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Abstract
Increasing evidence suggests a positive association between docosahexaenoic acid (DHA, 22:6n-3) and cognitive performance. In
addition, pregnancy is associated with a reduction of the DHA status and cognitive deﬁcits. In the current study, cognition was
assessed in pregnant women receiving a margarine enriched with alpha-linolenic acid (ALA, 18:3n-3, the ultimate dietary precursor
of DHA) and some linoleic acid (LA, 18:2n-6, to prevent a possible reduction in n-6 fatty acids). A control group received a
margarine enriched with LA only.
ALA supplementation hardly affected the maternal DHA status and no signiﬁcant differences were found in cognitive
performance between the two groups. This indicates that ALA supplementation during pregnancy does not affect cognitive
performance during and 32 weeks after gestation. At week 14 of pregnancy and 32 weeks after delivery, higher plasma DHA levels
were associated with lower cognitive performance as indicated by longer reaction times on the ﬁnger precuing task (partial
correlation coefﬁcients 0.3705 and 0.4633, respectively, Po0:01). Since this could imply an unexpected adverse association between
DHA and certain aspects of cognitive functioning this certainly needs further investigation.
r 2003 Elsevier Ltd. All rights reserved.
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1. Introduction
Metabolites of the two essential fatty acids (EFAs)
alpha-linolenic acid (ALA, 18:3n-3) and linoleic acid
(LA, 18:2n-6) are important constituents of all cell
membranes, including those of the central nervous
system. Especially the long-chain polyunsaturated fatty
acids (LCPUFAs) docosahexaenoic acid (DHA, 22:6n3) and arachidonic acid (AA 20:4n-6) are present in high
concentrations in the cell membranes of the central
nervous system [1,2]. Recently, the vital role of the longchain polyunsaturated derivative of ALA, DHA, for
neural development has been recognized [3,4].
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Several studies have shown that the EFA and
LCPUFA status of pregnant women decreases during
pregnancy [5,6]. During pregnancy, cognitive functioning decreases too [7,8]. These two observations suggest
that there may be a link between LCPUFA status and
cognitive functioning during pregnancy. This possibility
is supported by evidence in children showing that the
fatty acid status at birth may affect certain aspects of
later brain function [9]. Both in premature [10–19] and
term infants [20–27], dietary long chain polyunsaturated
fatty acids, especially DHA, have been shown to
improve some functional aspects of the cerebral cortex
and retina. However, other studies failed to ﬁnd an
effect [28–32], especially in term infants. In addition,
Yehuda et al. showed that supplementation of Alzheimer patients with linoleic acid (LA, 18:2n-6) and ALA
resulted in improvements in short term memory and
improved ability to navigate in the home [33]. This
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might also suggest that EFA supplementation inﬂuence
cognition.
As far as we know, there are no studies investigating
the effect ALA, the ultimate dietary precursor of DHA,
on cognition during human pregnancy. This was the
goal of the present study. Hence, 56 pregnant women
were randomly allocated to either a control or an
experimental group. Both groups consumed a special
margarine from week 14 of gestation until the end of
pregnancy. Subjects in the experimental group received
a margarine enriched with the parent EFA of DHA,
ALA, whereas subjects in the control group received a
control margarine. Margarines from both groups contained an extra amount of linoleic acid (LA, 18:2n-6),
the dietary precursor of n-6 LCPUFAs, in order to
prevent a possible decrement in n-6 LCPUFAs, especially AA [34], as this is also a predominant LCPUFA in
brain tissue.
The key question was whether the experimental group
would show a cognitive performance different from that
in the control group. In addition, as DHA and AA are
the two most prominent LCPUFAs in brain tissue,
correlations between plasma DHA status and AA levels,
and cognitive task performance were examined.

2. Material and methods

of Obstetrics and Gynecology of hospitals in the same
area: University Hospital Maastricht, Atrium Medical
Centre in Heerlen and Maasland Hospital in Sittard.
Inclusion criteria were a gestational age less than 14
weeks at study entry, and good general health. Exclusion criteria were diastolic blood pressure higher than
90 mmHg, multiple pregnancy, use of medication, use of
(LC)PUFA rich supplements, origin other than Caucasian, or ﬁsh consumption higher than two times a week.
Each subject gave written consent to participate in the
study, which was approved by the Medical Ethics
Committees of the University Hospital Maastricht and
Maasland Hospital Sittard.
2.3. Supplements
As described in detail before [35] the margarines
provided by Unilever Research and Development,
Vlaardingen, The Netherlands, contained 79.5% fat,
while the remaining consisted of water (20%), vitamins
(0.04%), ﬂavor (0.04%), lecithin (0.03%), and BHT
(0.12%). The experimental margarine provided 2.82 g
ALA and 9.02 g LA per day with the requested
consumption of 25 g per day as this margarine contained
14.2% ALA and 45.4% LA of total fatty acids. The
margarine of the control group contained 0.17% ALA
and 55.02% LA of total fatty acids, resulting in 0.03 g
ALA and 10.94 g LA per 25 g margarine per day.

2.1. Design
2.4. Cognitive test battery
The current study was part of a double blind
intervention trial, investigating the effects of EFA
supplementation on maternal and neonatal LCPUFA
status and pregnancy outcome [35]. For this study,
pregnant women were followed from week 14 of
pregnancy through 32 weeks after delivery. Intervention
involved the consumption of at least 25 g of a special
margarine per day from week 14 of gestation on until
the end of pregnancy. The women were randomly
allocated either to the experimental (margarine with
ALA+LA) or the control group (margarine with LA).
The subjects were visited at their homes every 3 weeks to
receive their margarines. The leftovers were collected in
order to estimate margarine consumption. At weeks 14,
17, 29, and 36 of pregnancy, and 32 weeks postpartum,
cognitive tests were administered. Blood for plasma
fatty acid analyses was sampled at weeks 14, 26, and 36
of gestation, at partus, and at 32 weeks after delivery.
Correlations between fatty acid levels and cognitive
performance were calculated for weeks 14, 26/29, and 36
of pregnancy, and 32 weeks after delivery.
2.2. Study population
Subjects were recruited by midwives in the regions
Maastricht, Heerlen and Sittard and by the Department

Cognitive performance was measured, using different
neuropsychological tests with proven sensitivity to
assess cognitive functions [36–39], as recently described
by de Groot et al. [7,8]. In the present study we used the
following tests in ﬁve parallel versions, which were
randomly allocated to the subjects.
2.4.1. The visual verbal word learning task (WLT)
This task evaluates the ability to acquire and retain
new verbal information [40]. After presentation of 15
words, participants were asked to recall as many words
as possible (repeated three times). Dependent variables
were the mean number of words recalled over the ﬁrst
two trials (WLTtot) in order to measure encoding, and
the numbers of words recalled after 20 min, the delayed
recall (WLTdr), in order to measure retrieval.
2.4.2. The concept shifting test (CST)
The CST was used to measure the capability to shift
between concepts [41]. This test consists of three
subtasks: the subject had to cross out, in the proper
order, 16 circles containing numbers, (1–16; subtask I),
letters (A–P; subtask II), or both (1A–2B–3C, etc.
subtask III). The variables of interest were the average
times to complete subtasks I and II as a measure for
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general information processing speed, and the time to
complete subtask III as a measure for concept shifting
ability.
2.4.3. The Stroop Color-word Interference Test
The Stroop Color-word Interference Test as introduced by Stroop et al. [42] is a test of selective visual
attention and interference susceptibility. Subjects had to
read aloud a series of colors presented in black, to name
the colors of colored patches presented, and to mention
the incongruously ink color the color names were
printed in. Mean speed for subtasks I and II was used
as a measure of information processing speed (Str
I+II). Subtask III was used as a measure of color word
interference susceptibility (Str III).
2.4.4. The letter-digit-substitution-test (LDST)
The LDST is a measure for coding, including
processes such as visual perception, attention, and
memory [43]. Subjects were instructed to copy digits in
cells indexed by a letter. The letters referred to nine
letter/digit combinations at the top of the form. The
total number of digits correctly related to a letter was
used as the dependent variable.
2.4.5. Finger precuing task
Selective attention was operationalized by means of
this test, which involves the preparation and selection of
2 out of 4 possible responses. This task requires subjects
to respond to spatial stimuli with discrete responses
from index and middle ﬁnger from both hands. The
subtraction score between the reaction time on the
original four choices reaction time tasks (uncued
condition) and any of the other two choices conditions
is called the preparation beneﬁt. Mean reaction time
(RT(ms)) and mean preparation beneﬁt (PB(ms)) were
taken as measures of selective attention [44].
2.5. Fatty acid analyses
The fatty acid composition of the plasma phospholipids has been reported before by de Groot et al. [35].
For the present study it was decided to focus on
plasma levels of DHA and AA(%wt/wt), which are the
predominant LCPUFAs in brain tissue. In addition,
Osbond acid (ObA, 22:5n-6), which is generally accepted
as the deﬁciency marker for DHA received attention.
2.6. Questionnaires
At the start of the study (week 14), a questionnaire
was ﬁlled out in both groups. This questionnaire
included items about age, pre-pregnancy weight, height,
smoking habits, supplement usage, and medical history,
including former pregnancies and medical treatments. In
addition, education was measured on an 8-point scale,
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ranging from primary education to higher vocational
training and university [45]. Thirty-two weeks after
delivery another questionnaire was ﬁlled out, which
included items about course and duration of pregnancy
and breastfeeding.
2.7. Statistics
Unpaired t-tests were used to determine whether the
characteristics age, weight, height, and margarine
consumption were different between the control and
the experimental group. The Mann–Whitney U Test was
used in order to test whether differences existed between
the two groups in education levels, parity, and gravidity.
To detect possible differences in alcohol consumption or
smoking the Chi-square test was applied.
To investigate whether the supplement was effective in
changing the fatty acid levels during pregnancy, repeated
measures analyses of variance (ANOVA) was used.
Differences in cognitive performance between the experimental group and the control group were analyzed by
repeated measures ANOVA, too. Time during pregnancy
(weeks 17, 29 and 36) was used as within-subject factor,
and group (experimental group or control group) as
between-subjects factor. In all analyses, corrections were
made for possible differences in starting levels by
including test performance on week 14 as a covariable.
Education level was included as a covariable, too. The
Greenhouse-Geisser corrected signiﬁcance values were
used to adjust the tests involving the within-subject
factor heterogeneity of variance and covariances.
For both groups together, partial correlation coefﬁcients were calculated between selected fatty acid levels
as independent variables and cognition parameters as
dependent variables at weeks 14, 26/29, and 36 of
gestation and 32 weeks after delivery. Adjustments were
made for level of education. In addition, outliers as
indicated by high Cook’s distance were deleted from the
data set (3 subjects maximum per analysis).
The statistical package SPSS 10.0 was used to analyze
the results. Because of multiple testing, P-values o0.01
were considered signiﬁcant, unless otherwise indicated.

3. Results
3.1. Subjects
Only women from whom data were available at all
time moments, both on the cognitive tests and the fatty
acid analyses, were included in the present study. In
total, 57 pregnant women were considered suitable for
enrollment in the current study. However, 1 woman in
the control group was removed from the data set,
because she developed diabetes mellitus gravidae, from
which it is known that it inﬂuences fatty acid status
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[46–48]. Thus, ﬁnally 56 women participated in the study,
26 in the control group and 30 in the experimental group.
Table 1 shows the subjects’ characteristics. No
signiﬁcant differences were observed between the two
groups for any of these variables (P > 0:05). Average
margarine consumption per day in the control and the
experimental group was 27.072.9 and 27.773.4 g,
respectively. Based upon the ALA and LA content of
the respective margarines, the daily ALA and LA
intakes from margarine in the control group was 0.03
and 11.8 g, respectively, whereas women in the experimental group consumed 3.12 g ALA and 9.99 g LA from
the margarines supplied.

Age (yr)
Weight (kg)
Height (cm)
Educationa
Margarine consumption
(g/day)
Alcohol consumption (%)
yes/no
Smoking (%) yes/no
Parity (%) 0/1/>1
Gravidity (%) 1/2/3/>3
a

In Table 2 the results on the respective cognitive tasks
are presented. As shown in Table 3, no statistically
signiﬁcant differences were found between the experimental and the control group in cognitive performance
(P > 0:01). Both between-subjects effects as well as
within-subject effects were not statistically signiﬁcantly
different for the two groups. Only for one cognitive test
(i.e. the LDST) a trend was observed for an interaction
between time and group, indicating better performance
in the experimental group over time (F ¼ 3:199;
P ¼ 0:048).

Table 3
Results of the statistical analyses for the cognitive tests (P-values)

Table 1
Subject characteristics (mean7SD)
Characteristics

3.2. Effect of EFA supplementation on cognition

Control group
(n ¼ 26)

Experimental
group (n ¼ 30)

29.073.7
71.8712.1
16876
3.971.5
27.072.9

29.973.3
72.7716.6
17075
4.271.5
27.773.4

23.1/76.9

36.7/63.3

30.8/69.2
42.3/38.5/19.2
34.6/34.6/15.4/15.4

13.3/86.7
40.0/50.0/10.0
33.3/50.0/6.7/
10.0

Education has been measured on an 8-point scale [45].

Test

Group effect

Grouptime
effect

WLTtot (learning)
WLTdr (retrieval)
CST (I+II/2) (speed of operation
in working memory)
CST (III) (shifting ability)
Str (I+II/2) (information
processing speed)
Str (III) (color word interference)
LDST (coding)
RT (selective attention)
PB (selective attention)

0.416
0.411
0.453

0.868
0.397
0.957

0.132
0.113

0.132
0.084

0.384
0.146
0.312
0.870

0.222
0.048
0.377
0.154

WLT: words learning test, tot: total, dr: delayed recall, CST: concept
shifting test, Str: Stroop test, LDST: letter digit substitution test, RT:
reaction time on the ﬁnger precuing task, PB: preparation beneﬁt on
the ﬁnger precuing task.

Table 2
Cognitive performance during pregnancy in the control (C) and experimental (E) group (mean7SD)
Test
WLTtot # words
WLTdr # words
CST (I+II)/2 (s)
CST (III) (s)
Str (I+II)/2 (s)
Str (III) (s)
LDST # numbers/min
RT (ms)
PB (ms)

C
E
C
E
C
E
C
E
C
E
C
E
C
E
C
E
C
E

Week 14

Week 17

Week 29

Week 36

32 weeks pp

10.571.8
9.971.3
12.372.0
11.571.9
13.673.3
12.673.1
21.777.6
20.977.2
17.572.3
17.273.4
35.476.4
33.978.0
38.776.9
40.875.4
41447764
38347465
18.9733.5
32.0727.5

10.372.2
9.872.0
12.072.3
11.872.5
13.373.2
12.173.4
22.177.2
19.676.2
17.072.0
16.672.5
31.971.1
30.778.3
39.676.4
40.970.9
39747594
36667426
30.2725.3
29.7725.1

11.171.6
10.772.2
12.672.1
12.872.2
12.672.7
11.872.3
19.576.3
19.371.1
17.172.1
16.472.7
32.573.8
31.277.4
39.971.1
42.570.9
39067490
37317478
17.8719.5
27.9718.5

11.471.5
10.971.5
13.071.9
12.871.6
13.573.8
12.272.9
21.577.3
18.570.9
17.470.4
16.472.3
32.576.6
29.876.1
40.271.2
43.771.0
39387541
36517451
21.8720.1
27.5715.1

10.871.5
10.371.1
12.771.6
12.571.7
12.373.5
12.072.9
21.471.6
19.175.8
16.571.6
16.072.4
30.475.4
29.077.3
39.776.7
42.971.0
37467460
35897442
26.0718.8
33.3721.2

Note: pp: postpartum, WLT: words learning test, tot: total (mean of trial 1 and 2), dr: delayed recall, CST: concept shifting test, Str: Stroop test,
LDST: letter digit substitution test, RT: reaction time on the ﬁnger precuing task, PB: prebaration beneﬁt on the ﬁnger precuing task.
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Table 4
Plasma fatty acid levels during and after pregnancy (mean7SD) (n ¼ 26 in control group (C) and 30 in experimental group (E))
FA
a,b

ALA
AA

DHA
ObAa

C
E
C
E
C
E
C
E

Week 14

Week 26

Week 36

Partus

32 week pp

0.2270.08
0.2270.08
9.8371.75
9.5671.70
4.0470.87
4.4871.01
0.3470.13
0.3070.08

0.2370.07
0.4370.13
8.7471.31
8.0671.62
3.7270.94
3.8970.68
0.3970.14
0.2870.08

0.2170.06
0.3970.13
8.2871.23
7.8071.51
3.6870.92
3.9570.87
0.4470.15
0.3070.11

0.2070.08
0.3870.14
8.7171.28
8.1971.36
3.5770.82
3.9470.96
0.4570.19
0.3370.11

0.1570.06
0.2070.07
10.1371.73
9.5471.93
3.1571.03
3.1070.80
0.2170.09
0.2170.08

Note: ALA: alpha-linolenic acid (18:3n-3), AA: arachidonic acid (20:4n-6), DHA: docosahexaenoic acid (22:6n-3), ObA: Osbond acid (22:5n-6).
a
Signiﬁcant difference between the two groups at weeks 26 and 36 of pregnancy and at partus (Po0:05).
b
Signiﬁcant difference between the two groups 32 weeks after delivery (Po0:05).

3.3. Effect of EFA supplementation on EFA and
LCPUFA status
EFA supplementation during pregnancy resulted in
statistically signiﬁcant main group effects for ALA and
ObA, indicating signiﬁcantly higher levels of ALA and
lower concentrations of ObA in the experimental group
(P ¼ 0:000 and P ¼ 0:003; respectively) compared to the
control group during pregnancy (Table 4). AA and
DHA levels were not signiﬁcantly different between the
two groups. No signiﬁcant grouptime effects were
found, indicating that none of the investigated fatty
acids changed over time.
Thirty-two weeks after delivery, the two groups were
not signiﬁcantly different from each other in terms of
fatty acid levels, with the exception of ALA, which was
still signiﬁcantly higher in the experimental group
(P ¼ 0:005).
3.4. Correlation between plasma fatty acid
concentrations and cognitive functioning
DHA concentrations during early pregnancy (week
14) and at 32 weeks after delivery were positively related
to the reaction times of the ﬁnger precuing task (partial
correlation coefﬁcients 0.3705 and 0.4633, respectively,
Po0:01 for both). Thus, reaction times were longer
(and, consequently, this aspect of cognition lower) with
higher plasma DHA concentrations. Other signiﬁcant
correlations were not observed.
Neither AA nor ObA was signiﬁcantly related to
performance on any of the cognitive tests.

4. Discussion
The aim of the current study was to investigate the
effect of supplementation with ALA, the parent fatty
acid of DHA, on various aspects of cognitive functioning during and 32 weeks after human pregnancy.
Additional LA was given in order to prevent a

decrement in AA concentration, which frequently
accompanies an increased consumption of n-3 fatty
acids [34].
Performance on none of the cognitive tests was
different between the two groups. Thus, it can be
concluded that we did not ﬁnd an effect of ALA
supplementation on cognitive functioning during
pregnancy.
DHA and AA are the predominant LCPUFAs in
brain tissue and although ALA+LA supplementation
did not increase DHA levels in the plasma phospholipid
fatty acids of the experimental group, the lower ObA
levels in this group indicated a better functional DHA
status indeed [35]. Alterations in brain function are
presumed to follow from the biochemical consequences
of modifying membrane PUFA content [49]. Known
effects include modiﬁcations in membrane ﬂuidity, in
the activities of membrane-associated functional proteins, such as transporters, enzymes, and receptors, and
in the production of important signaling molecules
derived from EFA, such as prostaglandins and eicosanoids [50–52]. A possible explanation for the fact that no
effect of EFA supplementation on cognition was found
in the current study could be that the ALA and LA
conversion into DHA and AA, respectively, was too
limited, since these processes have been shown to be
rather inefﬁcient, indeed [35]. In this study the women
were supplemented with ALA and LA, and, as has been
shown repeatedly, these parent fatty acids are desaturated and elongated into their longer-chain moreunsaturated fatty acids DHA and AA in low amounts
[53–57].
Fatty acids of the n-3 fatty acid family do not
necessarily affect all neural domains to the same extent.
Thus, it has been shown that deﬁciency of n-3 fatty acids
in monkeys lead to slower visual processing speed [58],
but did not inﬂuence learning or memory performance
[59]. In the current study, we did ﬁnd correlations
between plasma DHA levels and reaction time on the
ﬁnger precuing task, which measures selective attention.
However, these correlations were negative, indicating
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that a higher DHA concentration in maternal plasma
phospholipids was associated with lower cognitive
performance. Whether this ﬁnding can be attributed to
chance or whether this is a realistic ﬁnding, with a
plausible biochemical explanation needs to be further
elucidated.
The above-mentioned negative correlation was only
found at early pregnancy (week 14 of gestation) and at
32 weeks after delivery, but not during advanced
pregnancy. However, a potential association between
plasma DHA concentrations and cognition during midand late-pregnancy might be overruled by other factors
inﬂuencing cognition, such as hormones [60], mood
[61,62], and sleep deprivation [63], which are all striking
features of pregnancy. Further research is needed to
clarify this issue.
In conclusion it can be said that ALA supplementation during pregnancy does not inﬂuence cognitive
performance. As it can be expected that supplementation with DHA will affect brain DHA levels more
efﬁciently than ALA supplementation, a supplementation study with DHA (preferably in combination with
AA) is warranted to obtain further information about
the possible role of LCPUFAs in cognitive performance.
However, such a study should be restricted to men and/
or non-pregnant women, as long as the causality of the
negative relation observed in the present study between
plasma DHA concentration and selective attention has
not been refuted.
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