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Abstract — Docosahexaenoic acid (DHA) accumulates in the brain during the 1st and 2nd years of
life. The objective of this study was to see if an increased content of DHA in breast-milk via maternal
fish oil (FO)-supplementation affects mental development in term infants. one hundred twenty-two
Danish mothers with a habitual fish intake below the population median were randomized to 4.5 g-d~!
of FO or olive oil (OO) for the first four months of lactation. Fifty-three mothers with habitual fish
intake in the highest quartile were included as reference group. The effect of the resulting increase
in infant DHA-intake and RBC-DHA level was assessed on problem solving ability at nine months
and language at one and two years of age. Infants in the three groups performed equally well on the
problem test and no association was observed between problem solving and erythrocyte-DHA at four
months. Passive vocabulary at one year was lower in the children of the FO- compared with the OO-
group (P < 0.05), but no differences were found at two years of age. Word comprehension at one
year was inversely associated with erythrocyte-DHA at four months. The trial indicate a small effect
of DHA levels in breast-milk on early language development of breast-fed infants.

docosahexaenoic acid / breast-milk / infant development / long-chain n-3 fatty acid / optimal
dietary intake

Abbreviations: AA: arachidonic acid; CDI: communicative development inventory; DHA: docosahexae-
noic acid; FO: fish oil; LCPUFA: long-chain polyunsaturated fatty acid; OO: olive oil; PUFA: polyunsa-
turated fatty acid; RBC: red blood cells.

1. INTRODUCTION opment of infants [1]. The cellular mem-
branes of the central nervous system

Early intake of n-3 polyunsaturated fatty ~ contain uniquely high levels of long-chain
acids (PUFA) may affect the mental devel-  polyunsaturated fatty acids (LCPUFA),
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especially docosahexaenoic acid (DHA,
22:6n-3). During the central nervous sys-
tem growth spurt, rapid accretion of DHA
takes place [2]. Formula-fed infants, who
do not receive exogenously preformed DHA,
have lower levels of DHA in their central
nervous system membranes [3, 4]. This dif-
ference in fatty acid composition may con-
tribute to the observed difference in mental
abilities between breast-fed and formula-
fed children. A meta-analysis has shown an
approximate 3 IQ-point benefit of breast-
feeding when compared to infant formulas
[5]. Some randomized supplementation
studies, comparing term infants fed formu-
las enriched with DHA or DHA and n-6
PUFA (arachidonic acid (AA) or gamma-
linoleic acid) or standard infant formulas,
have shown beneficial effects on cognitive
development [6-9], but other studies did
not confirm this [10-14]. Furthermore, one
study found a transient negative effect on
linguistic development in infants supple-
mented with DHA [11, 14].

Human milk supplies breast-fed infants
with LCPUFA. In supplementation studies
formula-fed infants are usually provided
with DHA in levels equivalent to thatin typ-
ical breast-milk in Western societies. How-
ever, the DHA level of human milk varies
by close to a factor of 50 [15]. This variation
is primarily caused by differences in maternal
fish intake. Fish oil (FO)-supplementation
of lactating mothers effectively increases
breast-milk DHA levels [16—19]. At present
there is insufficient scientific evidence to
determine whether the variation in DHA
level in breast-milk has functional implica-
tions for the breast-fed infant. Small cross
sectional studies have observed relation-
ship between the DHA-content of human
milk, or levels of DHA in infant or maternal
plasma, and the sleep pattern, visual acuity,
cognitive abilities, speech perception and
language development of breast-fed infants
[14, 15, 20-24]. Furthermore, studies sup-
plementing lactating mothers with marine
oils have shown that the DHA-intake of
breast-fed infants may have beneficial
effects on mental development [25-27]. The

present maternal post-natal FO-supple-
mentation trial was performed in Denmark
where the population has a high intake of
marine fatty acids compared to that in many
other Western countries [35] and thus,
higher levels of breast-milk DHA [1].

The cognitive abilities of infants have in
many studies been assessed by global meas-
ures of infant development such as the Bay-
leys mental development index. However
the effect of DHA may be more clearly elu-
cidated by more specific test of cognitive
development [28]. The Infant Planning Test
is specifically designed to determine means-
end problem solving at 8—11 months of age
and has previously in a small randomized
study been shown to reflect DHA+AA-sup-
plementation [8, 9]. Early language devel-
opment has in a single combined randomized
and cross-sectional study been reported to
be associated with early DHA-intake [14].
The effect of DHA-intake was observed at
14 months of age using a parent-report
instrument, the MacArthur Communicative
Development Inventory (CDI) [14] but was
not found at 39 months of age with devel-
opmentally appropriate tests of receptive
and expressive language [11]. Until this
effect on language development has been
confirmed in other randomized studies this
could be as chance finding.

The aim of the present indirect postnatal
infant DHA-supplementation study was to
examine whether FO-supplementation of
lactating mothers could affect growth and
development of their infants, primarily vis-
ual acuity. The study was designed as a dou-
ble-blind intervention study randomizing
mothers with a habitual fish intake below
the population median to daily supplemen-
tation with FO or olive oil (OO) for four
months, starting in the first week after
delivery. A reference group of mothers with
a habitual fish intake in the upper quartile
of the population were also included. The
effect on the fatty acid composition of
breast-milk and infant erythrocytes (RBC)
and visual acuity has been published [29],
as have effects on later blood pressure and
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body composition [30, 31]. FO-supplemen-
tation increased the DHA content of breast-
milk and infant erythrocytes (RBC), but
this was not found to improve infant visual
acuity [29]. Also no difference was found
in blood pressure at 2.5 years of age [31],
but the body mass index of the children at
that age was significantly higher in the FO-
supplemented group [30]. The aim of the
present paper is to evaluate the effect of
maternal FO-supplementation on infant
development, problem solving at nine
month and early language acquisition.

2. MATERIALS AND METHODS

2.1. Participants, trial and supplements

The study protocol was approved by the
Scientific-Ethical Committees for Copen-
hagen and Frederiksberg (KF 01-300/98)
and all participants gave written consent to
participate after the study had been explained
to them. The group size in this randomized
trial was based on a power calculation for
infant visual acuity, as explained in a pre-
vious paper [30]. Around 80% of the infants
completed the mental follow-up measures
reported in the present paper, resulting in a
power to show a difference between the ran-
domized groups of around 0.6 SD of func-
tional outcome. The details of the study
design and recruitment procedure, which
have been reported elsewhere [29], are
described briefly here.

During 1999, participants were selected
from among pregnant women recruited for
the Danish National Birth Cohort [32]
based on their intake of n-3 LCPUFA.
Women with a fish intake below the popu-
lation median (< 0.4 g n-3 LCPUFA-d-1)
were recruited along with pregnant women
with a fish intake in the upper quartile of the
population (> 0.8 n-3 LCPUFA-d-! (HF-
group)). In order to participate in the trial
the women were required to have an
uncomplicated pregnancy, a normal pre-
pregnancy body mass index (< 30 kg:-m2),

no metabolic disorders, an intention to breast-
feed for at least four months and to start on
the supplement regimen within two weeks
after delivery. Furthermore, the newborns
had to be healthy, singleton, term infants
with normal weight for gestation [33] and
an Apgar score > 7 five minutes after deliv-
ery. One hundred and twenty-two and 53 of
the women with a low and high fish intake,
respectively, fulfilled all these criteria.

After birth 62 and 60 mothers with a fish
intake below the median were randomly
assigned to supplementation with FO and
0O, respectively. The supplementation
was started 9 + 3 days after delivery and
continued throughout the first four months
of the lactation period. The experimental
group received 4.5 g of FO (containing 1.5 g
of n-3 LCPUFA, 60% DHA). The control
group was given a similar amount of OO.
Microencapsulated FO and OO (from
BASF Health and Nutrition A/S, Ballerup,
Denmark) were supplied in miisli-bars (pro-
duced by Halo Foods Ltd., Tywyn Gwynedd,
Wales, UK). As an alternative the women
were also offered the supplements in home-
made cookies or oil capsules (a gift from
Lupe/ProNova Biocare, Lysaker, Norway).
The women that completed the intervention
period reported that they had taken on aver-
age 88 £ 9% (n = 99) of the supplements
during the entire four-month supplementa-
tion period (or during the period of breast-
feeding, if shorter than the intended four
months). Investigators and families were
blinded to the randomization during data
collection and analysis.

One hundred mother-infant-pairs com-
pleted the intervention trial and 50 mother-
infant pairs from the HF-group were fol-
lowed during this four-month period. All
drop-outs were due to choices made by the
participants (as explained in [29]), none of
the mothers were excluded for lack of com-
pliance with supplements or the breast-feeding
request. During this period 107 mothers com-
plied with the criteria for exclusive breast-
feeding. Infants not fully breast-fed were
not excluded from the study, but we estimated
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Table I. Characteristics of infants of mothers with a high fish intake (HF) and mothers with a low
fish intake, who were supplemented with olive oil (OO) or fish oil (FO) during the first four months
of lactation. Data are given as mean + SD or percentage of the study population. No significant dif-

ferences among the groups.

Randomized trial Reference
00 FO HF
No. at 9 months 47 53 48
Sex (% boys) 51 64 52
Gestational age (weeks) 402 +1.3 402 +1.2 402 1.2
Birth weight (kg) 3.58+043 3.64 £0.46 3.62+0.44
Age at problem solving (weeks) 38.5+0.5 38.6+0.6 38.6 0.7
Head circumference at 9 months (cm) 453+ 14 458+ 1.5 458+ 1.4
Mean parental education (years) 14.1£2.1 14.1+£2.0 14.1+23
Siblings (% with siblings) 55 40 56
DHA in breast-milk at 4 months (% of fatty acids) 0.4 0.2 1.3+£0.7 0.7+x03
Estimated human milk intake during intervention
(% of total intake) 93+19 86 + 28 93 +20

(as previously described in [29]) to which
extent breast-milk covered their needs
(Tab.I). The efficiency of the maternal sup-
plementation with respect to changes in
infant n-3 LCPUFA intake was assessed by
determination of the fatty acid composition
in breast-milk and infant RBC as previously
described [29].

2.2. Outcome measures

The effects of the intervention on the
mental development of the infants was
assessed on motor function from birth to
nine months of age, ability for means-end
problem solving at nine months of age and
language at one and two years. Mothers and
infants visited the Research Department of
Human Nutrition at two, four and nine
months after delivery. Developmental mile-
stones in motor function were assessed by
interviews at each of the visits, using ques-
tions like “Has your baby learned to sit since
the last visit?” and “How many months was
she/he, when she/he sat for the first time?”
All infants from the randomized trial par-
ticipated at the nine month follow-up visit

along with 48 of the infants from the HF-
group. The characteristics of these infants
are shown in Table I.

2.2.1. Means-end problem solving

The problem solving ability of the
infants were tested at nine months of age
(36.6-40.6 weeks) by The Infant Planning
Testby Dr P. Willatts (Dept. of Psychology,
University of Dundee, UK) [8, 9]. The
infant sat on the parent’s lap and was pre-
sented with a two-step problem, independ-
ently (pretests) and combined as described
by Dr Willatts et al. [9]. The tests were per-
formed by one trained tester (72.5%) or in
her absence by one of two trained tester
stand-ins (17.2 and 10.3%). We aimed at
three trials for each pretest (final 2.7 = 0.7)
followed by five test trials on the combined
problem (final 3.7 + 1.8, equal in the three
groups). All trials were recorded on video-
tape and behavior was scored for evidence
of intention (% intentional and scores from
0-6 in each step) as described [9]. Inten-
tional solutions are defined as problems
solved with a score of at least one in all
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steps. All videotapes were scored independ-
ently by two trained observers. The initial
inter-observer correlation for intention
score was r = 0.94 and the proportion of
agreements in the assessment of intentional
solutions was 68%. Infant performance was
reanalyzed by both observers independ-
ently if the two observers disagreed on
number of intentional problem solutions or
with more than three points in intention
score. The final inter-observer correlation
for intention score was r=0.96 and the pro-
portion of agreements on the identification
of intentional solutions was 81%. Results
are based on the average of the final scores
of both observers. Successful results on
the problem-solving test was obtained for
122 children (89% of those tested). For
most of the infants without successful com-
pletion, the infants were upset or unwilling
to engage in the test (n = 14) and for two
infants the tape recordings were lost. Based
on the size of the present study and pub-
lished variation in means-end problem
solving at 9 months [9] the study had power
to show a difference of 2 in intention score.

2.2.2. Language assessment

Infant linguistic development was assessed
at one and two years of age by MacArthur
Communicative Development Inventory
(CDI) forms for infant (8—16 month old chil-
dren) and toddler (16-30 month), respec-
tively. The CDI-forms were translated into
Danish in collaboration with Dr D. Bleses
from the Odense Language Acquisition
Project (Inst. of Language and Communi-
cation, University of Southern Denmark)
with permission from Dr L. Fenson (Devel-
opmental Psychology Lab., San Diego State
University, CA, USA). The CDI s a parent-
report instrument. The infant form evaluates
language comprehension, early word pro-
duction, and gestural communication. Lan-
guage comprehension is assessed by whether
the infant responds to “name”, “no” or
“there is mother” and from the number of
phrases (of 26) and words (of 409) that the

parent thinks the infant understands. The
assessment of word production is based on
whether the infant does lingual imitation
and labeling and from the number of words
spoken (of the 409). Gestural communication
was assessed by the use of gestures typical of
early and later communicative develop-
mentininfancy (of 18 and 45, respectively).
The toddler form is designed to assess
vocabulary (of 725 words) and grammatical
skills and also includes a section on syntax
and morphology. Grammatical skills are
determined from the use of past, future,
abstract, plural, possessive and past tense
and the number of irregular and overregu-
larized words (of 29 and 62, respectively).
Syntax and morphology is assessed from
whether the child combines words and from
sentence length and complexity (selected
number of complex members in 33 paired
examples). The parents were asked to fill
out the CDI forms when the child was 12
and 24 months old, respectively. The infant
and toddler CDI-form were returned from
140 and 122 of the children, respectively.
Forms, from which the age of the child at
completion could not be determined due to
missing dates or which were filled out when
the infant was more than 10% older than
intended (> 13.2 and > 26.4 months, respec-
tively) were excluded. Complete language
data at one and two years of age was
obtained from 131 and 111 children, respec-
tively, hereof 89 and 71 in the randomized
groups. No power calculation was possible
for the MacArthur CDI, as Danish normal
values has not been made and the previ-
ously reported association between infant
DHA-intake and CDI is based on normal-
ized data [14].

In a small validation study, eleven pairs
of Danish parents with 11-15 month-old
children were asked both to fill out the
infant CDI form totally independently of
each other. These 11 children had an aver-
age vocabulary production and comprehen-
sion of 10 and 65 words, respectively. There
was an overall significant association
between the language scores assessed by the
mothers and fathers (P-values for six out of
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ten sections in the questionnaire were
< 0.05 and the remaining < 0.16, r for non-
categorical variables 0.33-0.62) and no
bias (all ten P-values > 0.10). Scores for
language comprehension, word production
and gestural communication were signifi-
cantly correlated with one another in both
the validation group (P < 0.05 for eight out
of ten correlations between the non-cate-
gorical variables r = 0.52-0.89) and the
study group (all 10 correlations P < 0.001,
r=0.25-0.52).

2.3. Statistical analysis

All participants were included in com-
parisons of included and non-included chil-
dren, girls and boys, first children and
children with siblings, group characteristics
and developmental milestones. These anal-
ysis were performed as those of the two ran-
domized groups or if more that three groups
by Kruskal-Wallis and ANOVA for Gauss-
distributed and non-Gauss-distributed var-
iables, respectively. The main focus of the
analysis in this report was to compare the
two randomized groups. The problem solv-
ing ability and language scores of the
infants in the two randomized groups were
compared using 2-test for nominal data,
Mann-Whitney U-tests for ordinal data or
non-Gauss-distributed data (intentional solu-
tions, word production and early gestures at
one year and number of irregular and over-
regularized words and sentence complexity
at two years of age) or Student z-test for all
other variables (intention score, vocabulary
and phrase understanding and number of
late gestures at one year and vocabulary and
sentence length at two years of age). Uni-
variate association between the develop-
mental outcome measures and mean parental
education, age at testing and duration of
breast-feeding in the entire group of children
was investigated by correlation analysis
(Pearson for intention score and Kendall’s
for all other variables). The same tests were
used to look for associations between devel-
opment scores and the DHA content of
infant RBC at the end of the intervention in

the randomized groups. Furthermore, the
possible difference in intention score between
the randomized groups was compared by
ANOVA controlling for factors with known
influence on mental development: sex, mean
parental education, no of siblings, duration
of breast-feeding, age at testing, and a sex-
group-interaction term. Similar multiple
regression analysis for the association between
outcome and RBC-DHA also included the
estimated human milk intake.

All statistical analysis was performed by
SPSS (version 11.0, SPSS Inc., Chicago,
USA). Quantitative results from separate
groups are generally summarized as a mean
+ standard deviation (SD) or median (25th—
75th percentile) for non-Gauss-distributed
variables.

3. RESULTS

The DHA -intake of the infants in the FO-
supplemented group was increased 2.5 fold
(Tab. I) and the DHA level in infant RBC
at four months was increased by 40% [29].

All subjects that completed the interven-
tion period participated in the nine month
follow-up examination except one. The
children with data on cognitive and linguis-
tic development did not differ significantly
from those who did not complete these tests
with respect to gestational age, birth weight,
sex, compliance or estimated human milk
intake during the intervention period, parental
education or number of siblings (data not
shown).

No significant differences were observed
among the three groups with respect to
overall motor function (data not shown).
The infants in the high fish intake, OO- and
FO-supplemented groups were sitting with-
out support at 6.5+0.8,6.4+ 1.0 and 6.5 +
1.0 months of age respectively. At the nine-
month visit approximately 50% of the infants
were crawling and 45% were standing with
support.

The result of the Infant Planning Test is
given in Table II. More than 60% of the
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Table II. Problem solving at nine months of age in the supplemented groups (fish oil group (FO) and
olive oil group (O0)) and the reference group (HF). Data are given as mean + SD or median (25th—

75th percentile).
Randomized trial Reference

00 FO HF
Exact age (weeks) 38.5+0.5 38.6 0.6 38.6 0.7
No. on Infant Planning Test (boys:girls) 38 (20:18) 48 (31:17) 42 (23:19)
% with no intentional solutions 63 65 62
Median intentional solutions of entire problem 0 (0-20) 0(0-39) 0 (0-20)
(% of tests)
Intention score entire problem 43+3.6 45+3.1 45+33
Intention score boys 49+3.6 39+3.1 5.0+£3.6
Intention score girls 3725 5.7+2.7% 39+28

* Significantly different from that in the OO-group (P = 0.024). Statistical comparisons were done only
between the two randomized groups. The HF-group is shown as a reference group of mother with natu-

rally high fish intake.

infants (equally distributed between the
groups) were unable to solve the problem
they were given with intention. No differ-
ences were observed between the intention
scores of the two randomized groups (with
all infants included or without those, who
were estimated to be breast-fed < 50% during
the intervention period).

No significant univariate association was
found between intention score and the level
of DHA in infant RBC at the end of the
intervention (data not shown). A significant
positive effect of parental education was
observed on the intention score in the entire
group of infants (r = 0.175, P =0.049, n =
128). No significant difference between boys
and girls was observed in the intention
scores (P =0.846, n=128) or percent inten-
tional solutions (P = 0.265). However, in
the randomized groups there was a signifi-
cant interaction between sex and supple-
ment in an ANOVA-analysis of intention
score (P = 0.026, including supplement-
group, sex, mean parental education, number
of siblings and age at test; data not shown).
‘When the group-comparisons were performed
separately in each sex, then a significant
positive effect of FO-supplementation was
evident in the girls (¢-test P =0.024, n = 35).

The univariate association between RBC-
DHA and intention score in the girls was
r=0.288 (P =0.123, n = 30).

More than 97% of the children responded
to their name and “no” and 90% responded
to “there is mother” and the distributions
were similar in the groups (data not shown).
Around 15% of the infants did lingual imi-
tation and object labeling (Tab. III), which
corresponds well with the number of words
produced (typically 0-3 in infants, who did
not imitate and label, and 813 words in
those, who did). A significant difference
between the two randomized groups was
observed in passive vocabulary at one year
of age (Tab. III). In the randomized part of
the study active vocabulary at one year of
age was found to be significantly negatively
associated with the DHA-level of infant
RBC at the end of the intervention (r=-0.204,
P=0.016, n=69).

At two years of age > 85% of the chil-
dren had begun to combine words (equal in
groups, data not shown) and to develop
grammatical skills (marginally less in the
FO-supplemented group (P <0.10), Tab. III).
There were no significant differences in
vocabulary production or other language
scores between the randomized groups at
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Table I1I. Linguistic development in the infants at one and two years of age. Linguistic development
was assessed by the MacArthur Communicative Development Inventory (Danish). Data given as
unadjusted mean scores + SD or median (25th—75th percentile).

Randomized trial Reference
00 FO HF
No. at | year of age (boys:girls) 37 (19:18) 52 (33:19) 42 (22:20)
Exact age (months) 125+1.0 12.3+0.2 12.3+0.5
Starting to talk (%) 16 12 17
Early gestures (No.) 11 (9-12) 11 (8-12) 12 (10-13)
Late gestures (No.) 15+7 14+£6 16 +7
Phrases understood (No.) 116 11+£5 11£5
Vocabulary comprehension (No. of words) 71 =45 54 +37* 65 +40
Boys — Comprehension 7747 44 + 34% 58 £47
Girls — Comprehension 64 +£42 68 + 37 72 £30
Vocabulary production (No. of words) 5(2-11) 3(1-9) 5(1-11)
No. at 2 years of age (boys:girls) 31 (16:15) 40 (26:14) 40 (19:21)
Exact age (months) 24.8 +0.9 247+ 1.1 24.5+09
Vocabulary production (No. of words) 297 £ 147 242 + 170 312 + 146
Talk about “abstract” (%) 94 75 95
Use grammar (%) 32 25 40
Irregular words (No.) 3(1-7) 3 (0-6) 4 (2-5)
Overregularized words (No.) 1 (0-3) 1(0-2) 1(0-3)
Length of longest sentences (No. of words) 38+23 33+19 4.1+2.1
Sentence complexity (No. of complex of a pair) 3 (0-10) 1(0-7) 5(1-8)
Boys — Sentence complexity 4.5 (0-10) 0.5 (0-3)* 1.0 (0-5)
Girls — Sentence complexity 3.0 (0-10) 4.0 (1-13) 7.0 (3-11)

* Statistically significantly different from OO-group:

two years of age (Tab. III). Also no associ-
ations were observed between RBC DHA-
levels and language at two years of age
(data not shown).

Mean parental education was found to
have a negative influence on word compre-
hension and possibly also on word produc-
tion at one year of age (r = —0.228, P =
0.009, n =131 and r =-0.115, P = 0.075,
respectively). Girls had significantly higher
vocabulary than boys at one as well as two
years of age (P = 0.020 and P = 0.011,
respectively). In the randomized groups a
significant interaction between sex and sup-

P =0.045, P =0.005, P = 0.043, respectively.

plement-group was observed in an ANOVA-
analysis of vocabulary comprehension at
one year of age (P = 0.034, including sup-
plement-group, sex, mean parental educa-
tion, number of siblings and age; data not
shown). When the randomized groups were
compared in the two sex-subgroups, mater-
nal FO-supplementation was found to have
a significant negative effect on linguistic
abilities in boys only (Tab. III). Boys in the
FO-supplemented group also tended to
have less word production of at one year of
age, but this did not reach the level of sig-
nificance (P = 0.065). No association was
observed between word production at one
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year of age or sentence complexity at two years
and DHA in RBC at the end of the interven-
tion in the randomized boy sub-groups, but
there was a trend towards a negative asso-
ciation to word comprehension at one year
of age (r=-0.309, P = 0.059, n = 38).

All language parameters at one and two
years of age correlated significantly with
one another in the randomized part of the
study as well as in the entire study popula-
tion (e.g., vocabulary comprehension at one
year vs. production at two years of age r =
0.206, P = 0.003, n = 99, other correlations
not shown). No association was observed
between scores in the Infant Planning Test
and language at one and two years of age
(data not shown).

4. DISCUSSION

FO-supplementation of the lactating
mothers in this trial resulted in a 2.5-fold
increase in the DHA-levels of the breast-
milk [29]. This had no apparent effect on the
problem solving ability of the infants at
nine month of age, although it seemed to
have a positive effect in girls. A previous
maternal-supplementation trial found that a
similar increase in breast-milk DHA was
associated with a positive effect on the Bay-
ley mental development index score at one
year of age, which was no longer evident at
two years [25]. A recent Norwegian study
has shown that supplementation with cod
liver oil during pregnancy and lactation
resulted in an increased mental processing
score at four years of age [26]. However, in
another study, which supplied lactating
American mothers with much lower doses
of DHA than the other trials, no effects
could be found on mental development dur-
ing the first 2.5 years of life [27]. The results
of DHA-supplementation trials with term
formula-fed infants are conflicting with
respect to the impact on mental develop-
ment. One of the suggested causes of the
conflict has been the specificity of the cog-
nitive test [28]. The test we use in the
present study assesses a specific cognitive
type of behavior and is in this respect sim-

ilar to the one used in the Norwegian study,
whereas the other two trials have used glo-
bal tests of infant development. Willatts
et al. showed a beneficial effect of DHA
and AA on means-end problem solving at
nine and ten months of age in a small trial
with formula-fed infants [8, 9]. In that study
the intention score at nine months of age
was around seven with 36% intentional
solutions. The intentions scores of the
infants in the present study were for some
reason lower. Willatts et al. found an effect
of DHA + AA at nine months of age only in
those infants who at three months had dem-
onstrated poorer attention control [9]. Our
results indicate an effect only in girls. We
did not find that girls had higher intention
scores than boys, but it is the general view
that they with respect to most skills mature
faster than boys. The test has to be in
accordance with the maturational stage of
the children and may better detect differ-
ences between infants at a specific stage of
development. The apparent sex difference
may be a coincidence not reflecting a dif-
ference in problem solving, but rather small
sample size or other sex differences, e.g. in
accordance with the test.

In a combined randomized and observa-
tional trial intake of DHA was shown to be
associated with slower language acquisi-
tion in randomized formula-fed infants as
well as in breast-fed infants [14]. To our
knowledge, none of the previous maternal
FO-supplementation trial has investigated
the effect on language development in
breast-fed infants. We found significantly
lower verbal comprehension at 12 months
in FO-supplemented group and an inverse
dose response relationship between vocab-
ulary at one year and the DHA levels in
RBC after the intervention, both most pro-
nounced in boys. No sex difference was
reported in the previous study, but it fits the
assumption that mental advantageous effects
may be more pronounced in boys, who in
general mature more slowly. From the pre-
vious report the effect of DHA on language
development appears to be transient as no
difference was found beyond the second



544 L. Lauritzen et al.

year of life [11], which is in agreement with
the results of our over-all group compari-
sons. However, we did find a significant cor-
relation between language scores at one and
two years of age, as also shown in previous
data [34]. Also, although the difference was
no longer significant, the children in the
FO-group were the ones with the smallest
vocabulary at two years of age and there
was a significant difference in the boy-sub-
group. Since fewer of the children were
tested at two years of age the apparent lack
of effect at two years could be explained by
atype Il error. In a second trial, in which the
infant formulas were supplemented with
slightly lower levels of DHA, Auestad et al.
did notreproduce the negative effect on lan-
guage development at 14 months of age
[10]. Furthermore, a previous maternal
DHA-supplementation trial did not observe
any effect of a low-dose DHA-supplement
during lactation (breast-milk DHA levels
0.2-0.4% of fatty acids) on linguistic and
auditory milestones of the infants at 12 and
30 months of age [27]. The explanation for
these inconsistencies could be a simple
dose-response relationship, but more stud-
ies are needed to exclude that the negative
association between DHA -intake and early
language development is a chance finding.

The DHA concentration in breast-milk
of the high fish intake group was in between
that in the FO- and OO-supplemented groups.
The language scores of the high fish group
also tend to be intermediary to that in the
two randomized groups, whereas no such
pattern is apparent in the problem solving
scores. A habitual high maternal fish intake
would also affect the DHA supply during
fetal development. Several studies have
shown that DHA status during pregnancy or
at delivery can affect infant cognitive devel-
opment [20, 21]. The results of the Norwe-
gian maternal FO-supplementation trial in
which cod liver oil was provided from the
18th week of gestation indicate that the
intrauterine DHA exposure is more impor-
tant for mental development than that in
post-natal life [26].

Not all infants in the present trial were
exclusively breast-fed for the entire inter-
vention period, which limits the impact of
the maternal supplement on infant develop-
ment. Unfortunately the estimated human
milk intake was not equally distributed in
the randomized groups, but was more prev-
alent in the FO-group and thus would tend
to blur potential differences. Our trial was
limited also by a relatively low success rate
in the outcome measures (79-95%), which
has reduced the power of the study, espe-
cially when it comes to detecting differ-
ences that may be specific to one of the
genders. With around 40 children in each of
the groups for both outcomes this study had
power to show a difference between groups
of 0.6 SD. We observe a somewhat smaller
significant group-difference in one of
12 numerical variables along with some
differences in gender subgroups. These dif-
ferences could be random positive findings,
but show effects that are in agreement with
previously published results. Much of the
variation is caused by uncertainties in the
test. None of the outcome tests that we used
are standardized, validated test instruments
and both are beset with a high degree of
uncertainty. The Infant Planning Test depends
oninfantengagement and temperament and
on a subjective assessment of infant per-
formance. However, the inter-observer cor-
relation for the intention score was high.
Specific tests of complex cognitive behavior
like the Infant Planning Test are critically
dependent on the developmental stage of
the children. We only used the test at one
specific age and cannot judge if the match
is optimal for detecting differences within
the normal range for their age. We have not
been able to perform a long-term follow-up
on more validated childhood IQ tests.

The CDI forms have been translated into
Danish only recently and have not yet been
described with respect to normal values in
the population. Furthermore, the CDI is a
parent report instrument. Our data indicate that
it provides a reasonably consistent picture
of vocabulary. We found that the CDI-score
atone year of age appears to be independent
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of the parent who filled out the question-
naire and that there was a significant corre-
lation between the CDI-scores at one and
two years of age. The Danish population
has a high intake of n-3 LCPUFA compared
to that in many other Western countries
[35], which is reflected in relatively high
levels of DHA and lower levels of n-6
PUFA in breast-milk and RBC [1, 36].
Despite this intervention trial has given evi-
dence of effects on language development,
body mass composition (30) and possible
visual acuity [29] of an increase in maternal
n-3 LCPUFA-intake, indicating that the
n-3 PUFA needs of infants may be higher
than assumed at the present.

It is hard to make any assumptions about
the long-term effects of differences in cog-
nitive and language development in the first
year of life. The two-step problem-solving
score at nine months has been shown to cor-
relate positively with IQ and vocabulary
scores later in childhood, although account-
ing for only a small proportion of the vari-
ance in later 1Q [37, 38]. The predictive
value of early language assessments with
respect to later intellectual abilities is to our
knowledge not known. Scott et al. inter-
preted the negative association between
DHA intake of formula-fed infants and
14 month vocabulary as an adverse effect
[14]. They could however not show any dif-
ference in linguistic skills or IQ at three
years of age [11]. In the present study,
vocabulary at one year of age was signifi-
cantly associated with that at two years of
age and the boys of the FO-supplemented
mothers still had the poorest linguistic skills
when they were two years old. Early lan-
guage development was found to be negatively
associated with mean parental education, in
agreement with previous observations [39].
Empirically we would not expect low intel-
lectual achievements later in life of children
with highly educated parents. Thus, a neg-
ative effect of early DHA intake on lan-
guage acquisition does not necessarily
indicate an adverse effect. Cross-cultural
comparisons of CDI-data indicate that Dan-
ish children have slow early language

development compared to Swedish, Span-
ish and American children, but they appear
to catch-up within the second year of life
(D. Bleses, personal communication). This
may be due to a high prevalence of day-care
in Denmark or other cultural differences,
but if early language development is influ-
enced by DHA intake, then the relatively
high Danish fish intake could contribute to
this cultural difference.

5. CONCLUSION

Maternal FO-supplementation during
the first four months of lactation was found
not to have any beneficial effect on problem
solving, although the data indicate that
there may be an effectin girls. Maternal FO-
supplementation was found to result in a
reduction in vocabulary comprehension at
one year of age, especially in boys. This
effect may be transient since no or only lim-
ited differences were observed at two years
of age. Word production at one year was
associated with DHA levels in infant RBC
at the end of the intervention. Thus, the
results of this randomized trial indicate that
the DHA-content of breast-milk may affect
the mental development of breast-fed
infants. Whether a slow early language
acquisition represents an adverse effect is
unknown.
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