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10-year Cognition in Preterms After Random
Assignment to Fatty Acid Supplementation in Infancy

WHAT’S KNOWN ON THIS SUBJECT: Systematic reviews of
preterm infant formula supplementation with long-chain
polyunsaturated fatty acids have found no cognitive effects up to
2 years of age. To date, however, studies that examined general
and specific cognition�9 years after early supplementation have
not been published.

WHAT THIS STUDY ADDS: No cognitive differences were found at
10 years between randomized groups. Planned gender analyses,
however, revealed benefits for girls in literacy measures.
Furthermore, supplementation for infants who received formula as
their sole diet produced advantages in several cognitive measures.

abstract
OBJECTIVE: To test the hypothesis that long-chain polyunsaturated fatty
acid (LCPUFA) supplementation in infancy would improve cognition into
later childhood (after 9 years) at both general and specific levels.

METHODS: A comprehensive cognitive battery was completed by 107
formerly preterm infants (mean age: 128 months). As infants, they had
been assigned randomly to receive LCPUFA-supplemented (N� 50) or
control (N � 57) formula, between birth and 9 months; the docosa-
hexaenoic acid level (DHA) in the supplemented formulas was 0.5%. In
addition to randomized comparisons, we planned supplementary anal-
yses to examine the effects of both gender and feeding group (those
receiving some maternal breast milk versus those receiving none).

RESULTS: There were no significant differences between randomized
diet groups on any cognitive measure. There was significant interac-
tion between gender and supplementation; girls only showed benefi-
cial effects of LCPUFAs on literacy. Significant interaction also occurred
between feeding group and supplementation; increases of 0.7 SD in
verbal IQ, full-scale IQ, and memory scores were found for the LCPUFA
group, but only for infants who received only formula and no maternal
breast milk.

CONCLUSIONS: The results of this post–9-year cognitive follow-up
study in a randomized trial of LCPUFA-supplemented formula for pre-
term infants suggest no overall group effects but indicate that gender-
specific and diet-specific effects may exist. The data provide some
evidence that LCPUFAs are a key factor in the cognitive benefits of
breast milk. Caution is advised in data interpretation because of the
small groups used. Pediatrics 2011;128:e890–e898

AUTHORS: Elizabeth B. Isaacs, PhD,a Sarah Ross,
DClinPsy,a Kathy Kennedy, MSc,a Lawrence T. Weaver, MD,
DSc,b Alan Lucas, MD,a and Mary S. Fewtrell, MDa

aMedical Research Council Childhood Nutrition Research Centre,
University College London Institute of Child Health, London,
England; and bDepartment of Child Health, Faculty of Medicine,
University of Glasgow, Glasgow, Scotland

KEY WORDS
long-chain polyunsaturated fatty acids, randomized trial,
preterm, long-term outcome, cognition, gender effects,
breastfeeding

ABBREVIATIONS
LCPUFA—long-chain polyunsaturated fatty acid
VIQ—verbal IQ
FSIQ—full-scale IQ
BSID-II—Bayley Scales of Infant Development II
CMS—Children’s Memory Scale
DHA—docosahexaenoic acid

www.pediatrics.org/cgi/doi/10.1542/peds.2010-3153

doi:10.1542/peds.2010-3153

Accepted for publication Jun 28, 2011

Address correspondence to Elizabeth B. Isaacs, PhD, Childhood
Nutrition Research Centre, UCL Institute of Child Health, 30
Guilford St, London WC1N 1EH, United Kingdom. E-mail: e.isaacs@
ich.ucl.ac.uk

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2011 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: Drs Lucas and Fewtrell have received
research funding and performed advisory work for infant
feeding manufacturers, and Dr Weaver is a member of the
Infant and Toddler Forum, an educational charity funded by
Danone. Drs Isaacs, Ross, and Kennedy have indicated they have
no financial relationships relevant to this article to disclose.

COMPANION PAPER: A companion to this article can be found on
page e880, and online at www.pediatrics.org/cgi/doi/10.1542/
peds.2010-1633.

e890 ISAACS et al
 at Asoc Espanola De Pediatria on December 26, 2011pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


There has been considerable interest
in the role of long-chain polyunsatu-
rated fatty acids (LCPUFAs) in the de-
velopment of visual and cognitive func-
tioning.1–3 Three key hypotheses
underpin this research, as follows. (1)
Formula-fed infants, especially pre-
term infants, cannot synthesize LCPUFAs
adequately for optimal neurodevelop-
ment and need a dietary supply. (2)
The absence of LCPUFA supplementa-
tion in previous formulas contributed
to lower cognitive scores observed for
formula-fed versus breastfed infants.
(3) Supplementation of infant formu-
las with LCPUFAs improves cognitive
development.

Despite some inconsistencies, data
from numerous studies on the effects
of LCPUFA supplementation of infant
formulas on development4–6 have
driven a major public health interven-
tion, whereby LCPUFAs are added to
most formulas for the large majority of
Western infants who consume formula
at some point during infancy. However, 2
systematic reviews of 29 randomized
controlled trials studying the effects of
LCPUFAs for term7 and preterm8 infants
concluded that there was no consistent
effect of formula supplementation with
LCPUFAs on cognition or visual function.

There were 2 important shortcomings
in the trial results reviewed. First, the
majority of studies focused on overall
cognition, particularly general mea-
sures of mental and psychomotor de-
velopment from the Bayley Scales of
Infant Development II (BSID-II).9 Groups
that score the same on overall cogni-
tive function tests may still demon-
strate significant differences in spe-
cific aspects of cognition, however,
and it is important to test for such dif-
ferences, as pointed out by Cheatham
et al.10 Although some studies looked
for specific effects,11 most did not. Sec-
ond, the randomized trials reviewed by
Simmer et al7,8 examined mainly chil-
dren younger than 2 years and no chil-

dren aged 4 years or older. To date,
few data have been obtained from
follow-up studies into later childhood
(�10 years),12 particularly pertaining
to specific cognitive functions. Some
functions, such as literacy and nu-
meracy, are unquantifiable in young
children, and any selective influence of
LCPUFAs on those functions could not
be have been detected.

Here, we administered a detailed cog-
nitive battery at 10 years to members
of a preterm cohort who had been as-
signed randomly to receive LCPUFA-
supplemented formula or control for-
mula between birth and 9 months of
age. Weaimed to test thehypothesis that
early LCPUFA administration would have
a long-term(ie,�10-year)programming
effect on neurodevelopmental out-
comes, providing evidence to help un-
derpin public health practice in this
much-studied area of infant nutrition.

METHODS

Original Trial Intervention

To summarize the original trial,13 pre-
term infants without congenital mal-
formations with neurodevelopmental

consequences, with birth weights of
�2000 g, and with gestational ages of
�35 weeks were recruited from NICUs
between 1995 and 1997. Infants who
were receiving at least some feedings
as formula milk during hospitalization
were assigned (through random per-
muted block allocation) to receive a
LCPUFA-supplemented formula or a
control formula, up to 9 months after
term; preterm infant formula was
used until discharge, followed by a
nutrient-enriched postdischarge for-
mula (see Tables 1 and 2 for details on
the formulas). The DHA content of 0.5%
in the supplemented formula (from
borage and tuna oils) was high, com-
pared with the level of 0.32 � 0.22%
reported as a worldwide mean for hu-
man breast milk14 and the level of 0.3%
typically added to preterm formulas.
The infants were monitored inten-
sively in the NICU by research nurses,
who collected data on clinical prog-
ress, and made home visits after dis-
charge. The primary cognitive efficacy
outcome was neurodevelopment at
corrected age of 18 months, as mea-
sured with the BSID-II.9 Because moth-

TABLE 1 Nutrient Compositions of Trial Formulas13

Preterm Infant Formulasa Postdischarge Formulas

Protein, g/100 mL 2.0 1.85
Casein, g/100 mL 0.77 0.72
Whey, g/100 mL 1.23 1.13
Carbohydrate, g/100 mL 7.65 7.24
Fat, g/100 mL 4.6 3.96
Energy
kJ/100 mL 334 301
kcal/100 mL 80 72
Minerals
Calcium, mg/100 mL 110 70
Phosphorus, mg/100 mL 63 35
Sodium, mg/100 mL 42 22
Potassium, mg/100 mL 72 78
Iron, mg/100 mL 0.04 0.65
Zinc, mg/100 mL 0.88 0.6
Vitamins
A, �g/100 mL 100 100
D3, �g/100 mL 2.4 1.3
K, �g/100 mL 7.0 6.0
E, mg/100 mL 10 1.5
Carnitine, mg/100 mL 1.0 1.1
Choline, mg/100 mL 5.6 5.1
a Values apply to both control and LCPUFA-supplemented formulas.
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ers often provided breast milk in addi-
tion to formula, a prior decision was
made to group the infants according to
whether the trial formula was the sole
diet or a supplement to maternal
breast milk.

Ten-Year Follow-up Study

Subjects

All surviving children from the original
study were approached regarding par-
ticipation, with ethics approval from
the local research ethics committee.
One hundred seven children (51 boys
and 56 girls) were seen at a mean age
of 128 months (range: 113–147
months); 57 children (26 boys and 31
girls) were originally assigned ran-
domly to the control formula group
and 50 (25 boys and 25 girls) to the
supplemented formula group (Fig 1).
Participants were seen at a children’s
hospital or at home for detailed cogni-
tive assessment. Anthropometric, body
composition, and blood pressure mea-
surements were reported sepa-
rately.15 Maternal education was
scored on a 5-point scale ranging from
1 (no educational qualifications) to
5 (degree/further training). Social
codes ranged from 1 (high) to 7 (low).
Written informed consent was ob-
tained from the parent/guardian, and
assent was obtained from the child. A
sample size of 64 children per ran-
domly assigned group (follow-up rate
of 66%) would allow detection of a
0.5-SD difference in outcome variables
with 80% power and 5% significance.
The number we recruited at age 10

represented a rate of 45%, which was
powered to detect a 0.6-SD difference.

Cognitive Measures

Testing
Tests were administered by 1 re-

searcher, who was blinded to formula
allocation. The most global score for
any test was used as themain outcome
measure. Any significant difference be-
tween groups in a main outcome mea-
sure was explored further through ex-
amination of subtest scores.

Intelligence
The Wechsler Abbreviated Scale of

Intelligence16 provided measures of
verbal IQ (VIQ) (vocabulary and simi-
larities subtests), performance IQ (ma-
trix reasoning and block design sub-
tests), and full-scale IQ (FSIQ) (all 4
subtests).

Neuropsychological Assessment
The Neuropsychological Test for

Children,17 a standardized neuropsy-
chological assessment, provided scores
for memory and language domains. The
tower subtest from the attention/execu-
tive domain also was administered.

Additional Memory Measure
Because hippocampal function in

particular has been associated with
LCPUFA status,18 we included a test of
association learning (for which the
hippocampus is thought to be impor-
tant19), namely, the word pairs subtest

TABLE 2 Fatty Acid Compositions of Trial Formulas13

Fatty Acid Composition, g/100 g Fat

Control Formulasa LCPUFA-Supplemented Formulas

C18:2, n-6, linoleic acid 11.5 12.3
C18:3, n-6, �-linoleic acid Trace 0.9
C18:3, n-3, �-linoleic acid 1.6 1.5
C20:5, n-3, eicosapentaenoic acid 0.0 0.1
C22:6, n-3, docosahexaenoic acid 0.0 0.5
C20:4, n-6, arachidonic acid 0.0 0.04
a Values apply to both preterm and postdischarge formulas.

Birth weight ≤ 2000 g 
Gestation < 35 wk 

n = 238 

Randomized 

Control      LCPUFA-supplemented 
n = 116                                                                              n = 122 

Stopped using formula
n = 25                                                                                n = 9
Withdrew
n = 1                                                                                  n = 1
Died
n = 1

Seen 9 mo after delivery

n = 103                                                                              n = 113 

Seen 18 mo after delivery

n = 93                                                                                n = 106 

Seen at 10 y

n = 57                                                                                n = 50 
52 seen at 18 mo      48 seen at 18 mo

FIGURE 1
Flow chart of progress through the study.
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from the Children’s Memory Scale
(CMS).20

Academic Attainments
The Wechsler Individual Achieve-

ment Test, Second UK Edition,21 mea-
sured attainments in numeracy (nu-
merical operations subtest), literacy
(word reading and pseudoword de-
coding), and spelling.

Attention
The Test of Everyday Attention for

Children22 measures aspects of visual
and auditory attention. We used Sky
Search (selective/focused attention),
Score! (sustained attention), Sky
Search DT (sustained/divided atten-
tion), Creature Counting, and Opposite
Worlds (attentional control/switching).

Executive Function
We used the Behavioural Assess-

ment of the Dysexecutive Syndrome for
Children23 because of a reported asso-
ciation between LCPUFA status and ex-
ecutive function.24,25

Statistical Analyses

Primary Analyses

Group comparisons for baseline char-
acteristics were performed for (1)
those seen versus those not seen at
the follow-up evaluation and (2) ran-
domly assigned diet groups. The 2 ran-
domly assigned diet groups then were
compared with respect to the main
outcome measures by using t tests.

Preplanned Supplementary Analyses

Comparisons were performed (1) for
each feeding group (formula as the
sole diet or as a supplement to mater-
nal breast milk) and (2) within each
gender. We used analysis of variance
to test for dietary interactions within
each comparison, to provide addi-
tional evidence of any causal subgroup
effect.

RESULTS

General Characteristics

Table 3 presents baseline data for chil-
drenwhowere seen versus not seen at
the 10-year follow-up evaluation. Chil-
dren who were seen had significantly
lower gestational ages and were more
likely to have receivedmaternal breast
milk, but there were no significant dif-
ferences in socioeconomic factors be-
tween these groups. Table 4 presents
characteristics of the 2 randomly as-
signed diet groups at 10 years of age
and shows a significant difference in
social code values.

Primary Analyses of Whole Group

Cognitive measures for the randomly
assigned groups were compared by
using t tests; data are presented in Ta-
ble 5. Differences between the control
and supplemented formula groups
with respect to general and specific
cognitive outcomes were small
(rarely exceeding 0.3 SD), and none
reached a significance level of P �
.05. Because of social code differ-
ences reported above, all analyses
were repeated with the use of that

factor as a covariate, but the pattern
remained the same.

Planned Supplementary Analyses
According to Feeding Group

The diet for 39 children consisted
solely of the trial formulas (control for-
mula: 23 children; supplemented for-
mula: 16 children). Another 68 children
received some breast milk during
their hospital stays, in addition to the
randomly assigned formula used to
meet volume requirements (control
formula: 34 children; supplemented
formula: 34 children); the mean pro-
portion of breast milk in the diet dur-
ing hospitalization was 29% (control
formula: 28%; supplemented formula:
29%). Table 6 presents characteristics
according to diet group; there was a
significant difference in social codes
between diet groups among those who
received formula only. We conducted a
nonrandomized comparison between
the diet groups within each feeding
group and then analyses controlling
for social code, because of this group
difference, and formaternal education
in case of residual confounding.

TABLE 3 Baseline Characteristics for Children Seen or not Seen at 10-Year Follow-up Evaluation

Seen (n� 107) Not Seen (n� 131) P

Birth weight, mean� SD, g 1485� 352 1509� 318 .58
Gestational age, mean� SD, wk 30.8� 2.2 31.3� 1.9 .03
Duration of ventilation, mean� SD, d 5.1� 5.4 6.4� 7.9 .39
Social class 1 or 2, n (%)a 25 (23) 29 (22) .48
Mother has higher vocational qualification/degree, n (%) 4 (4) 7 (5) .40
Received maternal breast milk, n (%) 68 (64) 62 (47) .01
Proportion of enteral intake as maternal breast milk,
mean� SD, %

28.8� 31.1 21.9� 23.6 .15

a Highest 2 categories (of 7).

TABLE 4 Comparison of Randomized Diet Groups at 10-Year Follow-up Evaluation With Respect to
Perinatal and Social Variables

Control (n� 57) Supplemented (n� 50) P

Age, mean� SD, y 10.8� 0.7 10.8� 0.6 .73
Birth weight, mean� SD, g 1512� 338 1454� 369 .60
Gestational age, mean� SD, wk 30.9� 2.0 30.6� 2.3 .60
Duration of ventilation, mean� SD, d 1.7� 3.5 3.1� 5.3 .90
Social class 1 or 2, n (%)a 7 (12) 18 (36) .004
Mother has higher vocational qualification/degree, n (%) 9 (1) 3 (6) .25
Received maternal breast milk, n (%) 1 (2) 3 (6) .09
a Highest 2 categories (of 7).
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These analyses were conducted for all
cognitive outcome measures; signifi-
cant results are presented in Table 7.
Among the 39 children fed only for-
mula, there were differences between
groups in overall VIQ and FSIQ scores.
Examination of the Wechsler Abbrevi-
ated Scale of Intelligence subtest re-
sults showed differences on the 2 ver-
bal subtests. Table 7 also shows that
the supplemented formula group had
significantly higher CMS word-pair
learning scores (significance levels af-
ter covariance: VIQ: P� .005; FSIQ: P�
.04; CMS: P� .07). No significant differ-
ences existed between randomized
diet groups within the breastfed group
with respect to any cognitive measure.

Before testing for interactions be-
tween feeding group and diet for the
significant cognitive outcomes, we ex-
amined baseline characteristics of the
2 feeding groups and found significant
differences in gestational age, birth
weight, duration of ventilation, mater-

TABLE 5 Results of Primary Analyses Comparing Randomized Groups in Cognitive Outcome
Measures

Score, Mean� SD P

Control (n� 57) Supplemented (n� 50)

Wechsler Abbreviated Scale of Intelligence
VIQ 92.6� 12.6 96.7� 13.2 .11
Performance IQ 94.5� 14.1 94.2� 12.7 .93
FSIQ 92.7� 12.3 95.1� 13.2 .34
Neuropsychological Test for Children
Memory domain score 97.9� 16.6 99.3� 16.4 .68
Language domain score 97.6� 13.1 97.0� 15.4 .85
Tower scaled score 10.0� 2.4 10.4� 2.5 .37
Inspection time, total accuracy score (maximum: 150) 107.2� 12.7 108.0� 15.7 .79
Test of Everyday Attention for Children
Attention scaled score 8.3� 2.6 8.2� 2.5 .99
Score! scaled score 7.8� 3.4 7.7� 3.4 .85
Creature counting scaled score 9.6� 2.1 10.0� 2.7 .42
Dual-task decrement scaled score 7.3� 2.8 7.6� 2.5 .58
Opposite Worlds different scaled score 8.4� 2.8 8.9� 3.5 .41
CMS word pairs
Learning scaled score 11.3� 3.5 11.7� 3.2 .54
Delayed recall scaled score 10.4� 2.9 10.6� 3.3 .73
Delayed recognition scaled score 10.6� 17.6 11.3� 1.9 .13
Behavioural Assessment of Dysexecutive Syndrome
for Children, overall score

86.6� 17.6 87.8� 17.9

Wechsler Individual Achievement Test
Word reading standard score 91.9� 12.5 94.5� 16.7 .73
Pseudoword decoding standard score 95.5� 11.1 96.1� 11.6 .81
Spelling standard score 90.5� 12.8 93.8� 14.2 .21
Numerical operations standard score 91.4� 13.2 90.6� 15.8 .78

For domain scores and standard scores the mean is 100; for scaled scores, the mean is 10.

TABLE 6 Comparison of Subjects Who Received Some Breast Milk With Those Who Were Entirely Formula-Fed, According to Diet Group

Not Breastfed Breastfed

Control
(n� 23)

Supplemented
(n� 16)

P Control
(n� 34)

Supplemented
(n� 34)

P

Birth weight, mean� SD, g 1684� 238 1545� 355 .15 1396� 373 1411� 373 .86
Gestational age, median (range), wk 31.7 (29–34) 31.3 (27–34) .47 30.4 (27–34) 30.4 (26–33) .87
Duration of ventilation, median (range), d 0.5 (0–4) 2.5 (0–7) .19 3.9 (0–17) 3.9 (0–25) .28
Proportion of enteral intake as maternal breast milk, % NA NA 28 29
Social class 1 or 2, n (%)a 1 (0.04) 6 (38) .01 6 (18) 2 (35) .17
Mother has higher vocational qualification/degree, n (%) 0 (0) 0 (0) 1 (0.03) 3 (9) .28

NA indicates not applicable.
a Highest 2 categories (of 7).

TABLE 7 Comparisons of 2 Formula Groups in Cognitive Measures, Showing Significant Interactions With Diet

Score, Mean� SD

Not Breastfed Breastfed

Control
(n� 23)

Supplemented
(n� 16)

P Control
(n� 34)

Supplemented
(n� 34)

P

VIQ 86.3� 7.8 98.2� 13.3 .003 (3.1)a 97.6� 13.6 96.9� 13.2 NS
FSIQ 87.6� 9.8 97.0� 11.1 .02 (3.3)a 97.0� 12.7 94.8� 13.4 NS
Vocabulary score 37.9� 6.4 45.3� 9.7 0.007 NA
Similarities score 43.3� 8.8 49.5� 7.7 0.03 NA
Block design score 45.7� 9.1 47.1� 5.8 0.57 NA
Matrix reasoning score 44.1� 10.8 47.8� 8.8 0.27 NA
Word-pair learning score 10.3� 2.2 13.1� 3.6 .004 (0.09)a 12.2� 4.2 11.5� 3.1 NS

NS indicates not significant; NA, not applicable.
a SE of the difference.
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nal education, and social class. Two-
way analyses of variance, with those
factors as covariates, showed signifi-
cant interactions between diet and
feeding group for VIQ scores (P �
.002), FSIQ scores (P � .04), and CMS
word-pair learning scaled scores
(P� .05).

Planned Supplementary Analyses
According to Gender

In planned analyses according to gen-
der for all cognitive outcomes, signifi-
cant differences between diet groups
were seen only for girls and only for 2
measures of academic attainment
from the Wechsler Individual Achieve-
ment Test, 1 at a trend level (Table 8).
Girls who received supplemented for-
mula had mean scores that were�0.5
SD higher than those of the control
group; no effects of diet were seen for
boys. The gender difference was sup-
ported by interactions between gen-
der and diet for both word reading
(P� .07) and spelling (P� .02).

Explanatory Analyses

We compared the 2 groups of girls with
respect to a range of possible con-
founding factors (birth weight, gesta-
tional age, social code, maternal age,
maternal education, paternal educa-
tion, Apgar score at 5 minutes, time in
the hospital, and duration of ventila-
tion), because this was a nonrandom-
ized comparison; they differed signifi-
cantly only in the duration of
ventilation (median: control formula:
0.00 days; supplemented formula: 2.0
days; P � .01). This difference should

have minimized the dietary effect, be-
cause cognitive scores would be ex-
pected to be lower in the group that
required more ventilation, and, after
adjustment for duration of ventilation,
the significance of the dietary effects
was increased (word reading: P� .02;
spelling: P� .02).

DISCUSSION

This study is the first, to our knowl-
edge, to investigate the effects of early
administration of LCPUFAs on cogni-
tion in later childhood, (after 9 years of
age), by using an extensive assess-
ment battery to test for specific or sub-
tle effects. As at 18 months,13 we found
no overall difference in cognitive out-
comes between randomly assigned
groups. Planned subgroup analyses,
however, demonstrated significant
advantages for girls who received
LCPUFA supplementation with re-
spect to 2 indices of literacy (word
reading and spelling), as well as pro-
viding some evidence that the cogni-
tive benefits of breast milk versus
formula feeding are related to the
LCPUFA content of breast milk, which
has been a matter of debate.6,7,26

For 10-year-old girls, supplementation
was associated with improved perfor-
mance in single-word reading accu-
racy and spelling. No other cognitive
measures differentiated the groups,
but the fact that these are 2 separate
measures of a single cognitive domain
adds credence to the finding. The
girls who had received LCPUFA-
supplemented formula had scores on

both tests that were �0.5 SD higher
than the scores for girls who had re-
ceived control formula; these substan-
tial increases would be meaningful in
educational terms. LCPUFAs have been
associated with literacy in the past. A
LCPUFA intervention trial involving ad-
olescents with dyslexia reported im-
provement in reading-related tasks af-
ter 5 months, but there was no control
group for proper evaluation of the
changes.27 More convincing was a
study that showed significant correla-
tions between blood levels of �-3 fatty
acids and measures of word reading
and spelling for groups of adults with
dyslexia and for normal readers.28 A
randomized controlled trial investigat-
ing the effects of supplementation for
school-aged children with dyspraxia
reported that 12 weeks of supplemen-
tation with LCPUFAs resulted in signifi-
cant improvement for the test group in
measures of reading and spelling.29

These studies add weight to the view
that the effects on literacy that were
found in our study were not attribut-
able to chance but were predictable on
the basis of previous literature find-
ings. None of the foregoing studies
conducted gender analyses.

The demonstration of gender effects
concurs with a growing body of litera-
ture describing differences between
the genders in brain structure and
function,30–32 the relationship between
the brain and cognitive function,33,34

and the vulnerability of the brain to di-
verse external influences, such as hy-
poxic risk,35 prenatal stress,36 and sev-
eral aspects of nutrition.37,38 There also
have been reports of differences in
fatty acid metabolism between adult
men and women.39 The positive effects
of LCPUFA supplementation on literacy
for girls in the present study, however,
contrast with the finding of an advan-
tage in BSID-II scores for boys at 18
months.13 The genders may show dif-
ferences in susceptibility to the effects

TABLE 8 Scores for 2 Cognitive Outcomes Showing Effects of Gender

Score, Mean� SD

Boys Girls

Control
(n� 23)

Supplemented
(n� 16)

P Control
(n� 34)

Supplemented
(n� 34)

P

Word reading score 94.2� 11.1 91.3� 17.2 NS 90.0� 13.5 97.6� 15.9 .07 (3.9)a

Spelling score 92.4� 11.4 90.0� 14.9 NS 89.0� 13.9 97.2� 12.8 .02 (3.6)a

NS indicates not significant.
a SE of the difference.
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of early LCPUFA supplementation at dif-
ferent time points because the devel-
opmental trajectories of their brains
differ.40 Alternatively, because literacy
could not be tested at the 18-month
follow-up assessment, any intrinsic
sensitivity to the intervention in the lit-
eracy domain for girls would not have
been detectable until the present
study. Makrides et al41 reported that
preterm girls, but not boys, born to
motherswho had received DHA supple-
mentation during pregnancy showed
higher BSID-II Mental Developmental
Index scores, compared with those
born to mothers who had not received
supplementation. It would be interest-
ing to test the literacy skills of those
children in later childhood.

Systematic reviews showing the ab-
sence of an effect of LCPUFAs on cogni-
tion among term or preterm infants
might be taken to imply that the cogni-
tive benefits of breast milk versus for-
mula feeding, as shown in numerous
studies, could not have been attribut-
able to the presence of LCPUFAs in
breast milk. Our study provides pre-
liminary data that challenge this con-
clusion and illustrate the importance
of defining the groups carefully. Sixty-
four percent of the participants who
took part in the study had received
some breast milk in their early diet,
which reflects the prevalence of mixed
feeding regimens in the United King-
dom. Randomization ensured that our
supplement and control groups had
received equivalent proportions of
breast milk; a comparison of those
groups indicated that LCPUFA supple-
mentation had not affected cognition.
When we separated the subjects into
those who had received formula as the
sole diet and those who had received a
mixed diet, however, positive effects
of LCPUFAs on cognitive outcomes
emerged, which indicated that the ef-
fects of LCPUFAs were blunted by the
inclusion of mixed feeding. There

were significant interactions be-
tween LCPUFA supplementation and
breast milk feeding status for sev-
eral important cognitive measures.
The implication is that some factors
promoted cognitive development
even in the breastfed control group,
whose only source of LCPUFAs was
breast milk.

The evidence that a key factor in breast
milk promoting cognitive development
might be LCPUFAs comes from the non-
randomized analysis, which showed
that both diet groups that received
breast milk had VIQ scores of �97 to
�98 (Table 7). Among the 2 nonbreast-
fed groups, the group fed the control
formula had a mean VIQ of only 86,
whereas the group fed formula with
LCPUFAs had the same VIQ as the
breastfed groups (mean: 98), which in-
dicates that it was the addition of
LCPUFAs to formula that seemed to
correct fully the VIQ deficit of the con-
trol formula-fed group, compared with
the breastfed groups. The same
pattern was found for FSIQ. We empha-
size that the sample size was small and
that this was an ad hoc statistical ex-
ploration. The difference in DHA con-
tents between the supplement formula
(0.5%) and breast milk (�0.3%) also
must be kept in mind. Nevertheless,
our data emphasize the need for fur-
ther analyses of data at this age, to test
this hypothesis.

The significant difference found for the
word pairs learning test, which is a
memory measure that involves asso-
ciative learning, is consistent with the
observation that LCPUFAs are capable
of improving long-term potentiation in
the hippocampus.42 The pattern of
scaled scores between the groups and
conditions was the same as that for IQ
scores. It often is assumed that VIQ
scores are particularly vulnerable to
the influences of social class and pa-
rental education, but these factors
were included as covariates with little

effect on the results for IQ and word
pairs learning. We did not control for
maternal intelligence43 but, in a study
examining IQ differences among mo-
nozygotic twins,44 the effects of fetal
undernutrition were seen selectively
for VIQ with a design in which parents’
IQ scores, level of education, and social
class were controlled.

Fewtrell et al45 addressed the issue of
cohort attrition at some length, as
summarized here. We achieved a
follow-up rate of 45%, which increased
to 54% among those who were seen at
18months. Reduced numbersmight, of
course, affect the power of the study to
detect group differences. The pro-
jected size of 64 subjects per group
would allow the detection of a 0.5-SD
difference in outcome measures; the
present sample size of 107 subjects al-
lows detection of a 0.6-SD group differ-
ence with 80% power at 5% signifi-
cance. Group differences for all
measures rarely exceeded 0.3 SD. At-
trition also might introduce bias, espe-
cially if the 2 groups at the follow-up
assessment differed with respect to
some characteristics. We looked for
this in each comparison; although few
such characteristics were found, all
were adjusted for in the relevant anal-
yses. It would seem safe, therefore, to
generalize these results to the appro-
priate population (ie, preterm infants
born 10 years ago). We note again,
however, that we are aware of the rel-
atively small group numbers, and we
urge caution in interpretation.

CONCLUSIONS

This first long-term follow-up study of
cognitive function among children
who, as preterm infants, took part in a
randomized controlled trial of LCPUFA
formula supplementation suggests
that supplementation does not result
in differences in cognition at the age of
10 years. It does indicate, however,
that there may be gender-specific
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long-term effects, with girls benefiting
from enhanced literary skills. It is rec-
ommended that all subsequent studies
be designed to allow gender analyses.
The study also provides some prelimi-
nary evidence that cognitive develop-
ment among children who are partly
breastfed is not affected by LCPUA sup-
plementation. Among children who are
entirely formula-fed, however, those

who do not receive LCPUFA supple-
mentation have IQ and memory
scores that are �0.5 SD lower than
the scores of both the supplemented
formula-fed group and the breastfed
group. These are large meaningful
differences, and there is an urgent
need to attempt to replicate these re-
sults in studies with larger numbers
of participants. There also is a need

to determine whether these findings
extend to term infants.
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