed infants from 31 maternity hospitals and their
affiliated polyclinics; all of the infants were born from June 17,
1996, to December 31, 1997, at term, weighed at least 2500 g,
and were enrolled during their postpartum stay.'* To our knowl-
edge, PROBIT is the largest randomized trial ever undertaken
in the area of human lactation. It conforms to the recent Con-
solidated Standards of Reporting Trials recommendations'* for
the design, analysis, and reporting of cluster-randomized trials.

As previously reported,” the 2 randomized groups were simi-
lar in baseline sociodemographic and clinical variables, includ-
ing maternal age, education, number of other children at home,
the proportion of mothers who had breastfed a previous child
for at least 3 months, cesarean delivery, maternal smoking dur-
ing pregnancy, birth weight, gestational age, and 5-minute Ap-
gar score. The experimental intervention led to a substantial
difference in the duration of any breastfeeding that was main-
tained throughout the first year of follow-up: for the experi-
mental group vs the control group, 72.7% vs 60.0%, respec-
tively, were still breastfeeding at 3 months, 49.8% vs 36.1%,
respectively, were still breastfeeding at 6 months, 36.1% vs

24.4%, respectively, were still breastfeeding at 9 months, and
19.7% vs 11.4%, respectively, were still breastfeeding at 12
months. In addition, the prevalence of exclusive breastfeeding
(ie, no foods or liquids other than breast milk) was 7-fold higher
in the experimental group as compared with the control group
at 3 months (43.3% vs 6.4%, respectively), although it was low
in both groups at 6 months (7.9% vs 0.6%, respectively).'?

Follow-up interviews and examinations at age 6.5 years were
performed from December 21, 2002, to April 27, 2005, by 1
polyclinic pediatrician in each of 24 of the 31 polyclinics; in
the remaining 7 high-volume clinics, follow-up visits were shared
by 2 pediatricians. One of the components of these visits was
the administration of the Wechsler Abbreviated Scales of In-
telligence (WASI)."> The WASI consists of 4 subtests of the
Wechsler scales (vocabulary, similarities, block designs, and
matrices) and takes about 30 minutes to administer. The WASI
was translated from English to Russian and then back-
translated to ensure comparability of the Russian version. Ex-
tensive training and follow-up monitoring of the polyclinic pe-
diatricians were ensured by collaborating child psychologists
and psychiatrists in Minsk, Belarus. During a 1-week training
workshop held at a residential facility for school-aged chil-
dren near Minsk, high interpediatrician agreement was achieved
in a convenience sample of 45 children selected from this fa-
cility, with Pearson correlation coefficients (95% confidence
intervals [CIs]) of 0.80 (0.67 to 0.89) for vocabulary, 0.72 (0.54
to 0.83) for similarities, 0.80 (0.67 to 0.89) for block designs,
and 0.79 (0.66 to 0.88) for matrices.

Children who had begun school by the time of their 6.5-
year follow-up visit were also evaluated by their teachers in 4
academic subject areas: reading, writing, mathematics, and other
subjects. Based on items in the Teacher Report Form of the Child
Behavior Checklist,'® each child was rated on a 5-point Likert
scale as far below, somewhat below, at, somewhat above, or far
above his or her grade level. The teachers were blind to the chil-
dren’s treatment status.

Because blinding of pediatricians to the experimental vs con-
trol group assignment was infeasible, 5 children per pediatri-
cian (n=38) were randomly selected for audit, for a total of 190
audited children. For all of the children seen in follow-up to
be eligible for selection, the audit was carried out after pri-
mary data collection had been completed, an average of 17.7
months (range, 5.3 to 32.6 months) after the initial clinic visit.
The audit WASI test was administered by 1 of our collaborat-
ing Minsk-based child psychologists or psychiatrists (E.M., S.I.,
S.D., 0.S., O.T., or L.K.), all of whom were blind to both the
child’s treatment allocation and the WASI measures obtained
at the initial clinic visit. Because of the time elapsed between
the audit and initial polyclinic visits, results were compared using
Pearson correlation coefficients.

All of the statistical comparisons were based on intention to
treat. Differences in outcome between the experimental and con-
trol groups were analyzed using the MIXED procedure in SAS
version 8.2 statistical software (SAS Institute, Inc, Cary, North
Carolina). This procedure accounts for the clustered random-
ization, thus permitting inference at the level of the individual
child rather than at the level of the cluster (maternity hospital
and polyclinic). For analysis of the teachers’ academic ratings,
the model also accounted for clustering of teachers within the
hospital and polyclinic clusters. Unless otherwise indicated, the
modeled differences presented in the “Results” section are based
on these models adjusted for clustering only. However, they are
very similar to those obtained from sensitivity analyses that also
adjusted for stratum-level variables, including geographic re-
gion (west vs east) and urban vs rural location, as well as the
following individual-level covariates: age at follow-up, sex, birth
weight, and both maternal and paternal education (results avail-
able on request). Missing data were not imputed.
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Table 1. Baseline Comparison of Children Followed Up
at Age 6.5 Years in Experimental vs Control Groups
Experimental  Control
Group? Group?
Variable (n=7108) (n=6781)
Maternal age, y
<20 14.3 13.2
20-34 81.4 82.6
=35 43 4.2
Maternal education
Incomplete secondary 44 3.0
Complete secondary 34.3 29.7
Advanced secondary or partial university 47.8 54.5
Complete university 13.5 12.9
Older children living in household, No.
0 58.8 54.5
1 33.3 36.1
=2 7.9 9.4
Maternal smoking during pregnancy 2.6 1.6
Male child 51.4 52.0
Birth weight, mean (SD), g 3440 (418) 3441 (423)

aValues are expressed as percentages unless otherwise indicated.

Table 2. Pearson Correlations of Wechsler Abbreviated
Scales of Intelligence Audit Results With Original
Polyclinic Results for the 190 Audited Children

Cognitive Measure r (95% CI)

Vocabulary 0.59 (0.48 t0 0.67)
Similarities 0.56 (0.45 1o 0.65)
Block designs 0.68 (0.59 t0 0.75)
Matrices 0.63 (0.54 10 0.71)
Verbal 1Q 0.62 (0.52 to 0.70)
Performance 1Q 0.71 (0.63 t0 0.77)
Full-scale 1Q 0.70 (0.62 to 0.76)

Abbreviation: Cl, confidence interval.

- EEETTEE

A total of 13889 children were seen in follow-up for
PROBIT II, representing 81.5% of the 17 046 children origi-
nally randomized. Of the 3157 children randomized but
not followed up, 88 had died, 2938 were lost to follow-
up, and 131 were unable or unwilling to come for their
PROBIT 11 visit. Follow-up rates were similar in the ex-
perimental (80.2%) and control (82.9%) polyclinics but
varied considerably by polyclinic: from 56.1% at one of
the Minsk polyclinics to 94.6% at Klimovichi, a small, rural-
based polyclinic. As shown in Table 1, the children fol-
lowed up in the experimental and control groups were simi-
lar in baseline characteristics, with small differences
paralleling those seen (and previously reported'?) at ran-
domization. The mean (SD) ages at follow-up were nearly
identical in the experimental and control groups: 6.7 (0.3)
and 6.6 (0.2) years, respectively.

The audit results for the WASI are shown in Table 2.
The Pearson correlation coefficients for comparing the
test results at the initial clinic visit and those at the au-

dit were high, particularly considering differences in the
tester (pediatrician vs auditing psychologist or psychia-
trist), the 18-month average time between the 2 admin-
istrations of the test, and the fact that most of the chil-
dren were in school and thus may have experienced
differences in rates of cognitive development due to varia-
tions in school instruction and environment.

Table 3 shows the results of the WASI tests as as-
sessed by the polyclinic pediatricians, including the num-
ber of children who completed each subtest and had cal-
culable 1IQ measures, the crude individual-based means
(standard deviations) in the experimental and control
groups, the intraclass correlation coefficients reflecting the
degree of within-polyclinic clustering, and the cluster-
adjusted differences in means (95% Cls). The results dem-
onstrated a high degree of clustering, with intraclass cor-
relation coefficients in the 0.2 to 0.3 range, largely reflecting
systematic differences in means among the 31 polyclin-
ics. The consequence of this clustering was wide Cls around
the adjusted differences. Nonetheless, the cluster-
adjusted means on the 2 verbal subtests, vocabulary and
similarities, were about 5 points higher in the experimen-
tal group; both differences were statistically significant.
Smaller, nonsignificant differences in the same direction
were observed for the nonverbal subtests (block designs
and matrices). The cluster-adjusted difference in verbal 1Q
was 7.5 points higher, and statistically significantly higher,
in the experimental group. The performance IQ also fa-
vored the experimental group, but the cluster-adjusted dif-
ference (2.9 points) was smaller and statistically nonsig-
nificant. The cluster-adjusted difference in full-scale IQ (5.9
points) was of intermediate magnitude.

As would be expected from the audit correlations
(Table 2), the auditors also rated children in the experi-
mental group higher than those in the control group on all
of the WASI tests and subtests. All of the differences fa-
vored the experimental group. The crude individual-
based means for the experimental group vs the control group
were 51.7 vs 50.6, respectively, for vocabulary, 54.2 vs 51.2,
respectively, for similarities, 55.9 vs 53.7, respectively, for
block designs, and 50.2 vs 48.9, respectively, for matrices,
with means of 105.2 vs 102.1, respectively, for verbal 1Q,
105.2vs 102.6, respectively, for performance I1Q, and 105.7
vs 102.6, respectively, for full-scale IQ. After accounting
for the clustered randomization, the differences in means
were of smaller magnitude than those seen in the test re-
sults from the pediatricians (mean differences [95% Cls],
+2.8[-3.2to +8.8] for verbal IQ, +2.9 [-3.1 to +8.9] for
performance IQ, and +3.1 [-2.9 to +9.2] for full-scale IQ).

As mentioned earlier, wide differences were observed
in the mean WASI scores among the 31 polyclinics. We
therefore carried out a sensitivity analysis by comparing
the WASI results after excluding those polyclinics (n=12)
with mean full-scale IQ scores greater than 110 or less
than 90. The results continued to favor the experimental
group, but with narrower Cls and verbal and perfor-
mance 1Q differences of similar magnitude (mean dif-
ferences [95% Cls], +4.7 [0 to +9.4] for verbal IQ, +4.0
[+0.6 to +7.4] for performance IQ, and +4.9 [+1.1 to
+8.6] for full-scale 1Q).

Although no sex-specific differences in effects of breast-
feeding were hypothesized a priori, we observed slightly
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Table 3. Wechsler Abbreviated Scales of Intelligence Results

Score, Mean (SD)

I
Experimental Group

1
Control Group

Cluster-Adjusted Mean Difference

Outcome ICC (95% ClI)
Vocabulary (n=13 838) 53.5 (11.6) 46.9 (11.4) 0.28 +4.9 (+0.4 to +9.3)
Similarities (n=13 836) 56.6 (9.9) 50.7 (11.7) 0.29 +4.6 (+0.2to +9.0)
Block designs (n=13840) 57.2 (9.4) 54.6 (10.3) 0.21 +1.9 (-1.7 to +5.5)
Matrices (n=13 841) 52.8 (10.1) 50.9 (9.9) 0.20 +1.8 (-1.9t0 +5.5)
Verbal 1Q (n=13 828) 108.7 (16.4) 98.7 (16.0) 0.31 +7.5 (+0.8to +14.3)
Performance 1Q (n=13 836) 108.6 (15.1) 104.8 (15.4) 0.24 +2.9(-3.3t0 +9.1)
Full-scale 1Q (n=13 824) 109.7 (15.4) 101.9 (15.8) 0.31 +5.9 (-1.0to +12.8)
Abbreviations: Cl, confidence interval; ICC, intraclass correlation coefficient.
Table 4. Teacher Ratings of Academic Performance

Rating, Mean (SD)

T ] Cluster-Adjusted Mean Difference

Outcome Experimental Group Control Group ICC (95% ClI)
Reading (n=10406) 3.26 (0.82) 3.19 (0.80) 0.02 +0.07 (-0.01 to +0.16)
Writing (n=10569) 3.19(0.78) 3.13(0.73) 0.02 +0.08 (-0.03 to +0.17)
Mathematics (n=10778) 3.23 (0.79) 3.20 (0.77) 0.02 +0.06 (-0.04 to +0.15)
Other subjects (n=10474) 3.30 (0.66) 3.27 (0.65) 0.02 +0.05 (-0.04 to +0.13)

Abbreviations: Cl, confidence interval; ICC, intraclass correlation coefficient.

higher treatment effects in boys for verbal 1Q (8.0 points
for boys vs 7.0 points for girls) but not for performance
1Q (2.9 points for boys vs 3.0 points for girls); the dif-
ferences for full-scale IQ were 6.1 points for boys vs 5.7
points for girls. Formal tests of interaction in mixed mod-
els including both boys and girls revealed no statisti-
cally significant sex differences in intervention effects.
Table 4 shows the results of the teacher ratings, in-
cluding the number of ratings for each subject, the crude
individual-based means (standard deviations) in the ex-
perimental and control groups, the intraclass correla-
tion coefficients, and the cluster-adjusted differences in
means (95% Cls). Ratings were completed for about 75%
of the children; most of those without a rating had not
yet begun school by the time of follow-up. Mean ratings
were slightly above 3, ie, slightly above grade level, for
all 4 of the academic subjects in both groups. For each
academic subject, however, the mean score was slightly
higher in the experimental group, with larger differ-
ences for reading and writing. Clustering was low and
similar for all 4 of the subject areas. The full, covariate-
adjusted models had no effect on the point estimates but
improved the precision of the estimated treatment ef-
fects; the differences favoring the experimental group were
+0.07 (95% CI, +0.004 to +0.14) for reading and +0.08
(95% CI, +0.01 to +0.15) for writing. The teacher rat-
ings were moderately and highly significantly associ-
ated with the WASI scores (all P<.001), with Pearson
correlation coefficients ranging from 0.20 to 0.32.
Finally, we explored whether the higher WASI scores
and teacher academic ratings observed in the experimen-
tal group were paralleled by similar differences accord-
ing to breastfeeding duration and exclusivity, irrespec-

tive of randomized treatment allocation and ignoring
within-polyclinic clustering. Higher WASI scores were
observed with both increased duration of any breastfeed-
ing and with increased duration of exclusive breastfeed-
ing. Exclusive breastfeeding for 3 to less than 6 months
was associated with a higher verbal 1Q by 4.7 (95% CI,
4.0 to 5.3) points compared with exclusive breastfeed-
ing for less than 3 months. Exclusive breastfeeding for 6
months or more was associated with an increase of 5.2
(95% CI, 3.7 to 6.7) points. The effects on performance
IQ were 1.2 (95% CI, 0.6 to 1.8) points for 3 to less than
6 months of exclusive breastfeeding and 2.1 (95% CI, 0.8
to 3.5) points for 6 or more months of exclusive breast-
feeding, and the effects on full-scale IQ were 3.3 (95%
CI, 2.7 t0 4.0) and 4.2 (95% CI, 2.8 to 5.0) points, re-
spectively. For the teachers’ academic ratings, statisti-
cally significant increases were observed for exclusive
breastfeeding for 3 to less than 6 months for all 4 of the
subject areas, ranging from 0.03 for other subjects to 0.06
for writing, but the increases were nonsignificant for ex-
clusive breastfeeding for 6 months or more.

B COMMENT By

Our results, based on the largest randomized trial ever
conducted in the area of human lactation, strongly sug-
gest that prolonged and exclusive breastfeeding im-
proves cognitive development as measured by IQ and
teachers’ academic ratings at age 6.5 years. High inter-
pediatrician variability in the WASI 1Q results, how-
ever, led to wide Cls around the observed IQ differences
(and thus to considerable uncertainty about the true mag-
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nitude of the observed effects) and to statistical nonsig-
nificance of differences in the nonverbal subtests and per-
formance IQ. Although this variability may be partly due
to differences in the socioeconomic attributes or genetic
endowment of parents living in different regions or com-
munities or to differences in fluency in Russian (some
children spoke Belarussian, or even Polish, at home), sys-
tematic pediatrician-specific variation in test adminis-
tration or scoring probably also contributed. The re-
sults of our audit and sensitivity analyses, however, suggest
that the overall direction of the observed differences is
robust.

We found larger effects on verbal measures than on
performance measures, both on the WASI and the teach-
ers’ ratings. However, the imprecision (wide Cls) in our
effect estimates suggests the need for caution in infer-
ring a selective effect on verbal cognitive development,
especially in light of the absence of such a trend in our
audit and sensitivity analyses and the mixed results re-
ported from observational studies.*”

Although our findings confirm those of most previ-
ous observational studies,"**? the negative results re-
cently reported by Der et al’ merit more detailed discus-
sion. They found that the positive association between
breastfeeding and child IQ was no longer significant af-
ter controlling for the mother’s cognitive ability. Several
other observational studies that controlled for maternal
IQ, however, have reported a persistent, albeit attenu-
ated, benefit of breastfeeding on child I1Q.'” In a random-
ized trial like PROBIT, maternal (and paternal) IQ should
be distributed randomly between the treatment groups,
as demonstrated for measured baseline characteristics
(Table 1), and thus should not confound the treatment
effect. Der and colleagues also reported a between-
sibling comparison, but such a comparison assumes that
the mother’s choice of how she feeds successive siblings
is random. The decision to bottle-feed an infant after
breastfeeding a previously born child is likely to reflect
an unsatisfactory breastfeeding experience with the ear-
lier child. If the order is reversed (ie, the mother at-
tempts to breastfeed after bottle-feeding her previous in-
fant), the mother lacks the experience of having already
successfully breastfed, and the previous bottle-feeding ex-
perience may be a marker for a lesser commitment or abil-
ity to breastfeed.

The major limitation of our study is the fact that the
pediatricians who administered the WASI were aware of
(ie, were not blinded to) the experimental vs control in-
tervention status of the children they examined. As pre-
viously reported,'? pediatricians from the polyclinics that
were randomized to the experimental intervention con-
tributed themselves to the intervention by supporting and
encouraging exclusive and prolonged breastfeeding fol-
lowing the infant’s discharge from the maternity hospi-
tal. Even if other pediatricians from the polyclinic had
carried out the follow-up assessments, they would have
known about the intervention (and probably changed their
own practices accordingly) and thus would also have been
aware of the experimental vs control status of their own
polyclinic. Unfortunately, it was infeasible for both geo-
graphic and economic reasons to have pediatricians work-
ing at one polyclinic examine children enrolled in other

polyclinics. This was much less of a problem for the teach-
ers’ ratings because clustering was far less for the teacher
ratings (4038 teachers vs 31 polyclinics). Nonetheless,
all of the study pediatricians were trained, monitored, and
audited in their administration of the WASI, which it-
self provides clear and unambiguous instructions for test-
ing and scoring. Moreover, the fact that no beneficial treat-
ment effects were observed for other outcomes (eg, blood
pressure and skinfold thicknesses,'” allergies and asthma,'®
dental caries," or child behavior®) equally subject to ran-
dom and/or systematic measurement error provides some
reassurance that the WASI assessments were unbiased.

Even more reassuring, however, are the differences in
the WASI results obtained by the auditing child psy-
chologists and psychiatrists, who were blinded both to
treatment allocation and to the WASI results at the ini-
tial clinic visit, and in the teachers’ blinded assessments
of the children’s academic performance. Although the
sample size for the blinded audit of the WASI was clearly
insufficient in and of itself to detect modest treatment
effects, the smaller differences observed in the audit IQ
results and in the teachers’ blinded assessments should
be free of systematic bias due to nonblinding and may
provide a closer estimate of the true treatment effect. Our
observational analyses revealed benefits in IQ with more
prolonged and exclusive breastfeeding, although the mag-
nitude of the benefits was somewhat smaller than the dif-
ferences between the randomized treatment groups, again
suggesting some overestimation of the treatment effect.
It is also important to emphasize, however, that the true
effect of the experimental intervention will systemati-
cally underestimate the causal effect of prolonged and ex-
clusive breastfeeding because the substantial overlap of
breastfeeding behaviors in the experimental and con-
trol groups dilutes the real (but immeasurable) effects
of those behaviors.

Even though the treatment difference appears causal,
it remains unclear whether the observed cognitive ben-
efits of breastfeeding are due to some constituent of breast
milk or are related to the physical and social interac-
tions inherent in breastfeeding. Concentrations of es-
sential long-chain polyunsaturated fatty acids are higher
in human milk than in infant formula. Randomized trials
of supplementation of infant formula with long-chain
polyunsaturated fatty acids, however, have yielded in-
consistent results in both term?' and preterm?** infants.
Another potentially important component of breast milk
that could be responsible for the observed cognitive dif-
ferences is insulinlike growth factor I, which is con-
tained in higher concentration in breast milk than in for-
mula® and has been shown to be absorbed intact across
the newborn infant’s gastrointestinal tract.**

On the other hand, studies showing long-term epige-
netic behavioral effects of licking and grooming by mother
rats of their pups® suggest that the physical and/or emo-
tional act of breastfeeding might also lead to permanent
physiologic changes that accelerate neurocognitive de-
velopment. Finally, it is possible that the increased fre-
quency and duration of maternal-infant contact implicit
in breastfeeding vs bottle-feeding could increase verbal
interaction between mother and infant, which might also
have a stimulatory effect on cognitive development.
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Irrespective of the mechanism, our experimental re-
sults confirm the cognitive benefits of prolonged and ex-
clusive breastfeeding reported in observational studies.
Although breastfeeding initiation rates have increased sub-
stantially during the last 30 years, much less progress has
been achieved in increasing the exclusivity and dura-
tion of breastfeeding.** Because protection against in-
fections in developed country settings does not have the
life-and-death implications for infant and child health that
it does in less-developed settings, cognitive benefits may
be among the most important advantages for breastfed
infants in industrialized societies. The consistency of our
findings based on a randomized trial with those re-
ported in previous observational studies should prove
helpful in encouraging further public health efforts to pro-
mote, protect, and support breastfeeding.
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