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Effects of Early Maternal Docosahexaenoic Acid Intake on
Neuropsychological Status and Visual Acuity at Five Years of Age of
Breast-Fed Term Infants

Craig L. Jensen, MD, Robert G. Voigt, MD, Antolin M. Llorente, PhD, Sarika U. Peters, PhD, Thomas C. Prager, PhD, MPH,
Yali L. Zou, MD, Judith C. Rozelle, MS, Marie R. Turcich, MA, J. Kennard Fraley, MS, Robert E. Anderson, MD, PhD,
and William C. Heird, MD

Objective We previously reported better psychomotor development at 30 months of age in infants whose mothers
received a docosahexaenoic acid (DHA) (22:6n-3) supplement for the first 4 months of lactation. We now assess
neuropsychological and visual function of the same children at 5 years of age.

Study design Breastfeeding women were assigned to receive identical capsules containing either a high-DHA
algal oil (~200 mg/d of DHA) or a vegetable oil (containing no DHA) from delivery until 4 months postpartum. Primary
outcome variables at 5 years of age were measures of gross and fine motor function, perceptual/visual-motor func-
tion, attention, executive function, verbal skills, and visual function of the recipient children at 5 years of age.
Results There were no differences in visual function as assessed by the Bailey-Lovie acuity chart, transient visual
evoked potential or sweep visual evoked potential testing between children whose mothers received DHA versus
placebo. Children whose mothers received DHA versus placebo performed significantly better on the Sustained
Attention Subscale of the Leiter International Performance Scale (46.5 + 8.9 vs 41.9 + 9.3, P < .008) but there
were no statistically significant differences between groups on other neuropsychological domains.
Conclusions Five-year-old children whose mothers received modest DHA supplementation versus placebo for
the first 4 months of breastfeeding performed better on a test of sustained attention. This, along with the previously
reported better performance of the children of DHA-supplemented mothers on a test of psychomotor development
at 30 months of age, suggests that DHA intake during early infancy confers long-term benefits on specific aspects of
neurodevelopment. (J Pediatr 2010;157:900-5).

See editorial, p 875

ocosahexaenoic acid (DHA; 22:6n-3) is an important component of retinal and neural membranes and the intake of
preformed DHA as a component of breast milk or as DHA-supplemented formula during infancy confers benefits with
respect to visual acuity or neurodevelopment early in life.' ® However, optimal DHA intake during infancy has yet to be
determined. The amount of this fatty acid in human milk is highly variable and dependent, in large part, on maternal DHA
intake during lactation.”® The mean DHA content of breast milk of U.S. women is considerably lower than that of women living
in many other regions of the world, particularly regions in which fish intake is high.”'* Thus studies assessing the impact of
different DHA intakes on visual function and neurodevelopment of both formula-fed and breast-fed infants should be useful in
establishing optimal DHA intakes during early life.
We previously reported that formerly breast-fed children whose mothers re-
ceived a DHA supplement of ~200 mg/d for 4 months postpartum had a signifi-
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Consequently, visual acuity and neuropsychological status
were reevaluated at ~5 years of age.

As previously described,'” pregnant women who planned to
breast-feed exclusively for at least 4 months were assigned
randomly in a double-blinded fashion to receive one of two
identical capsules daily for 4 months, starting within 5 days
after delivery. One of the capsules contained a high-DHA
algal triglyceride (DHASCO; Martek Biosciences, Columbia,
Maryland) consisting, by weight, of 44% saturated fatty acids,
13.6% monounsaturated fatty acids, 0.8% linoleic acid
(18:2n-6) and 41.7% DHA (22:6n-3); it provided ~200 mg
of DHA daily. The other, the control capsule, contained
a 50:50 mixture of soy and corn oils consisting, by weight,
of 15% saturated fatty acids, 23.5% monounsaturated fatty
acids, 56.3% linoleic acid (18:2 n-6) and 3.9% «-linolenic
acid (18:3 n-3).

The mothers were between 18 and 40 years of age, infant
gestational age was >37 weeks, and infant birth weights
were >2500 but <4200 g. None of the mothers had chronic
disorders and none of the children had congenital anomalies,
gastrointestinal tract symptoms or metabolic disorders. The
same subjects were reevaluated at ~5 years of age at which
time several measures of visual function and neurodevelop-
mental status were assessed and anthropometric variables
were measured.

The study was approved by the Institutional Review Board
for Human Subject Research of Baylor College of Medicine
and Affiliated Hospitals and the Committee for the Protection
of Human Subjects of the University of Texas Health Sciences
Center at Houston. Written, informed consent was obtained
from all mothers before enrollment and assent was obtained
from each child before assessment at 5 years of age.

Assessment of Visual Function at 5 Years of Age

Binocular visual acuity was assessed using sweep visual
evoked potential (VEP) and monocular visual acuity (each
eye) was assessed using the ETDRS/Bailey-Lovie chart. Tran-
sient VEP testing also was performed and stereoacuity was as-
sessed by the Titmus Fly Stereotest."* Details of the VEP
methods have been described.'”'> The ETDRS/Bailey-Lovie
chart'® has equal increments between lines of vision, equiva-
lent complexity in letters per line and numbers of letters per
line which provide some advantages over the traditional
Snellen chart for this age group. The primary outcome metric
is total number of letters identified correctly. If desired, visual
acuity calculated using the ETDRS/Bailey-Lovie chart can be
converted easily to Snellen equivalents. The Titmus Fly Ster-
eotest, a contour stereotest that provides a measure of ster-
eoacuity, was presented to each subject and the subject was
asked to identify targets with varying stereoscoptic depth.

Assessment of Neurodevelopmental Status
The neurodevelopmental assessment battery used at 5 years
of age was chosen to provide continued tracking of abilities
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assessed by the Bayley PDI which was higher in the supple-
mented group at 30 months of age, as well as to assess other
functional domains that might be affected by DHA supple-
mentation.

To track the positive effects on motor skills observed at 30
months of age (ie, a higher Bayley PDI), gross motor skills
were assessed with the Leg Coordination subtest of the Mc-
Carthy Scales of Children’s Abilities'” and the Hand Move-
ment subtest of the Kaufman Assessment Battery for
Children (K-ABC)'%; fine motor skills were assessed with
the Purdue Pegboard Test'” and the motor component of
the Developmental Test of Visual-Motor Integration, Third
Edition.*® Overall cognitive level was assessed using the In-
formation, Vocabulary, and Block Design subtests of the
Wechsler Primary and Preschool Scale of Intelligence-
Revised (WPPSI-R).?' The Information and Vocabulary sub-
tests provide a measure of verbal skills and the Block Design
subtest of the WPPSI-R and the Developmental Test of
Visual-Motor Integration, Third Edition, respectively, pro-
vide evaluation of perceptual and visual-motor skills. The
Visual-Motor Integration test also allows decomposition of
visual-motor skills into perceptual and motor components.
Emerging executive function was assessed by the Animal
Pegs subtest of the WPPSI-R and the Hand Movement sub-
test of the K-ABC. Visual attention was assessed with the Sus-
tained Attention subtest of the Leiter International
Performance Scale-Revised.*” This test, which assesses atten-
tion and selectivity on repetitive tasks, requires the child to
look at a target picture and, within a specified period of
time, to mark each of the target pictures on a page containing
both target and non-target pictures.

Each assessment instrument has its own age-dependent
norms. All assessments were administered and scored by psy-
chologists trained and experienced in their use according to
the standardized protocol for each test.

Anthropometry

Weights of the children without shoes and heavy clothing
were determined with an electronic integrating scale accurate
to £ 0.1 kg. Height was measured with a wall-mounted sta-
diometer and head circumference was measured with a metal
measuring tape.

Data Analysis

Data are expressed as group means =+ standard deviation. The
statistical significance of differences in continuous outcome
variables between groups was tested by independent samples
t tests (SPSS Software; SPSS, Chicago, Illinois).

Group differences in neurodevelopmental outcomes were
further evaluated by analysis of covariance controlling for
sex, ethnicity, maternal age, maternal education, maternal
IQ (as determined by the Slosson Intelligence Test-Revised,*
a screening test for intellectual abilities of adults), the com-
posite score of the Family Environment Scale,** birth weight,
and weight and height at the time of assessment. Correlations
between selected outcome variables were assessed by linear re-
gression analysis. The statistical significance of frequency
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differences in categorical variables between groups was tested
by the x” statistic or Fisher exact test for small cell size. A prob-
ability of =5% was assumed to be statistically significant.

The participants in the study through 30 months of age were
reported.” Initially, each group included 115 infants. There
were numerous dropouts from both groups during the first
4 months primarily because of limited breast milk intake or
total cessation of breast-feeding. Only 83 subjects in the
DHA-supplemented group and 77 in the control group
were available for study at 30 months and by 5 years of age,
60 children in the DHA group, and 59 in the control group
remained. All dropouts between 30 months and 5 years of
age occurred because of relocation.

The two groups of mothers did not differ appreciably in
mean age at delivery (31.3 &= 4 vs 32.0 £ 5 years in the sup-
plemented and control groups, respectively), parity (1.8 £ 1
vs 1.7 + 1), or years of education (16.5 £ 2.9 vs 16.1 £ 2.2).
The demographic characteristics of the children in the two
groups also did not differ significantly (Table I), and the
demographic characteristics of mothers and infants
remaining in the study at 5 years of age did not differ from
those of the total group enrolled.

Visual Function

Results of transient VEP testing at a check size of 30’, nomi-
nally equivalent to 20/100 visual acuity, sweep VEP acuity,
and the number of letters identified correctly with the
ETDRS/Baily-Lovie chart are shown in Table II. There
were no statistically significant differences between groups
on any of these measures, and all were within the normal
limits for age. In addition, all subjects correctly identified
the smallest stereoscopic target (angle = 40 seconds of arc)
on the Titmus Fly Stereotest.

Neurodevelopmental Outcomes

Neurodevelopmental outcome variables are shown in Table
III. There were no differences between groups on measures
of gross motor development, fine motor development,
perceptual/visual-motor development, verbal skills, or
emerging executive function. However, children whose
mothers received the DHA supplement performed
significantly better on the Sustained Attention subtest of
the Leiter International Performance Scale-Revised (46.5 =+
8.9 vs 41.9 £+ 9.3, P = .008). Adjusting for maternal I1Q,
scores on the home environmental assessment, as well as
age at testing, sex, gestational age at birth, and maternal age
did not affect the significance of this result. When stratified
by sex, the difference between groups was statistically
significant for girls (50.5 & 9.1 vs 41.0 £ 9.6; P = .001) but
not for boys (43.8 £ 7.8 vs 42.5 + 9.1; P = .55). There was
no significant correlation between the Sustained Attention
subscore at 5 years of age and the Bayley PDI at 30 months
of age. There also were no significant correlations between
infant plasma phospholipid DHA content at either 4 or 8
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Table I. Characteristics of subjects completing the
study through 5 years of age (mean £ SD)

Algal DHA Control
(n = 60) (n = 59)
Birth weight (kg) 345+050 349+059
Gestational age at birth (wk) 394 +1.3 39.3+ 1.5
Apgar score at 1 min 82+1.0 82+06
Apgar score at 5 min 9.0+ 04 9.0+0.3
Sex (% boys) 60% 57.6%
Ethnicity
Caucasian 82% 76%
African American 12% 15%
Hispanic 5% 7%
Other 2% 2%
Age at testing (yr) 53+0.3 53+0.2
Weight at time of testing (kg) 199+ 28 19.6 + 2.5
Height at time of testing (cm) 1124 +£53 1115+55
Head circumference at time of testing (cm)  51.5 + 0.9 514 +1.1
S W

months of age, measures of visual function at 5 years of
age, or neurodevelopmental status at 5 years of age.

Anthropometry
There were no statistically significant differences in weight,
length, or head circumference between the two groups at
the time of testing, and all were within the expected ranges
for age (Table I).

We reported previously that maternal supplementation with
approximately 200 mg of DHA per day for 4 months after de-
livery resulted in ~75% greater content of milk lipid DHA
and ~35% greater DHA content in infant plasma phospho-
lipids."> More important, the Bayley PDI of 30-month-old
children whose mothers received the DHA supplement for
only 4 months postpartum was 8.4 points (~0.5 SD) higher
than that of children whose mothers received a placebo. We
report here the results of visual and neurodevelopmental test-
ing of the same cohort of children at ~5 years of age.

No differences between groups were observed on several
measures of visual function or on several other neurodeve-
lopmental domains. Transient VEP amplitude with 30" check
sizes was lower at 5 years of age in the DHA-supplemented

(Table II. Visual acuity W
DHA Placebo

110.3 £ 8.1 (n = 60)" 108.0 + 6.5 (n = 56)"
39.6 -+ 13.7 (n = 60)" 45.3 + 18.0* (n = 56)"
11.9 + 0.3 octaves  11.8 + 0.3 octaves

(n = 56)" (n=55"T
52.6 £ 4.6 (N =60)" 51.6 + 5.6 (n=58)"

VEP Latency* (msec)
VEP Amplitude* (uvolts)
Sweep VEP acuity (cyc/deg)

Bailey Lovie Acuity — right
eye (no. of letters correct)

Bailey Lovie Acuity — left eye 53.1 = 4.7 (n = 60)" 52.1 + 4.9 (n = 57)"
(no. of letters correct)

I

*Results using 30’ check sizes.

TNumber of subjects who completed each assessment or who had interpretable data from the
assessment.

P =.06; P> .1 for all other comparisons.
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(Table III. Neuropsychological outcomes (mean + SD) at 5 years of age W
Assessment Algal DHA Control
K-ABC (Hand Movement) 8.39 +255(n =59 " 9.02+284(n=56)"
McCarthy (Leg Coordination) 106 £15(n="59) " 10.7 £19(n=56) "
Purdue Pegboard Test
Dominant Hand 96+17(n=59" 98+27(n=57"
Non-Dominant Hand 89+16n=59 7" 89+27(n=57)"
Developmental Test of Visual-Motor Integration, 3™ ed 16+19(n=57)"T 11.8+18(n=56)T
Visual Component 148 +28(n=58) T 144 +26(n="56)"
Motor Component 116+24(n=597 115+27(n=56)"
Wechsler Primary and Preschool Scale of Intelligence — Revised:
Animal Pegs Subset 121+24(n=60)"T 122 +18(n=57)"1
Block Design Subset 13+21(n=60" M1+22n=57"
Information Subset 10.8 + 2.6 (n=60)" 112+26n=57)"
Vocabulary Subset 123+28(n=60)"T 129+ 24 (n=56)"
Leiter (Sustained Attention) 465+89(n="55"T 418+93 (n=55" )
.

K-ABC (Hand Movement), Hand Movement Subtest of the Kaufman’s Assessment Battery for Children (raw score); McCarthy (Leg Coordination), Leg Coordination Subtest of the McCarthy Scales of
Children’s Abilities (raw score); Leiter (Sustained Attention), Sustained Attention Subtest of the Leiter International Performance Scale-Revised (raw score).

TNumber in parentheses indicates number of subjects completing that assessment.
1P =.008; P> .1 for all other comparisons.

versus control group (39.6 & 13.7 vs 45.3 £ 18.0 uvolts), but
the difference was of borderline statistical significance (P =
.06). Transient VEP amplitudes at 4 and 8 months of age
also were lower in the DHA versus the control group (P <
.03)."> However, the biologic or functional significance of
this finding is not clear.

Because attentiveness is required to complete the Bayley
PD], it is tempting to speculate that the better performance
of the supplemented group on the Bayley PDI at 30 months
of age reflects better emerging attention (which is difficult to
assess at 30 months of age) rather than better psychomotor
development, per se. Although this is possible, it is not sup-
ported by other data. Specifically, there was no correlation
between the sustained attention score at 5 years of age and
the Bayley PDI at 30 months of age. Moreover, the difference
between groups in performance on the Leiter Sustained At-
tention subscore was sex-dependent, being observed only in
girls. The reason for this sex-related difference is not clear,
but sex-related developmental differences have been seen in
other studies, including a study in which DHA + v-linolenic
acid supplementation resulted in a higher Bayley Mental De-
velopment Index at 18 months corrected age in male, but not
female, preterm infants.>

The study reported here is one of a very few assessing the
impact of maternal omega-3 fatty acid supplementation dur-
ing pregnancy or lactation on infant visual or neurodevelop-
mental outcomes. Cheruku et al*® reported that infants of
mothers with higher plasma phospholipid DHA concentra-
tions had a lower ratio of active to quiet sleep, suggestive of
a more mature sleep pattern. Ghys et al*’ found no associa-
tion between cognitive development of 4-year-old term chil-
dren and umbilical venous plasma or erythrocyte
phospholipid DHA or arachidonic acid contents. A follow-
up study demonstrated no association between cognitive per-
formance at 7 years of age assessed by the Kaufman Assess-
ment Battery for Children and DHA or arachidonic acid
levels in either umbilical venous plasma phospholipids or
plasma phospholipids at 7 years.”® Another study showed

that children whose mothers ate oily fish during pregnancy
were more likely to have high-grade stereoacuity at 3.5 years
of age than children whose mothers did not eat oily fish.*’
Better visual acuity at 2 and 12 months of age also was ob-
served in breast-fed infants with higher erythrocyte phospha-
tidyl ethanolamine DHA content at 2 months of age,* as has
statistically significant positive correlations between indexes
of infant DHA status at 2 months of age and measures of lan-
guage development at 9 and 18 months of age.”

A few interventional trials assessed the impact of mater-
nal DHA intake during pregnancy on visual and neurodeve-
lopmental outcomes. Malcolm et al’' assigned women to
receive either fish oil (~323 mg/d) or high oleic sunflower
oil from 15 weeks gestation until delivery and assessed elec-
troretinograms of the infants within the first week of life, as
well as pattern-reversal VEP at 50 and 66 weeks postconcep-
tional age. This low-dose DHA supplementation did not in-
crease DHA levels of umbilical cord blood plasma or
erythrocyte total lipids significantly, and there were no dif-
ferences between groups in electroretinography or VEP
measures. However, maturation of pattern-reversal VEP
and retinal sensitivity correlated with DHA status; infants
with higher DHA status had shorter VEP peak latencies (a
positive finding).

Helland et al® assigned women in Norway to receive either
a cod liver oil (~1200 mg DHA, ~800 mg eicosapentaenoic
acid) or corn oil supplement from 18 weeks gestation
through 3 months postpartum. Children whose mothers re-
ceived the cod liver oil had a higher composite score on the
Kaufman Assessment Battery for Children at 4 years of age.

Colombo et al’* assessed the effects of maternal DHA
status on development of attention during infancy and
toddlerhood in children born to mothers participating in
a DHA-supplementation trial. Infant control-habituation
was assessed at 4, 6, and 8 months of age and free-play atten-
tion and distractibility were assessed at 12 and 18 months of
age. Children whose mothers had a higher erythrocyte phos-
pholipid DHA content at delivery had a more marked decline

Effects of Early Maternal Docosahexaenoic Acid Intake on Neuropsychological Status and Visual Acuity at Five Years 903
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in looking over the first year of life, suggesting better atten-
tion and less distractibility in the second year of life.

A few interventional studies assessed the effect of maternal
DHA supplementation during lactation on infant visual and
developmental outcomes. Gibson et al* assigned breastfeed-
ing women to a placebo group (n = 12) or groups receiving
200 mg (n = 10), 400 mg (n = 12), 900 mg (n = 10), or
1300 mg (n = 8) of DHA per day for the first 12 weeks post-
partum’® and determined visual acuity of the infants at 12
and 16 weeks of age by VEP, as well as the Bayley Scales of In-
fant Development at 1 and 2 years of age. No relationship be-
tween visual acuity at either age tested and infant DHA status
was detected. However, erythrocyte DHA status at 12 weeks
of age was associated with a higher Bayley Mental Develop-
ment Index at 1, but not 2, years of age.

Lauritzen et al’** supplemented lactating Danish women
who had low habitual intakes of omega-3 fatty acids with
fish oil supplying 1.3 grams of long-chain omega-3 fatty acids
per day vs the same amount of olive oil for the first 4 months
postpartum and assessed visual acuity by sweep VEP at 2 and
4 months of age. Visual acuity did not differ significantly be-
tween groups at either age but, at 4 months of age, was pos-
itively associated with infant erythrocyte DHA content.
Interestingly, in follow-up studies, children in the fish oil
group had a lower passive vocabulary at 1 year of age than
children in the olive oil group (with an inverse association
between word comprehension at 1 year and erythrocyte
DHA content at 4 months), but no difference between groups
was found at 2 years of age.”

The precise periods during which adequate DHA is crucial
for the developing retina and brain with respect to specific
neurodevelopmental outcomes remain to be clarified. Our
data, together with data from several of the studies mentioned
above, suggest that early infancy is such a period. Further-
more, because DHA supplementation during pregnancy
alone does not consistently increase breast milk DHA con-
tent,’® adequate maternal DHA intake during lactation is war-
ranted. Consumption of even very high amounts of the DHA
precursor, a-linolenic acid, during pregnancy or lactation
does not increase breast milk DHA content significantly.””

The biologic or “real-life” significance of an improvement
in sustained attention of the magnitude observed in this study
at 5 years of age is difficult to ascertain, particularly because
scores of both groups were within the normal range for age.
Nonetheless, this finding underscores the importance of
longer-term follow-up studies of early DHA supplementation.

Although the mechanisms underlying long-term benefits
of early nutritional interventions may not be well under-
stood, delayed adverse neurologic effects have been docu-
mented with early nutritional deficits, such as iron
deficiency during infancy.”®* Effects of higher DHA intake
during infancy on blood pressure later in childhood also
have been reported.*® It is equally plausible that beneficial ef-
fects of early DHA intake on neurodevelopment may not be
apparent until later in life or that early advantages in one de-
velopmental domain may enhance subsequent development
of apparently unrelated domains.*'
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The possible influence of genetic factors on the interaction
between diet and cognitive function also must be considered.
This is illustrated by the recent observation that the impact of
breastfeeding on childhood IQ is moderated by variation in
FADS2 (delta-6-desaturase—one of the key enzymes
involved in the conversion of precursor fatty acids to
longer-chain, more unsaturated fatty acids such as DHA
and arachidonic acid), with breastfeeding associated with
higher IQ only in children with a specific variant.** Interest-
ingly, an association between higher DHA status or intake
during adulthood and a lower risk of dementia or a slower
decline in cognitive function was reported.43’47 Also, in
a small clinical trial, supplementation with DHA and arach-
idonic acid for 90 days resulted in improvement of memory
and attention in adults with cognitive dysfunction.*®

The finding of better sustained attention at 5 years of age
also is potentially noteworthy in view of the positive associ-
ation reported by Colombo et al’> between better maternal
DHA status at birth and less distractibility during toddler-
hood. Regardless of the mechanism(s), the higher PDI at
30 months of age and higher sustained attention score at
5 years of age in children whose mothers received DHA vs
control for only the first 4 months postpartum suggests
that DHA supplementation of breastfeeding women with
low dietary n-3 fatty acid intakes may benefit the recipient
infant, not necessarily during the intervention period but
up to 5 years, or perhaps more, later. The same rationale
may be applicable to the formula-fed infant. The DHA con-
tent of breast milk (0.35% of total fatty acids) achieved with
the supplementation used in this study is similar to a recent
estimate of worldwide mean breast milk DHA content (ie,
0.32%).° The results of this study suggest that increasing
DHA intake from 0.2 to 0.35% of total fatty acids during
early infancy may confer specific long-term neurodevelop-
mental advantages. m

The authors thank Cynthia Boutte and Vijay Nannegari for their as-
sistance in completing this study. The authors also thank the mothers
and children who participated in the study.

Submitted for publication Feb 1, 2010; accepted Jun 3, 2010.
Reprint requests: Craig L. Jensen, MD, Department of Pediatrics, Baylor

College of Medicine, CCC 1010.00, 6621 Fannin, Houston, TX 77030. E-mail:
cliensen@texaschildrens.org.

References

1. Birch EE, Hoffman DR, Uauy R, Birch DG, Prestidge C. Visual acuity
and the essentiality of docosahexaenoic acid and arachidonic acid in
the diet of term infants. Pediatr Res 1998;44:201-9.

2. Willatts P, Forsyth J, DiModugno M, Varma S, Colvin M. Effect of long
chain polyunsaturated fatty acids in infant formula on problem solving
at 10 months of age. Lancet 1998;352:688-91.

3. Birch E, Garfiled S, Hoffman D, Uauy R, Birch D. A randomized con-
trolled trial of early dietary supply of long-chain polyunsaturated fatty
acids and mental development in term infants. Dev Med Child Neurol
2000;42:174-81.

4. Innis SM, Gilley J, Werker J. Are human milk long-chain polyunsatu-
rated fatty acids related to visual and neural development in breast-fed
term infants? J Pediatr 2001;139:532-8.

Jensen et al


mailto:cljensen@texaschildrens.org

December 2010

5.

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

Effects of Early Maternal Docosahexaenoic Acid Intake on Neuropsychological Status and Visual Acuity at Five Years

Jorgensen MH, Hernell O, Hughes E, Michaelsen KF. Is there a relation
between docosahexaenoic acid concentration in mothers’ milk and
visual development in term infants? J Pediatr Gastroenterol Nutr 2001;
32:293-6.

. Helland IB, Smith L, Saarem K, Saugstad OD, Drevon CA. Maternal sup-

plementation with very-long-chain n-3 fatty acids during pregnancy and
lactation augments children’s IQ at 4 years of age. Pediatrics 2003;111:
€39-44.

. Innis SM. Human milk and formula fatty acids. ] Pediatr 1992;120:556-61.
. Brenna

JT, Varamini B, Jensen RG, Diersen-Schade DA,
Boettcher JA, Arterburn LM. Docosahexaenoic and arachidonic acid
concentrations in human breast milk worldwide. Am J Clin Nutr
2007;85:1457-64.

. Kneebone GM, Kneebone R, Gibson RA. Fatty acid composition of

breast milk from three racial groups from Penang, Malaysia. Am J
Clin Nutr 1985;41:765-99.

Innis SM, Kulnlein HV. Long-chain n-3 fatty acids in breast milk of Inuit
women consuming traditional foods. Early Hum Dev 1988;18:185-9.
Koletzko B, Thiel I, Abiodun PO. The fatty acid composition of human
milk in Europe and Africa. J Pediatr 1992;120:562-70.

Jensen RG, Lammi-Keefe CJ, Henderson RA, Bush V], Ferris AM. Effect
of dietary intake of n-6 and n-3 fatty acids on the fatty acid composition
of human milk in North America. ] Pediatr 1992;120:587-92.

Jensen CL, Voigt RG, Prager TC, Zou YL, Fraley JK, Rozelle JC,
Turcich MR, Llorente AM, Anderson RE, Heird WC. Effects of docosa-
hexaenoic acid intake on visual function and neurodevelopment in
breastfed term infants. Am ] Clin Nutr 2005;82:125-32.

Somers WW, Hamilton MJ. Estimation of the stereoscopic threshold
utilizing perceived depth. Ophthalmic Physiol Opt 1984;4:245-50.
Prager TC, Zou YL, Jensen CL, Fraley JK, Anderson RE, Heird WC. Eval-
uation of methods for assessing visual function of infants. JAAPOS 1999;
3:275-82.

Lovie-Kitchin JE. Validity and reliability of visual acuity measurements.
Ophthalmic Physiol Opt 1988;8:363-70.

McCarthy D. McCarthy scales of children’s abilities: manual. New York:
The Psychological Corporation; 1972.

Kaufman AS, Kaufman NL. Interpretative manual for the Kaufman As-
sessment Battery for Children. Circle Pines, MN: American Guidance
Service; 1983.

Tiffin J. Purdue pegboard: examiner manual. Chicago: Science Research
Associates; 1968.

Beery K. Developmental test of visual-motor integration, administra-
tion, scoring, and teaching: manual. 3rd ed. Cleveland: Modern Curric-
ulum Press; 1989.

Wechsler D. Wechsler primary and preschool scale of intelligence-re-
vised. San Antonio, TX: The Psychological Corporation; 1989.

Roid GH, Miller LJ. Leiter international performance scale-revised
(Leiter-R). London: Nelson; 1997.

Slosson RL, Nicholson CL, Hibpshman TL. Slosson intelligence test. East
Aurora, NY: Slosson Educational Publications; 1993.

Moos R, Moos B. Family environment scale manual: development, ap-
plications, research. 3rd ed. Palo Alto: Consulting Psychologist Press;
1994.

Fewtrell MS, Abbott RA, Kennedy K, Singhal A, Morley R, Caine E, et al.
Randomized, double-blind trial of long-chain polyunsaturated fatty acid
supplementation with fish oil and borage oil in preterm infants. J Pediatr
2004;144:471-9.

Cheruku SR, Montgomery-Downs HE, Farkas SL, Thoman EB, Lammi-
Keefe CJ. Higher maternal plasma docosahexaenoic acid during preg-
nancy is associated with more mature neonatal sleep-state patterning.
Am J Clin Nutr 2002;76:608-13.

Ghys A, Bakker E, Hornstra G, van den Hout M. Red blood cell and
plasma phospholipids arachidonic and docosahexaenoic acid levels at
birth and cognitive development at 4 years of age. Early Hum Dev
2002;69:83-90.

Bakker EC, Ghys AJ, Kester AD, Vles ]S, Dubas ]S, Blanco CE,
Hornstra G. Long-chain polyunsaturated fatty acids at birth and cogni-
tive function at 7 y of age. Eur ] Clin Nutr 2003;57:89-95.

of Age of Breast-Fed Term Infants

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

ORIGINAL ARTICLES

Williams C, Birch EE, Emmett PM, Northstone K. Avon Longitudinal
Study of Pregnancy and Childhood (ALSPAC) Study Team. Stereoacuity
at age 3.5 y in children born full-term is associated with prenatal and
postnatal dietary factors: a report from a population-based cohort study.
Am J Clin Nutr 2001;73:316-22.

Innis SM. Perinatal biochemistry and physiology of long-chain polyun-
saturated fatty acids. ] Pediatr 2003;143:S1-8.

Malcolm CA, Hamilton R, McCulloch DL, Montgomery C, Weaver LT.
Scotopic electroretinogram in term infants born of mothers supple-
mented with docosahexaenoic acid during pregnancy. Invest Ophthal-
mol Vis Sci 2003;44:3685-91.

Colombo J, Kannass KN, Shaddy DJ, Kundurthi S, Maikranz JM,
Anderson CJ, et al. Maternal DHA and the development of attention
in infancy and toddlerhood. Child Dev 2004;75:1254-67.

Gibson RA, Neumann MA, Makrides M. Effect of increasing breast milk
docosahexaenoic acid on plasma and erythrocyte phospholipid fatty
acids and neural indices of exclusively breast fed infants. Eur J Clin
Nutr 1997;51:578-84.

Lauritzen L, Jorgensen MH, Mikkelsen TB, Skovgaard M, Straarup EM,
Olsen SF, et al. Maternal fish oil supplementation in lactation: effect on
visual acuity and n-3 fatty acid content of infant erythrocytes. Lipids
2004;39:195-206.

Lauritzen L, Jorgensen MH, Olsen SF, Straarup EM, Michaelsen KF.
Maternal fish oil supplementation in lactation: effect on developmental
outcome in breast-fed infants. Reprod Nutr Dev 2005;45:535-47.

Boris J, Jensen B, Salvig JD, Secher NJ, Olsen SF. A randomized con-
trolled trial of the effect of fish oil supplementation in late pregnancy
and early lactation on the n-3 fatty acid content in human breast milk.
Lipids 2004;39:1191-6.

Francois CA, Connor SL, Bolewicz LC, Connor WE. Supplementing lac-
tating women with flaxseed oil does not increase docosahexaenoic acid
in their milk. Am J Clin Nutr 2003;77:226-33.

Lozoff B, Jimenez E, Hagen J, Mollen E, Wolf AW. Poorer behavioral and
developmental outcome more than 10 years after treatment for iron de-
ficiency in infancy. Pediatrics 2000;105:e51.

Algarin C, Peirano P, Garrido M, Pizarro F, Lozoff B. Iron deficiency
anemia in infancy: long-lasting effects on auditory and visual system
functioning. Pediatr Res 2003;53:217-23.

Forsyth JS, Willatts P, Agostoni C, Bissenden J, Casaer P, Boehm G. Long
chain polyunsaturated fatty acid supplementation of infant formula and
blood pressure in later childhood: follow up of a randomised controlled
trial. Br Med ] 2003;326:953-7.

Cheatham CL, Colombo J, Carlson SE. N-3 fatty acids and cognitive and
visual acuity development: methodologic and conceptual consider-
ations. Am J Clin Nutr 2006;83:1458S-66.

Caspi A, Williams B, Kim-Cohen J, Craig IW, Milne BJ, Poulton R, et al.
Moderation of breastfeeding effects on the IQ by genetic variation in
fatty acid metabolism. Proc Natl Acad Sci 2007;104:18860-5.

Tully AM, Roche HM, Doyle R, Fallon C, Bruce I, Lawlor B, et al. Low
serum cholesteryl ester-docosahexaenoic acid levels in Alzheimer’s
disease: a case-control study. Br J Nutr 2003;89:483-9.

Morris MC, Evans DA, Bienias JL, Tangney CC, Bennett DA, Wilson RS,
et al. Consumption of fish and n-3 fatty acids and risk of incident
Alzheimer disease. Arch Neurol 2003;60:940-6.

Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava S, Robins SJ, AuR, et al.
Plasma phosphatidylcholine docosahexaenoic acid content and risk of
dementia and Alzheimer disease: the Framingham Heart Study. Arch
Neurol 2006;63:1545-50.

van Gelder BM, Tijhuis M, Kalmijn S, Kromhout D. Fish consumption,
n-3 fatty acids, and subsequent 5-y cognitive decline in elderly men: the
Zutphen Elderly Study. Am J Clin Nutr 2007;85:1142-7.

Beydoun MA, Kaufman JS, Satia JA, Rosamond W, Folsom AR. Plasma
n-3 fatty acids and the risk of cognitive decline in older adults: the
Atherosclerosis Risk in Communities Study. Am J Clin Nutr 2007;85:
1103-11.

Kotani S, Sakaguchi E, Warashina S, Matsukawa N, Ishikura Y, Kiso Y,
et al. Dietary supplementation of arachidonic and docosahexaenoic acids
improves cognitive function. Neurosci Res 2006;56:159-64.

905



	Effects of Early Maternal Docosahexaenoic Acid Intake on Neuropsychological Status and Visual Acuity at Five Years of Age of Breast-Fed Term Infants
	Methods
	Assessment of Visual Function at 5 Years of Age
	Assessment of Neurodevelopmental Status
	Anthropometry
	Data Analysis

	Results
	Visual Function
	Neurodevelopmental Outcomes
	Anthropometry

	Discussion
	References


