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Stellingen
behorende bij het proefschrift

Fatty acids, Pregnancy, and Cognition

1. Zwangerschap is geassocieerd met verminderde geheugenfuncties 
(dit proefschrift).

2. Een snel herstel van de docosahexaeenzuur beschikbaarheid na de bevalling 
verlaagt de kans op depressieve symptomen bij de moeder 
(dit proefschrift).

3. In het menselijk lichaam wordt alfa-linoleenzuur nauwelijks omgezet in
docosahexaeenzuur; dit geldt ook tijdens de zwangerschap
(dit proefschrift).

4. In de weken na de bevalling wordt het functioneren van de moeder gekenmerkt
door een verminderde snelheid en efficiëntie van informatieverwerking 
(dit proefschrift).

5. De initiële stijging in plasma docosahexaeenzuurconcentraties bij zwangere
vrouwen wordt mogelijk veroorzaakt door mobilisatie van dit vetzuur uit de
maternale hersenen.

6. Bij het gebruik van plasmaconcentraties als proxy voor weefselsamenstelling 
dient men zich het volgende te realiseren:“It is the tissue that is the issue” 
(naar J. Hibbeln, ISSFAL conference 2002).

7. Een geheugenklacht kan een gevolg zijn van een verminderde snelheid van
informatieverwerking.

8. Veranderingen in de voedingsgewoonten zouden de toename in het aantal 
patiënten met psychische klachten de afgelopen jaren gedeeltelijk kunnen verklaren.

9. All nutrients are poisons.There is none, which is not a poison.
The right amount differentiates a poison and a proper diet 
(naar Paracelsus 1493-1541)

10. Cogito, ergo possideo DHA (I think, therefore I have DHA) 
(T. Brenna, ISSFAL conference 2002)
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INTRODUCTION
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Several studies have shown that the essential fatty acid (EFA) status of pregnant women
changes during pregnancy (1, 2). These fatty acid changes are not unique for the Dutch popu-
lation, but are found in other nationalities as well (3). As these fatty acids are important
building blocks for all cell membranes and especially for those of the central nervous sys-
tem, they might play an important role in normal brain functioning. In addition, the sug-
gestion exists that the current EFA status of neonates born to healthy mothers is sub-
optimal (4). Since there is a strong correlation between maternal and neonatal fatty acid
status (5) it seems important to improve the maternal EFA status in order to prevent cog-
nitive changes and optimize brain development and function.

The predominant long-chain polyunsaturated fatty acids (LCPUFAs) in brain tissue are
docosahexaenoic acid (22:6n-3, DHA) and arachidonic acid (20:4n-6, AA). A shortage of
these fatty acids, and DHA in particular has also been mentioned to play a possible role in
several psychiatric disorders like depression ( 6 - 1 3 ), schizophrenia ( 1 4 - 1 7 ) and attention-
deficit/hyperactivity disorder (ADHD) (18-20). Therefore, it will be investigated in the pres-
ent thesis whether the DHA status of pregnant women and their neonates could be
increased without changing their AA levels by supplementation with a margarine rich in
alpha-linolenic acid (18:3n-3, ALA) and linoleic acid (18:2n-6, LA), the precursors of DHA
and AA, respectively. In addition, the effect of EFAs and their longer-chain, more unsatu-
rated derivatives (LCPUFAs) on certain aspects of brain functioning were studied. 

In the next paragraphs relevant background information about fatty acids, and cogni-
tion are given. Subsequently, the effect of pregnancy on the maternal fatty acid status and
the effect on the fetus are described. Thereafter, this chapter will focus on cognition and
the possible relation between pregnancy and cognition. Finally, the outline of this thesis
will be presented.

Fatty acids
Fatty acids consist of a chain of carbon atoms (C-atoms) with at one end a carboxyl ter-
minus (COOH) and at the other end a methyl head group (CH3) (see figure 1.1). The car-
bon chain can vary in length and degree of unsaturation. The nomenclature of fatty acids
is based on these characteristics. 

Figure 1.1 General chemical structure of a saturated fatty acid

Fatty acids with no double bonds are called ‘saturated’; those with at least one double
bond ‘unsaturated’. The most common fatty acids of the last group are fatty acids from
the n-3, n-6, n-7 and n-9 families. In these families the first double bond is located
between the 3rd and 4th, 6 th and 7th, 7th and 8th or 9th and 10th C-atom, as counted from the
methyl end (n-designation), respectively. A variety of notations is available to indicate fatty
acids. In this thesis, a system is used in which the first number refers to the number of C-
atoms and the second number to the number of double bonds, followed by the family
assignment (for example, ALA is 18:3n-3). As illustrated in figure 1.2, the parent fatty
acids of the n-3 and n-6 families can be further metabolized to their longer-chain, more

ChapterChapter 1
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Figure 1.2 Schematic presentation of the major pathways of fatty acid metabolism
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unsaturated derivatives, the long-chain polyenes (LCPs) by means of an alternating
sequence of chain desaturation and elongation reactions, followed by one cycle of β-oxi-
dation. 

Desaturation introduces a double bond between the carboxyl group and the nearest
double bond, so that molecules successively formed, retain the position of the first dou-
ble bond in relation to the methyl end of the carbon chain (21). Elongation results in the
incorporation of a two-carbon unit from malonylCoA into the activated fatty acid chain
proximal to the carboxyl group (22).

The n-6 family and the n-3 family are called the families of the essential fatty acids
(EFAs). Reason for this is that mammals, in contrast to plants, lack the enzymes necessary
to insert double bonds at n-6 or n-3 positions (23). So, human cannot synthesize the parent
EFAs, LA and ALA de novo, although these fatty acids are needed for several body func-
tions (24, 25). Therefore, they must be provided by the diet. LA and ALA are mainly present
in seed oils (ALA also in green leaves).

Once taken up by the body, these EFAs can be further desaturated and elongated into
more unsaturated derivatives, the long-chain polyenes (LCPs), which are also essential for
human health. In the process of desaturation and elongation the first ∆6-desaturation is a
rate limiting step (23). Because all fatty acid families use the same desaturase enzymes, they
compete mutually for these enzymes. However, ∆6-desaturase prefers ALA as a sub-
strate, followed by, in order, LA, oleic acid (18:1n-9) and palmitoleic acid (16:1n-7). In
addition, ∆6-desaturase activity is influenced by availability of the substrate and concentra-
tion of the product. Thus, at the moment that ALA levels are sub-optimal, LA will be
metabolized, followed by oleic acid, consequently increasing the levels of Mead acid
(20:3n-9). In this way Mead acid (20:3n-9) is a marker for sub-optimal levels of fatty acids
of the n-3 + n-6 families. Osbond acid (22:5n-6, ObA) is a specific deficiency marker for
DHA, because in case of insufficient DHA, the conversion of adrenic acid (22:4n-6, AdrA)
into ObA increases. As the conversion from the parent fatty acids ALA and LA into the
major LCPs of the central nervous system, DHA and AA, respectively, occur inefficiently,
it seems favorable to consume these important fatty acids with the diet. AA and DHA can
be found in lean meat. Besides, egg yolk is an important source of AA and fatty fish of
DHA.

Effect of pregnancy on maternal fatty acid patterns
Pregnancy is generally associated with a marked hyperlipidemia i.e. a 65% increase in plas-
ma phospholipid concentration from first trimester through term (26, 27). For this thesis we
concentrate on the changes in fatty acid patterns and of DHA, AA, and their status mark-
ers in particular, as an effect of pregnancy. Otto et al studied the fatty acid status of preg-
nant women during early gestation ( 2 ). The fatty acid status from week 10 of gestation
until delivery was studied by Al et al (1), while Otto et al focused on fatty acid pattern in
the postpartum period (28) in both a lactating and non-lactating group. These results are
summarized in figure 1.3.

It appeared that between early pregnancy and delivery, plasma concentrations (mg/L)
of phospholipid associated EFAs and their LCPs increase. However, non-essential unsatu-
rated fatty acids increase considerably more. These results combined, reveal that the
increase in total absolute amounts of fatty acids is to a greater extend caused by an
increase in non-essential fatty acids (>65%) and to a lesser extend by an increase in essen-
tial polyunsaturated fatty acids (PUFAs) (40%), resulting in a decreased overall EFA index
((n-3+n-6)/(n-7+n-9)) during pregnancy.

Chapter 1
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In this thesis we are especially interested in DHA and AA (see figure 1.3), because
these are the predominant fatty acids in brain tissue. AA decreases during pregnancy and
DHA shows a very peculiar pattern as a result of pregnancy; an initial increase until week
18 of pregnancy and afterwards a decline. This suggests that the maternal DHA status is
sub-optimal during pregnancy. In addition, the decline after parturition is stronger in lac-
tating than in non-lactating women. The sub-optimal status of DHA is supported by an
increase in the general PUFA status marker Mead acid, and of the specific DHA status
marker ObA during gestation. The initial increment in DHA could result from a change in
dietary habits during pregnancy, however this was not confirmed by results from Al et al ( 2 9 ).
Another explanation could be increased DHA synthesis from its precursors, however this
process is said to occur at a low rate only ( 3 0 ). A third possible explanation for the
increase in DHA is increased mobilization from maternal stores, like fat stores or brain
tissue. What the exact mechanism(s) is (are) remain(s) to be investigated.

Figure 1.3 Calculated patterns of percental changes of relative amounts of DHA, AA, 
and ObA in maternal plasma phospholipids during pregnancy and the postpar-
tum period (results are based on data from Al et al and Otto et al)

Relation between fatty acids status of the mother and her child
EFAs do play a crucial role in brain development that takes place especially at the begin-
ning of pregnancy and during its third trimester. To obtain these EFAs, the fetus primarily
depends on EFA transport via the placenta from the mother. Thus, it is not surprisingly
that there is a strong correlation between the maternal EFA status and the neonatal EFA
status at birth (1). Fatty acid composition of the umbilical cord, both plasma and tissue,
suggest that the EFA status in newborns is sub-optimal, because the EFA status is lower
downstream (arteries) than in the upstream (vein) area (5).

Supplementation of pregnant women with LA causes a higher neonatal n-6 status, how-
ever the neonatal n-3 fatty acid status decreased concordantly (31). Supplementation during
pregnancy with fish oil, which is rich in n-3 fatty acids, showed a reverse effect: the
neonatal n-3 fatty acid status increased, whereas the n-6 fatty acids decreased ( 3 2 ). 
A decrement in n-3 or n-6 fatty acid status is considered an undesirable situation, as fatty
acids from both families are present in brain tissue.

In conclusion, it can be said that there is a strong correlation between the maternal
and fetal/neonatal EFA status. The fatty acid status of the latter may be sub-optimal and, if
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so, it would be favorable to improve it, because of the important role of EFAs in brain
function. This improvement can be obtained by fatty acid supplementation, however the
most efficient way still remains to be determined. In addition, also the functional effects of
an optimal EFA status of both mother and child are still unclear, although strong evidence
exists for a possible role in cognitive functioning, at least in childhood (33-35).

Cognitive performance
In this thesis it will be investigated whether changes in cognitive performance can be
found during pregnancy, which are related to the pregnancy induced changes in fatty
acids, especially DHA and AA. Reports are available which show that the fatty acid status
at birth affects cognitive development at 4 years of age (36). This implies that fatty acids
may play an important role in cognitive functioning indeed. Therefore, it was decided to
use various aspects of cognitive functioning as outcome parameters to investigate changes
in cognitive performance during pregnancy and the possible effect of fatty acid supplemen-
tation. Some background information with respect to the most important cognitive
processes is given in the remainder of this paragraph. 

The term ‘Cognition’ originates from the Latin word “cognoscere”, meaning 'to know'.
In general it can be said that cognition is a term, which is used to describe the mental
activities involved in judgment, decision making, problem solving, imagination, and other
aspects of complex thought.

Figure 1.4 Model of human cognition (based upon Bernstein et al (37))

The information-processing approach offers a general model of human cognition 
(figure 1.4). According to this model, between the presentation of a stimulus and the exe-
cution of a response, information is received, transformed, and manipulated through a
series of stages (37). In the first stage, information about the stimulus reaches the brain by
way of sensory information. This stage does not require attention. In the second stage,
information must be perceived and recognized. In order to recognize a stimulus the per-
ceived pattern has to be matched with a pattern in long-term memory. In addition, vari-
ous kinds of encoding are used to hold new information in memory. In the third stage,

ChapterChapter 1
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once a stimulus has been recognized, it is neccessary to decide what to do with it. This
stage demands more attention than perception does. The information may simply be
stored in memory. If, however, the decision is made to take some action, a response
must also be selected before the fourth stage -execution of the response- can occur.

The cognitive processes, which are most relevant for this thesis, have to do with the
model of central information processing, which includes m e m o r y and a t t e n t i o n.
The choice to concentrate on these processes has been based upon the finding that preg-
nant women complain about concentration problems and everyday forgetting in particular
( 3 8 - 4 1 ).

Memory as a process can be classified in three parts, namely encoding of information,
storage of information, and retrieval of information ( 4 2 ). Over the years there has been
some evolution in the conception of memory. A major aspect of memory, which is nowa-
days considered very important, is the ‘working memory’, which can be envisaged as a
‘temporary holding device’. This device enables the processing of new information into
more long-term stores, and processing of information that is already stored. Important
terms to describe other aspects of the memory system are short-term memory, also
called immediate memory (less than minutes), and long-term (hours or longer) memory.
Long-term memory is traditionally divided in procedural memory and declarative memory ( 3 7 ).
Procedural memory, also named implicit or non-declarative memory, refers to knowledge
we have no conscious access to, like skills and habits. Knowledge we have conscious
access to is called declarative or explicit memory. It can be distinguished again in two
domains: episodic memory is that part that represents episodes in our personal history
(events), while semantic memory is world knowledge that one remembers in the absence
of any circumstances about learning it (facts). A wide variety of tests is available, which
are used to measure the aspects of memory mentioned above. In this thesis, we will con-
fine ourselves to the use of a word learning test ( 4 3 ), measuring encoding and retrieval
from long-term memory, and the Fluency test, which concentrates on semantic memory ( 4 4 ).

Apart from memory performance, an important place is given to the measurement of
‘Central information processing speed’. The basic notion is, that the efficiency at
which the brain processes incoming sensory information, compares it with information
which is already stored in the long term memory, and decides as to the optimal behavior
and motor action which has to be taken, is manifested in the speed at which particular
cognitive actions are performed. There are tests of general information processing speed
at many cognitive domains. Here we use the Letter-Digit-Substitution-Test ( 4 5 ) and the
Concept-Shifting-Test (46).

Attention can be described as the process of directing and focussing certain psycho-
logical resources, usually by voluntary control, to enhance information processing, per-
formance, and mental experience. Attentive behaviors have a hierarchical structure (42). At
the most global levels are states of alertness such as sleep and wakefulness. Wakefulness
includes more and less attentive states, such as drowsiness, alertness, and hyper-alert-
ness. The attentive states can be further divided in selective attention by ignoring certain
stimuli or by paying selective attention to certain stimuli. In the present thesis, the Stroop
test (47) and the Finger precuing task (48, 49) are used to measure selective attention. 

Choice for the above-mentioned tests was based upon their effectiveness shown in
orther studies, concerning mild cognitive impairments ( 5 0 - 5 3 ). Whether the above-men-
tioned cognitive tests show effectiveness in measuring cognitive performance during preg-
nancy will be further elucidated in the later chapters of this thesis.

Introduction
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Cognition and pregnancy
Many pregnant women complain about reduced memory and attention deficits during
pregnancy. Research into the relationship between pregnancy and cognitive function
received already attention as far back as the sixties (39, 54).

Since that time, several case reports have been published (38, 41, 55, 56), all reporting a nega-
tive change in cognitive functioning during pregnancy. This was confirmed by a number of
cross-sectional studies investigating subjective cognitive decline (40, 57), objective cognitive
decline (58), or both (59, 60). However, several other studies only reported subjective memory
loss, whereas objectively no effects were found (39, 61, 62). Christensen et al even demonstrat-
ed that pregnancy may confer a selective cognitive advantage (63). 

Summarizing the available longitudinal data (54, 64-69), it can be said that almost all authors
report an effect (subjective or objective) of pregnancy on cognition, however whether
this is in the first, second, or third trimester or even in the postpartum period is equivo-
cal. In addition, the question which factor or factors is/are responsible for this effect is
unclear. Furthermore, the role of fatty acids needs to be studied more precisely. Moreover,
in some studies a reliable control group was lacking (54, 64) or cases and controls were not
tested in the same testing room ( 6 6 ). Therefore, we conducted a study in which cognitive
performance of pregnant women, which were followed from week 14 of pregnancy until
32 weeks after delivery, was compared with cognitive performance of a group of non-
pregnant women matched for age and education. Because fatty acids play a possible role
in cognitive performance during pregnancy, the effect of EFA supplementation during
pregnancy on cognitive performance was also studied.

Outline of this thesis
The aim of the current thesis was twofold. The first aim was to improve the maternal and
neonatal fatty acid status with a LA containing margarine rich in ALA, the ultimate dietary
precursors of AA and DHA, without changing the AA status. The second was to study
cognitive changes during pregnancy and its potential relationship with the EFA status.

At first we investigated whether our supplement, a combination of n-3 and n-6 fatty
acids, was effective in improving the maternal and neonatal fatty acid status. We therefore
conducted a study in which pregnant women were supplemented with either a control
margarine (LA only) or an experimental margarine with ALA and LA. The effects on
maternal and neonatal EFA status and the effect on birth weight and gestational age were
studied (Chapter 2). 

In order to investigate whether there is an effect of early pregnancy on cognitive func-
tioning, performance on a cognitive test battery of a group of pregnant women at week
14 of gestation was compared with performance of a group of non-pregnant women. This
study is described in Chapter 3. 

As has been mentioned by other researchers, different cognitive functions can be
affected by pregnancy. These discrepant findings may be due to differences in the duration
of pregnancy when the subjects were studied. We studied cognitive performance in preg-
nant women in a longitudinal design from week 14 of pregnancy up until 32 weeks after
delivery and compared the results again with those of a matched non-pregnant control
group tested at comparable time intervals. The results of this study are presented and
discussed in Chapter 4. Chapter 5 concentrates on one specific aspect of cognition,
namely selective attention. 

As fatty acids are important constituents of all cell membranes, including those of the
central nervous system, it might be possible that EFA supplementation during pregnancy

ChapterChapter 1
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improves maternal cognitive functioning. Whether or not EFA supplementation during
pregnancy affects maternal cognition during and after pregnancy is described in Chapter 6.

Whether fatty acids influence other aspects of brain functioning is illustrated in
Chapter 7. In this chapter we investigated the possible association between fatty acids
and postpartum depression. 

Finally, in Chapter 8 the conclusions of these studies and their possible implications
are discussed.

Introduction
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ABSTRACT

Background: The maternal essential fatty acid status declines during preg-

nancy, as a result of which the neonatal concentrations of docosahexaenoic

acid (DHA, 22:6n-3) and arachidonic acid (AA, 20:4n-6) may not be optimal. 

Objective: Improving the maternal and neonatal fatty acid status by sup-

plementation of pregnant women with a combination of α-linolenic acid

(ALA, 18:3n-3) and linoleic acid (LA, 18:2n-6), the ultimate dietary precur-

sors of DHA and AA, respectively. 

Design: From week 14 of gestation until delivery, pregnant women con-

sumed 25 g of a margarine supplying either 2.8 g ALA + 9.0 g LA (experi-

mental group, n = 29) or 10.9 g LA (control group, n = 29) per day. Venous

blood was collected for plasma phospholipid fatty acid analyses at weeks 14,

26 and 36 of pregnancy, at delivery, and 32 weeks postpartum. Umbilical

cord blood and vascular tissue samples were collected to study the neona-

tal fatty acid status also. Pregnancy outcome variables were assessed. 

Results: ALA + LA supplementation did not prevent the maternal DHA and

AA declines during pregnancy and compared to LA supplementation it did not

increase the maternal and neonatal DHA concentrations, although eicosapen-

taenoic acid (20:5n-3, EPA) and  docosapentaenoic acid (22:5n-3, DPA) concen-

trations were increased. In addition, it lowered the neonatal AA status. No 

differences in pregnancy outcome variables were found.

Conclusion: Maternal ALA + LA supplementation did not promote the

neonatal DHA + AA status, although the lower concentrations of Osbond acid

(22:5n-6) in maternal plasma and umbilical arterial vessel walls phospholipids

suggest that the functional DHA status improves upon ALA+LA supplementation.
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INTRODUCTION
It is well known that the biochemical essential fatty acid (EFA) status and long-chain poly-
ene (LCP) status of pregnant women decreases during pregnancy ( 1 ). This particularly
applies to arachidonic acid (20:4n-6, AA) and docosahexaenoic acid (22:6n-3, DHA), the
major LCPs derived from linoleic acid (18:2n-6, LA) and alpha-linolenic acid (18:3n-3,
ALA), respectively. Since the developing fetus depends on its mother for LCP accretion (2, 3),
the neonatal LCP status may not be optimal under the present dietary conditions (1, 4).

AA and DHA are important building blocks of all cell membranes and are present in high
concentrations in neural and retinal tissues ( 5 - 7 ). Infants born preterm often experience neuro-
developmental problems (8, 9), and although a causal relationship with their low LCP status at
birth has not been ascertained, such an association is suggested from results of postnatal inter-
vention studies which generally demonstrate that early LCP supplementation results, at least
temporarily, in improved neuro-mental development ( 1 0 - 1 2 ). Also in term neonates, having a high-
er LCP status than preterm infants ( 1 3 ), LCP supplementation has been shown to improve
neuro-mental development, although the results are less convincing than for preterm infants ( 1 4 - 1 8 ). 

The central nervous system has a growth spurt in the last trimester of fetal develop-
ment. Therefore, an adequate prenatal LCP availability can be considered of key impor-
tance for optimal brain development and function. This view is supported by recent find-
ings of Bakker and coworkers, demonstrating that certain measures of brain maturation
at 7 years of age are positively related to the neonatal DHA status at birth (19). 

To increase the fetal DHA availability and neonatal DHA status, maternal supplementa-
tion with fish oil has been used successfully. However, increasing the DHA status of preg-
nant women with fish oil lowers the concentrations of AA in their infants (20, 21). Since AA
is the second-most abundant LCP in neural tissue (22), this may not be desirable. Although
endogenous DHA synthesis from dietary ALA is limited in humans (23-26), recent evidence
suggests that this synthesis may be increased during pregnancy (27). Moreover, ALA supple-
mentation has been shown to result in accretion of ALA-derived DHA in the brain of f e t a l
baboons ( 2 8 ). Therefore, dietary ALA may present an effective alternative for fish oil to
increase the maternal and neonatal DHA status. Since Al and coworkers demonstrated that
the neonatal n-6LCP status can be increased by supplementation during pregnancy with LA
( 2 9 ), the aim of the current study was to increase the availability of maternal DHA and AA for
fetal accretion by supplementation of pregnant women with a margarine containing relatively
high amounts of ALA and LA, the ultimate dietary precursors of DHA and AA, respectively. 

SUBJECTS AND METHODS

Experimental design
The study was a double blind, randomized, controlled dietary intervention trial in preg-
nant women who were randomly assigned to receive at least 25 g per day of an ALA-
enriched, high-LA margarine (experimental group) or of a high-LA margarine without
ALA (control group) from week 14 of pregnancy until delivery. During pregnancy, the
subjects were visited at their homes every three weeks to provide them with the mar-
garines, to have questionnaires filled out, or to collect blood (at weeks 14, 26, and 36 of
pregnancy). Immediately upon delivery, another maternal blood sample was collected,
together with a blood sample of the umbilical vein and a piece of the umbilical cord.
Finally, a maternal blood sample was drawn 32 weeks after delivery.

From the blood and tissue samples collected, phospholipid fatty acid profiles were deter-
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mined by gas chromatography, to investigate the effect of intervention on the EFA and LCP sta-
tus of the mothers during pregnancy and at 32 weeks after delivery, and of the neonates at birth.

Subjects
The pregnant subjects were recruited by midwives in the regions Maastricht, Heerlen,

and Sittard in the Southeastern part of the Netherlands, and by the Departments of
Obstetrics and Gynecology of hospitals in the same area (University Hospital Maastricht,
Atrium Medical Center in Heerlen, and Maasland Hospital in Sittard). The selection crite-
ria for study entry were: Caucasian origin, a gestational age less than 14 weeks, normal
health, i.e. not suffering from any hypertensive, metabolic, cardiovascular, renal, psychi-
atric, or neurological disorder, and fish consumption less than twice a week.

Earlier studies from our group revealed an average plasma phospholipid DHA concen-
tration of 4.07 %wt/wt at week 14 and of 3.80 %wt/wt at week 36 of pregnancy (30). Since
DHA reduction between weeks 14 and 36 of pregnancy was 0.27 %wt/wt, and we aimed
at preventing this decline by the ALA supplementation, the target for the difference in
DHA concentrations between experimental and control group at 36 weeks of pregnancy
was set at 0.27 wt/wt%. At the SD of our DHA measurement (0.34 wt/wt%) and a power
of 90% (at alpha = 0.05), the study size needed was calculated to be 27 volunteers in each
group. However, the women were over-sampled because of expected withdrawals and
dropouts during the study. In total 79 women enrolled in the study, which was approved
by the Medical Ethics Committees of the University Hospital Maastricht and Maasland
Hospital Sittard. Written consent was obtained from all participants.

Supplements
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 (0.3%) and BHT (0.12%). The fatty acid compositions of
the margarines, determined after lipid extraction by gas-chromatographic analysis, are
given in table 2.1. The experimental margarine contained 45.4% LA and 14.2% ALA of
total fatty acids, providing 9.02 g LA and 2.82 g ALA per day with the requested con-
sumption of 25 g per day. This amount of margarine is about equal to their habitual mar-
garine or butter intake (24.9 g) as calculated by food frequency questionnaires. The mar-
garine of the control group contained 55.02% LA and 0.17% ALA of total fatty acids,
providing 10.94 g LA and 0.03 g ALA per 25 g per day. 

Table 2.1 Fatty acid composition of the margarines (% of total fatty acids)

Fatty acids Control Experimental  

Saturated 25.26 22.59  
Monounsaturated 18.72 17.41
LA (18:2n-6) 55.02 45.36  
Total n-6 55.04 45.41  
ALA (18:3n-3) 0.17 14.18  
Total n-3 0.22 14.21  
Trans 0.45 0.19  
Unidentified 0.17 0.09  
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Composition of the ALA containing margarine was based on the calculations that the
daily consumption of 25 gram of this margarine would result in an n-3/n-6 ratio of 1:5 in
the total diet of the experimental group. Choice for this ratio was based upon various
(inter)national authorities, which have issued PUFA guidelines stating that for optimum
benefit, the n-3/n-6 ratio should be between 1/4 and 1/10, preferably around 1/5 (31-33).

Every three weeks the volunteers received three tubs containing 250 g of margarine
each. The leftovers were collected and weighed, in order to estimate total consumption.
Subjects were instructed to use the margarines primarily on bread. If their consumption
was lower than the required 25 g/day, the volunteers were advised to use the margarine
on top of potatoes or pasta instead of the habitual sauce. It was not allowed to use the
margarine for baking, because of possible adverse effects on the PUFA content of the
margarines. The subjects were allowed to maintain their usual diets during the entire
course of the study, with the exception of the use of butter or their usual brand of mar-
garine, which needed to be replaced by the experimental or control margarines.

Questionnaires
Assessment of the dietary fat intake
Because dietary intake can influence the plasma fatty acid profile, the subjects’ fat intake
was measured, using a well-validated, pre-structured food frequency questionnaire (FFQ) ( 3 ).
This FFQ was especially designed to collect data on fat consumption. Frequency of con-
sumption had to be recorded and amounts eaten had to be indicated in household units
or grams.

The women completed this FFQ at weeks 14 and 36 of gestation, to monitor whether
the fat intake changed during pregnancy. After returning, the FFQs were checked by an
experienced dietitian and, if required, corrected after an interview by telephone. The
food consumption data were converted into dietary intake data, including fatty acids, by
using the computer program Komeet (34). This program is based on the database of the
Dutch Nutrient Databank (NEVO) (35).

Other questionnaires
At the start of the study (week 14), an additional questionnaire was filled out, which
included items about age, pre-pregnancy weight, height of the mother, height and weight
of the father, smoking habits, education, the use of supplements, and medical history,
including former pregnancies and medical treatments. Education was scored on an 8-point
scale, ranging from primary education to higher vocational training and university (36). After
delivery, a medical questionnaire was filled out about the course of the current pregnan-
cy, blood transfusion, gestational age at delivery, course of parturition, gender of the new-
born, birth weight, and Apgar score.

Fatty acid analysis
Plasma was separated from blood cells by centrifugation and collected in tubes, which
were closed under nitrogen and stored at -80 0C until fatty acid analysis. From the pieces
of umbilical cords, umbilical arteries and veins were isolated. From each cord, the vein
and both arteries were frozen in liquid nitrogen, pulverized and freeze-dried before lipid
extraction (see below).

Fatty acid profiles of phospholipids isolated from maternal venous plasma, umbilical
venous plasma, and umbilical venous and arterial vessel walls were determined as 
previously described by Al et al. (1) and Otto et al. (37). Briefly, after addition of an internal
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standard (1,2 dinonadecanoyl-sn-glycero-3-phosphocholine), plasma or tissue total lipid
extracts were prepared by a modified Folch extraction method (38), and phospholipid frac-
tions were isolated from the lipid extracts by using aminopropyl (500mg/4.0ml) Extract-
Clean columns (39). Heptadecenoic acid (17:1) was added to the samples to check for any
carry-over of free fatty acids during the isolation of phospholipids. The phospholipid frac-
tions were hydrolyzed and the fatty acids methylated with boron trifluoride in methanol
(40). The fatty acid composition of the phospholipids was then determined by capillary gas
chromatography using a WCOT fused silica 50 m x 0.25 mm ID, CP-SIL 88 fame column
(film thickness 0.2µm) (Varian, Bergen op Zoom, the Netherlands), with helium as carrier
gas. The injection and detection temperatures were 300 °C. The starting temperature of
the column was 160 °C. After 10 minutes, the temperature was increased (3.2 °C/min)
up to 190 °C, and kept constant for 15 minutes. Finally, the temperature was increased
up to 230 °C with a rate of 5 °C/min.

Total amounts of phospholipid-associated fatty acid concentrations are expressed as
mg/L plasma or mg/kg tissue, and relative fatty acid concentrations as percentages of the
total amount of phospholipid-associated fatty acids (%wt/wt). Forty-two fatty acids were
identified, but only the following selection will be reported (for full results see the appen-
dices): LA, dihomo-gamma-linolenic acid (20:3n-6, DGLA), AA, adrenic acid (22:4n-6,
AdrA), Osbond acid (22:5n-6, ObA), ALA, eicosapentaenoic acid (20:5n-3, EPA), docos-
apentaenoic acid (22:5n-3, DPA), and DHA. In addition, the following fatty acid combina-
tions and ratios are presented: sum of the saturated fatty acids (SAFA), sum of the
monounsaturated fatty acids (MUFA), sum of the n-7 fatty acids, sum of the n-9 fatty
acids, total amount of the long-chain polyenes of the n-3 and the n-6 family (LCP n-3 and
LCP n-6, LCPs defined as fatty acids with at least 20 C-atoms and 3 of more double
bonds), the essential fatty acid status index (EFA-index = (sum n-3 + sum n-6 fatty
acids)/(sum n-7 + sum n-9 fatty acids)), the docosahexaenoic acid deficiency index
(DHADI = 22:5n-6/22:4n-6) and the docosahexaenoic sufficiency index (DHASI = 22:6n-
3/22:5n-6).

Statistics
The various statistical techniques used to evaluate the data will be detailed when describ-
ing the results. The statistical package SPSS 10.0 was used to perform the statistical analy-
ses and data are presented as mean ± SD. In this study, three fatty acids were considered
of primary interest: DHA, AA, and ObA. This latter fatty acid is generally accepted as the
deficiency indicator of DHA, because ObA synthesis increases if there is a functional
DHA shortage (41). These fatty acids of primary interest were studied separately from the
other fatty acids and fatty acid combinations. For these principal fatty acids, the p-value
required for significance was set at p-values < 0.05. Analyses of the other fatty acid data
required adaptation of this p-value to p < 0.01 because of multiple testing.

RESULTS

Subjects
In total, 79 pregnant women enrolled in the study. However, 21 women were not fol-
lowed up completely: 3 subjects had a premature delivery (before week 36 of gestation, 
2 in the experimental group and 1 in the control group), 4 persons were not motivated
to complete the study because they considered it too time consuming (1 in the control
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group and 3 in the experimental group), and 3 others were excluded for non-compliance
(1 in the control group and 2 in the experimental group). Two women dropped out
because they did not like the margarine (both in the control group), and 2 subjects with-
drew because they experienced too much morning sickness (both groups 1 subject). One
subject in the control group had to be removed from the study because of stillbirth and 
1 woman was removed because she developed diabetes mellitus gravidae (control group).
Two women were lost due to long-term hospitalization during the study (1 in each
group), 1 woman because of a lengthy stay abroad (experimental group), and 2 subjects
because insufficient blood samples were available for analysis (1 in each group). In total,
58 women completed the study until delivery, 29 in the control group and 29 women in
the experimental group. 

During the post-delivery period 2 subjects, both in the experimental group, dropped
out; 1 subject could not be reached in time due to moving away from the research area,
and 1 subject withdrew because of postpartum depression. All remaining mothers had
uncomplicated pregnancies and delivered full term singleton newborns.

Maternal characteristics
The maternal characteristics are shown in table 2.2. Comparison between the groups was
performed using either the unpaired t-test or the Mann-Whitney test (continuous vari-
ables), or the Chi-square test (discrete variables). No significant differences were observed.

Significantly more mothers in the experimental than in the control group breastfed
their babies (Chi-square test, p= 0.020). Mean duration of breastfeeding by the lactating
mothers was not significantly different between the two groups, although a tendency was
obtained for a longer duration of breastfeeding in the experimental group (unpaired t-
test, p= 0.095).

Maternal dietary fatty acid intake
The average daily margarine consumption was 27.4 ± 3.2 g (mean ± SDdd) for the control
group and 27.8 ± 3.3 for the experimental group. This difference was not significant
(unpaired t-test). Table 2.3 shows the dietary fatty acid intake, measured by FFQ, in
weeks 14 and 36 of pregnancy. At week 14, the differences were not significant between
the two groups  (Mann-Whitney test). The same holds true for week 36, with the excep-
tion of the ALA intake, which was significantly higher in the experimental group (Mann-
Whitney test, p < 0.000)

During the intervention period, the intakes of total PUFAs and LA increased signifi-
cantly in both groups, whereas total fat intake increased only significantly in the experi-
mental group (Wilcoxon Signed Ranks Test). The increase for LA was significantly larger
in the control group than in the experimental group (Mann-Whitney U test). ALA con-
sumption significantly increased in the experimental group and decreased in the control
group (Wilcoxon Signed Ranks Test), making the response difference between the groups
highly significant (Mann-Whitney U test).
The higher DHA consumption in the experimental group at week 14 of pregnancy 
showed a trend for significance (p= 0.074, Mann-Whitney U test) compared to the con-
trol group at week 14. The changes in DHA and EPA consumptions during pregnancy
were not significantly different between the two groups (Mann-Whitney U test).
However, the decreases in DHA and EPA intakes in the experimental group showed a
trend for significance (p= 0.051, and p= 0.076, respectively).
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Table 2.2 Subject characteristics (mean ± SD, unless otherwise indicated)

Characteristics Control group Experimental group
n= 29 n= 29  

Maternal        
Age (yr.) 29.2 ± 3.8 30.0 ± 3.3  
Education (measured by 8-point scale) 3.9 ± 1.5 4.3 ± 1.4  
Height (cm) 168.6 ± 6.2 169.8 ± 5.3  
Pre-pregnancy weight (kg) 70.4 ± 13.0 73.1 ± 16.7  
Parity (n) 0/1/2/3 12/11/5/1 11/15/3/0  
Smoking at week 14 (n) yes/no 10/19 4/25  
Alcohol consumption at week 14 (n) yes/no 8/21 11/18  
Medication during pregnancy (n) yes/no 7/22 6/23  
Delivery (n) at home/in hospital 15/14 14/15

Spontaneous 23 23
Forceps/vacuum extraction 2 3
Caesarian section 4 3

Breastfeeding (n) 13 21  
Mean duration (only BF mothers, in days) 110.4 ± 99.6 169.1 ± 80.0  

Neonatal
Birth weight (g)* 3298 ± 456.4 3662.8 ± 568.0  
Gestational age (days) 276.5 ±12.2 281.0 ± 7.4  

Infant’s gender  male/female (n) 18/11 15/14  
Apgar score (max. within 10 min.) 9.8 ± 0.4 9.7 ± 0.7  

Note: None of the maternal differences were statistically significant, with the exception of the number of breast-

feeding mothers. BF= breastfeeding.

*After correction for gestational age, birth weight was significantly different between the two groups (p= 0.043,

oneway-ANOVA). 

Age, height, and pre-pregnancy weight, have been analyzed by unpaired t-tests. Mann-Whitney test was used for

education, parity, smoking, pregnancy duration, and Apgar score, whereas Chi-Square test was used for alcohol

consumption, medication usage, place of delivery, breastfeeding, and neonatal gender. In addition, the Kruskal-

Wallis test was used to analyze differences in gestational age.

Maternal plasma phospholipid fatty acids
To analyze the potential differences between the control group and the experimental
group in maternal plasma phospholipid fatty acid concentrations during pregnancy (weeks
14 – 40), the General Linear Model (GLM) for repeated measures corrected for fatty acid 
concentrations at the start of the study (week14), smoking (42), and parity (43) was used.
The between-subjects factor had two levels (‘control’ versus ‘experimental’), whereas the
within-subjects factor ‘time’ had three levels (week 26, week 36, and partus, set at week
4 0 ) . Missing values during the pregnancy period were imputed using Missing Value
Analyses. Only one missing value per subject was allowed. 

The mean total amounts of phospholipid-associated fatty acids were not significantly
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Table 2.3 Dietary fat intake (g/day) during pregnancy in the control group (C, n= 26) 
and the experimental group (E, n=29) as measured by FFQ (mean ± SD).

Week 14 Week 36 Change  

Total fat C 84.1 ± 21.5 95.9 ± 29.3 11.8 ± 30.0
E 91.8 ± 18.3 104.5 ± 27.5 12.7 ± 26.0 a 

Total SAFA C 31.9 ± 7.6 34.5 ± 10.4 2.6 ± 10.0
E 34.3 ± 6.9 38.0 ±11.9 3.7 ± 10.3  

Total MUFA C 30.4 ± 7.9 31.2 ± 10.0 0.8 ± 11.0
E 32.5 ± 7.4 33.8 ± 9.8 1.3 ± 9.0  

Total PUFA C 15.8 ± 5.9 24.7 ± 8.5 8.9 ± 9.3 aaa

E 18.5 ± 5.5 26.6 ± 7.4 8.1 ± 8.0 aaa

LA C 13.3 ± 5.2 22.5 ± 8.0 9.2 ± 8.9 aaa

(18:2n-6) E 16.0 ± 5.2 21.0 ± 6.1 5.0 ± 7.0 aa b 

ALA C 1.3 ± 0.8 1.0 ± 0.6 -0.3 ± 0.7 a

(18:3n-3) E 1.3 ± 0.6 4.2 ±1.2 3.0 ±1.4 aaa, bbb 

EPA (mg) C 41.9 ± 47.3 45.0 ± 72.1 3.1 ± 6.3
(20:5n-3) E 73.1 ± 72.4 54.1 ± 72.0 -19.0 ± 53.7  

DHA (mg) C 75.0 ± 63.9 81.9 ± 120.0 6.9 ± 105.5
(22:6n-3) E 123.1 ± 105.3 96.6 ± 105.9 -26.6 ± 74.8  

Note: a indicates significant changes over time (a p<0.05, aa p<0.01, aaap<0.001)
b indicates significant difference from the control group (b p<0.05, bb p<0.01, bbb p<0.001)

SAFA= sum of saturated fatty acids, MUFA= sum of monounsaturated fatty acids, 

PUFA= sum of polyunsaturated fatty acids

Mann-Whitney tests and Wilcoxon Signed Ranks Tests were used to analyze the data. 

different between the two groups. Therefore, only the relative fatty acid concentrations
(%wt/wt) are reported in table 2.4.

Consumption of the experimental margarine resulted in a significantly higher concentration of
ALA as compared to consumption of the control margarine (between-subjects effect p< 0.001).

In both groups, DHA concentrations decreased significantly during the intervention
period (within-subjects effect time p= 0.028). Since these decreases were not significantly 
different between both groups, the overall DHA concentrations were not significantly dif-
ferent between both groups. Changes in the same direction were observed for AA,
although these were not statistically significant. Concentrations of ObA increased signifi-
cantly during pregnancy (within-subjects effect time p= 0.026). However, the overall ObA
concentration was lower in the experimental than in the control group (between-subjects
effect p= 0.002). 
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Table 2.4 Maternal plasma phospholipid-associated fatty acid values over time of the 
control group (C) and the experimental group (E) (mean ± SD)

Fatty acids week 14 week 26 week 36 week 40 week 72
(% wt/wt) n= 29/29 n= 29/29 n=28/29 n= 26/27 n= 28/28 

Total (mg/l)aa C 1533 ± 278 1849 ± 345 1985 ± 420 1880 ± 400 1338 ± 239 
E 1530 ± 307 1870 ± 374 2015 ± 374 2001 ± 377 1386 ± 254

18:2n-6 C 21.08 ± 2.15 22.74 ± 2.18 22.60 ± 2.61 21.96 ± 2.05 21.80 ± 2.44 
(LA) E 21.39 ± 2.88 23.00 ± 2.49 23.52 ± 2.66 22.17 ± 2.67 22.77 ± 3.15 

20:3n-6 * C 3.51 ± 0.62 3.58 ± 0.65 3.55 ± 0.75 3.69 ± 0.79 3.19 ± 0.56 
(DGLA) E 3.54 ± 0.72 3.38 ± 0.63 3.23 ± 0.61 3.30 ± 0.64 3.29 ± 0.83 

20:4n-6 C 9.71 ± 1.73 8.72 ± 1.26 8.25 ± 1.22 8.73 ± 1.26 10.03 ± 1.71
(AA) E 9.56 ± 1.70 8.06 ± 1.62 7.80 ± 1.51 8.19 ± 1.36 9.54 ± 1.93 

22:4n-6***, aa C 0.38 ± 0.09 0.40 ± 0.10 0.38 ± 0.08 0.38 ± 0.06 0.32 ± 0.08
(AdrA) E 0.34 ± 0.07 0.31 ± 0.06 0.29 ± 0.06 0.31 ± 0.07 0.32 ± 0.10

22:5n-6**, a C 0.36 ± 0.16 0.40 ± 0.16 0.44 ± 0.14 0.47 ± 0.19 0.21 ± 0.09
(ObA) E 0.30 ± 0.08 0.28 ± 0.08 0.30 ± 0.11 0.33 ± 0.11 0.21 ± 0.08

LCP n-6 * C 13.95 ± 1.85 13.10 ± 1.53 12.61 ± 1.56 13.26 ± 1.55 13.76 ± 2.00 
E 13.75 ± 1.89 12.03 ± 1.99 11.62 ± 2.00 12.13 ± 1.86 13.36 ± 2.45

18:3n-3 *** C 0.22 ± 0.08 0.23 ± 0.07 0.21 ± 0.06 0.20 ± 0.07 0.15 ± 0.06
(ALA) E 0.22 ± 0.08 0.43 ± 0.13 0.39 ± 0.13 0.38 ± 0.14 0.20 ± 0.07##

20:5n-3 ** C 0.52 ± 0.58 0.36 ± 0.28 0.26 ± 0.11 0.25 ± 0.11 0.54 ± 0.32
(EPA) E 0.52 ± 0.31 0.51 ± 0.38 0.39 ± 0.21 0.47 ± 0.25 0.73 ± 0.44

22:5n-3 *** C 0.69 ± 0.23 0.54 ± 0.16 0.50 ± 0.15 0.51 ± 0.17 0.70 ± 0.27
(DPA) E 0.70 ± 0.21 0.64 ± 0.16 0.59 ± 0.16 0.62 ± 0.19 0.80 ± 0.25

22:6n-3 a C 3.97 ± 0.85 3.68 ± 0.90 3.64 ± 0.92 3.46 ± 0.84 3.10 ± 1.01
(DHA) E 4.48 ± 1.01 3.89 ± 0.68 3.95 ± 0.87 3.94 ± 0.96 3.10 ± 0.80

LCP n-3 a C 5.18 ± 1.36 4.58 ± 1.18 4.40 ± 1.08 4.23 ± 1.02 4.35 ± 1.31 
E 5.70 ± 1.39 5.04 ± 1.02 4.93 ± 1.16 5.03 ± 1.31 4.63 ± 1.17

sum n-7 C 1.81 ± 0.30 1.72 ± 0.26 1.75 ± 0.24 1.84 ± 0.34 1.85 ± 0.31 
E 1.76 ± 0.21 1.62 ± 0.24 1.61 ± 0.23 1.76 ± 0.32 1.70 ± 0.30

sum n-9 C 10.90 ± 1.21 10.34 ± 1.13 10.76 ± 1.29 10.82 ± 1.17 10.96 ± 0.95 
E 10.33 ± 1.13 10.10 ± 1.10 10.49 ± 1.12 10.81 ± 1.18 10.41 ± 1.53
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Fatty acids week 14 week 26 week 36 week 40 week 72
(% wt/wt) n= 29/29 n= 29/29 n=28/29 n= 26/27 n= 28/28 

EFA- C 3.30 ± 0.47 3.50 ± 0.51 3.32 ± 0.59 3.25 ± 0.50 3.22 ± 0.35 
index E 3.51 ± 0.44 3.58 ± 0.51 3.45 ± 0.43 3.27 ± 0.45 3.53 ± 0.63

SAFA C 44.52 ± 1.09 45.13 ± 0.98 45.71 ± 1.21 45.72 ± 0.84 44.88 ± 1.07 
E 44.80 ± 1.15 45.75 ± 2.34 45.58 ± 0.99 45.89 ± 0.96 45.06 ± 1.11

PUFA C 41.47 ± 1.38 41.68 ± 1.54 40.81 ± 1.98 40.62 ± 1.51 41.00 ± 1.10 
E 42.06 ± 1.31 41.47 ± 2.75 41.38 ± 1.64 40.63 ± 1.67 41.86 ± 2.15

MUFA C 12.56 ± 1.40 11.95 ± 1.28 12.38 ± 1.43 12.53 ± 1.35 12.68 ± 1.14
E 11.97 ± 1.23 11.62 ± 1.20 11.99 ± 1.18 12.45 ± 1.33 11.98 ± 1.72

DHADI C 0.92 ± 0.24 1.00 ± 0.28 1.16 ± 0.27 1.20 ± 0.37 0.64 ± 0.14 
E 0.88 ± 0.14 0.92 ± 0.16 1.02 ± 0.27 1.03 ± 0.21 0.68 ± 0.25 

DHASI * C 13.67 ± 8.95 11.14 ± 6.23 9.80 ± 5.92 9.40 ± 6.52 16.72 ± 7.46 
Ea 15.82 ± 5.53 14.98 ± 5.70 15.58 ± 9.27 13.86 ± 7.56 17.38 ± 9.98

N o t e: Changes over time during the pregnancy period (wk 14 to 40): a = p<0.05, a a = p<0.01, a a a = p< 0 . 0 0 1 .

Differences between the two groups during the pregnancy period (week 14 till week 40): * = p<0.05, ** = p<0.01,
* * * = p<0.001. This was analyzed by the General Linear Model for repeated measures corrected for several

potential confounders.

No significant time by group interactions were found.

## = different from the control group at week 72 (p<0.01), analyzed by Univariate Analysis of Variance. 

SAFA= sum of saturated fatty acids, MUFA: sum of monounsaturated fatty acids, LCP= long chain polyenes (fatty

acids with at least 20 C-atoms and 3 or more double bounds), EFA-index= (sum n-3 + sum n-6 fatty acids)/(sum

n-7 + sum n-9), DHADI= docosahexaenoic acid deficiency index (22:5n-6/22:4n-6), DHASI= docosahexaenoic

acid sufficiency index (22:6n-3/22:5n-6).

The concentration of AdrA was significantly lower in the experimental than in the con-
trol group (between-subjects effect p< 0.001), whereas the EPA and DPA concentrations
were significantly higher (between-subjects effect p= 0.003 and p< 0.001, respectively).
Differences between the groups during pregnancy for the other fatty acids and fatty acid
combinations listed in table 2.4 were not statistically significant, although the lower con-
centrations for DGLA and the total n-6 LCPs and the higher DHASI values in the experi-
mental as compared to the control group had a probability higher than 95% (p required
for significance <0.01).

The Univariate Analysis of Variance with group as between-subjects factor (control
group, experimental group) and maternal fatty acid concentration at intake (week 14),
smoking, parity, and duration of breastfeeding (27) as covariables, was used to investigate
the potential differences in maternal plasma fatty acid concentrations between the two
groups at 32 weeks after delivery (week 72). At this point in time, only ALA concentra-
tions were still significantly different between both groups, with higher concentrations in
the experimental group compared to the control group (p= 0.004).
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Neonatal fatty acids
The mean total amounts of phospholipid-associated fatty acids in umbilical plasma phos-
pholipids and in phospholipids of umbilical vessel walls (both venous and arterial) were
not significantly different between the two groups (unpaired t-tests). Therefore, only the
relative amounts of fatty acids (%wt/wt) are reported in table 2.5. 

The differences in neonatal fatty acid concentrations between the two groups were
analyzed by Univariate Analysis of Variance with correction for gestational age, parity,
maternal smoking and maternal fatty acid concentrations at study intake (week14), if nec-
essary after log-transformation to ascertain normality. 

Table 2.5 Neonatal phospholipid-associated fatty acids in the control (C) and experi-
mental (E) group (mean ± SD).

Fatty acids neonatal plasma venous wall arterial wall
%wt/wt n=26/28 n=28/28 n=28/28 

Total mg/l C 653 ± 107 479 ± 149 610 ± 176 
plasma or mg/kg tissue E 648 ± 131 546 ± 151 624 ± 210

18:2n-6 C 7.62 ± 1.24 1.99 ± 0.41 1.19 ± 0.24
(LA) E 8.01 ± 1.16 2.02 ± 0.39 1.33 ± 0.27

20:3n-6 C 4.81 ± 0.82 1.93 ± 0.44 1.13 ± 0.26
(DGLA) E 4.92 ± 0.79 1.99 ± 0.28 1.26 ± 0.22a

20:4n-6 C 17.34 ± 1.35 18.50 ± 1.02 13.23 ± 2.02
(AA) E 16.05 ± 1.43

aa
18.36 ± 1.18 12.89 ± 1.60

22:4n-6 C 0.81 ± 0.19 4.85 ± 0.66 2.83 ± 0.52
(AdrA) E 0.75 ± 0.18 4.97 ± 0.77 2.93 ± 0.65

22:5n-6 C 0.71 ± 0.32 2.87 ± 0.62 3.10 ± 0.53 
(ObA) E 0.58 ± 0.23 2.48 ± 0.47 2.70 ± 0.46a

LCP n-6 C 23.67 ± 1.56 28.16 ± 1.50 20.29 ± 2.68
E 22.30 ± 1.64aa 27.80 ± 1.38 19.79 ± 2.41

18:3n-3 C n.d. 0.07 ± 0.01 0.11 ± 0.03
(ALA) E n.d. 0.07 ± 0.02 0.12 ± 0.03

20:5n-3 C 0.13 ± 0.10 n.d. n.d.  
(EPA) E 0.26 ± 0.12aaa n.d. n.d.

22:5n-3 C 0.41 ± 0.29 0.23 ± 0.07 0.19 ± 0.08 
(DPA) E 0.51 ± 0.21 0.35 ± 0.10aaa 0.29 ± 0.09aaa 

22:6n-3 C 5.37 ± 1.39 4.88 ± 0.70 4.84 ± 0.87
(DHA) E 5.65 ± 1.47 5.43 ± 0.81 5.21 ± 0.94
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Fatty acids neonatal plasma venous wall arterial wall
%wt/wt n=26/28 n=28/28 n=28/28 

LCP n-3 C 5.91 ± 1.65 5.14 ± 0.74 5.06 ± 0.94 
E 6.42 ± 1.65 5.82 ± 0.86a 5.54 ± 0.99

sum n-7 C 3.12 ± 0.54 2.69 ± 0.24 3.18 ± 0.27 
E 2.92 ± 0.35 2.64 ± 0.28 3.20 ± 0.35 

sum n-9 C 10.11 ± 2.12 13.04 ± 1.17 21.66 ± 3.61 
E 10.50 ± 1.96 13.01 ± 1.53 22.08 ± 3.19

EFA-index C 3.02 ± 0.65 2.36 ± 0.25 1.15 ± 0.35 
E 2.92 ± 0.64 2.40 ± 0.30 1.12 ± 0.25 

SAFA C 47.67 ± 1.40 47.02 ± 1.37 46.79 ± 1.84 
E 48.04 ± 2.15 46.81 ± 1.22 46.20 ± 1.80

PUFA C 38.81 ± 2.09 37.42 ± 1.41 31.81 ± 2.63 
E 38.36 ± 2.54 37.75 ± 1.16 32.33 ± 2.10 

MUFA C 12.88 ± 2.29 15.04 ± 1.25 20.28 ± 2.61 
E 13.08 ± 2.02 14.92 ± 1.42 20.41 ± 2.38

DHADI C 0.88 ± 0.29 0.60 ± 0.17 1.13 ± 0.28 
E 0.79 ± 0.31 0.51 ± 0.11a 0.96 ± 0.26 

DHASI C 9.02 ± 4.43 1.79 ± 0.55 1.62 ± 0.49
E 11.28 ± 5.10 2.30 ± 0.69a 1.98 ± 0.50

Note: For legend see table 2.4.

n.d.= not reliably detectable; concentrations ≤ 0.05%
a Difference from the control group a p<0.05, aa p<0.01, aaa p<0.001

In the Univariate Analysis of Variance corrections were made for gestational age, parity, maternal smoking, and

maternal fatty acid concentrations at the start of the study (week14).

GLM was used to evaluate the arterio-venous differences (data not shown). Significant within-subjects effects

were found for totFA, LA, ObA, sum n-9, MUFA, DHADI, and DHASI, whereas significant between-subjects

effects were found for ObA, DPA, DHADI, and DHASI. 

No interaction-effects were found.

Umbilical venous plasma
Umbilical venous plasma samples were available for 26 newborns in the control group and
28 neonates in the experimental group (see table 2.5). 

No statistically significant difference was found in umbilical plasma phospholipids for
DHA. In contrast, the AA concentration was significantly lower in the experimental group
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as compared to the control group (p= 0.004). After log-transformation and correction for
the potential confounders, ObA concentrations were not significantly different between
the two groups (p= 0.095). 

The average concentration of EPA was two times higher in the experimental as com-
pared to the control group (p< 0.001), whereas total n-6 LCP levels were significantly
lower (p= 0.004). Values for other fatty acids and fatty acid combinations were not signifi-
cantly different between both groups.

Umbilical vein walls
From both groups, 28 samples of umbilical veins (and arteries) were available for analysis.
Results are also shown in table 2.5. After correction for the potential confounders, nei-
ther the DHA (p= 0.183), nor the ObA (p= 0.085) concentrations were significantly dif-
ferent between the two groups. Also, AA concentrations were not significantly different
between the two groups. 

DPA was significantly higher in the experimental group as compared to the control
group (p< 0.001). The DHASI and LCPn-3 showed trends for higher values (p= 0.023 and
p= 0.038, respectively) in the experimental group, whereas the DHADI  (22:5n-6/22:4n-6)
showed a trend for a lower value (p= 0.034). Other fatty acids and fatty acid combina-
tions were not significantly different between the two groups.

Umbilical arterial walls
After correction for the potential confounders, ObA showed significantly lower concen-
trations in the phospholipids of the experimental group compared to the control group
(p= 0.037). The differences for DHA and AA concentrations did not reach statistical 
significance. 

DPA concentrations were again significantly higher in the experimental group (p< 0.001).
Differences between both groups for the other fatty acids and fatty acid combinations
(see table 2.5) were not significant at all. 

Arterio-venous differences 
As demonstrated by General Linear Model, significant within-subjects effects for AV-dif-
ferences for many fatty acids (totFA, LA, ObA, sum n-9, MUFA, and DHADI) listed in
table 2.5 were found (data not shown), whereas the interaction effects group by AV-dif-
ferences were not significant. Consequently, the AV-differences in the experimental
group were not significantly different from those in the control group. However, signifi-
cant between-subjects effects were found for ObA, DPA, DHADI, and DHASI, indicating
that the average amount of fatty acid phospholipids in arterial and venous vessel walls was
respectively lower for DPA and DHASI, and higher for ObA and DHADI in the control
group. 

Neonatal outcome parameters
Using a one-way ANOVA, it appeared that neonates in the experimental group had, on
average, a significantly higher birth weight compared to newborns in the placebo group
(p= 0.043; see table 2.2). Mean pregnancy duration was 4.5 days longer in the experimen-
tal than in the control group (Table 2.2). This difference tended to be significant as well
(Kruskal-Wallis test, p= 0.091). No significant differences between both groups were
observed for Apgar score (Mann-Whitney test) and gender (Chi-square test, p> 0.05). 
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DISCUSSION

General
From longitudinal studies it is known that under the present dietary conditions, relative
AA and DHA concentrations in maternal plasma phospholipids decrease during the second
and third trimester of pregnancy (1, 37, 44, 45). It was suggested that supplementation with a
combination of n-6 and n-3 fatty acids would be required for an optimal fatty acid status ( 4 6 ).
Although endogenous DHA production from dietary ALA is known to be low (23-26), Otto
et al recently obtained some indications that LCP synthesis from EFA precursors may be
enhanced during pregnancy (27). Therefore, in the present study a margarine high in ALA
and LA was tested for its efficacy to increase maternal and neonatal DHA concentrations
without reducing the AA concentrations. In this study some neonatal outcome parame-
ters were measured as well. Some of the results obtained need special attention and will
be discussed here.

Maternal dietary fat intake
Analysis of the food frequency questionnaires (FFQs) showed that in the present study
total fat intake of the participants increased during pregnancy, although this increment
was significant for the experimental group only and the difference in intake between the
two groups was not significant. Al and coworkers, using the same FFQ, did not observe a
change in habitual fat consumption during the second and third trimester of pregnancy (3).
Therefore, the difference we observed likely resulted from the study regime. This was
confirmed by an item analysis of the FFQs, revealing a rather frequent habitual use of light
margarines at week 14, which in the study were replaced by the full fat experimental and
control intervention products. The higher fat intake provided about 108 Kcal (0.026 MJ)
per day. This compensates partly for the higher energy intake advised during pregnancy ( 4 7 ). 

Maternal plasma fatty acid concentrations during pregnancy
In the present study, supplementation with margarines rich in ALA+LA or in LA only did
not prevent the well-known reductions in DHA and AA concentrations during the sec-
ond and third trimester of pregnancy (Table 2.4). In addition, supplementation with the
ALA+LA rich margarine did not result in significantly higher plasma DHA concentrations
than a comparable margarine without ALA. Although it cannot be excluded that a higher
ALA dose may increase plasma DHA concentrations, this seems rather unlikely, since
Francois et al showed that even an ALA dose of 10.7 g/day did not lead to increased plas-
ma DHA levels in lactating women (48). Interestingly, the lower ObA concentration in the
experimental group of our study indicates that the functional DHA status may have been
slightly higher upon ALA supplementation, since ObA is generally accepted as a functional
shortage marker for DHA (41). This suggests that any additional DHA that may have been
produced from the supplemented ALA was transferred directly to certain (fetal) target
tissues and, therefore, did not increase the DHA concentration of maternal plasma phos-
pholipids.

Maternal fatty acids 32 weeks postpartum
In this study also the effect of ALA supplementation during pregnancy on maternal post-
partum plasma fatty acid concentrations was studied in blood collected 32 weeks after
delivery. The choice for this moment in time was based on an earlier study by Otto et al,
showing that 32 weeks after delivery the maternal EFA and LCP status had returned to
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pre-pregnancy levels, irrespective of the fact whether the mother had been breastfeeding
or not (27). We confirmed that at 32 weeks postpartum the concentrations of most fatty
acids had returned to early pregnancy values or beyond, and were not significantly differ-
ent between both groups. The only exception was ALA, which was still higher in the
experimental group. Although this may indicate a long-term effect of the dietary interven-
tion, a difference due to selection bias cannot be ruled out. 

Neonatal phospholipid fatty acids
The lower umbilical arterial vessel walls concentration of ObA suggests a higher functional
DHA status in infants of ALA-supplemented mothers, although the DHA concentration
itself was not higher. This suggestion is supported by higher values for the DHA sufficien-
cy index (DHASI) and lower values for the DHA deficiency index (DHADI) in these
neonates, which were significant for the umbilical venous vessel wall phospholipids.
Moreover, maternal ALA supplementation during pregnancy resulted in higher neonatal
concentrations of EPA (plasma only), and DPA (umbilical vessel walls). This was associat-
ed with significantly lower neonatal concentrations of AA and total n-6 LCP values (signif-
icant in plasma only). These results demonstrate that maternal ALA consumption during
pregnancy hardly increases the neonatal DHA status, and does not prevent the reduction
in n-6 LCPs, also observed after fish oil supplementation during pregnancy (20, 21). 

Neonatal outcome parameters
Higher birth weight has been associated with lower risk for the development of adult
heart disease, Type II diabetes mellitus and related risk factors such as hypertension and
dyslipidemia (49-52). Consequently, the significantly higher birth weight of neonates born to
ALA-supplemented mothers may be relevant indeed. We, therefore, performed a post-
hoc stepwise multiple regression analysis to detect possible confounding variables. Based
upon the literature, gestational age, alcohol consumption, neonatal gender, maternal pre-
pregnancy weight, maternal height, length and weight of the father, smoking and drug
usage during pregnancy were included in the model. Gestational age, maternal pre-preg-
nancy weight, smoking and height of the father contributed significantly to the model 
(p< 0.05), and after correction for these possible confounders no statistically significant dif-
ference in birth weight remained between the experimental group and the control group.

In conclusion
Supplementation during pregnancy with ALA+LA does not prevent the maternal LCP
decrease during pregnancy, whereas the small improvement of the neonatal DHA status
is accompanied by a reduction in the neonatal n-6 LCP status. Since supplementation with
DHA is more efficient than ALA in promoting the DHA status (53), we suggest that a mix-
ture of DHA and AA may be a more efficient option to optimize the maternal and neona-
tal LCP status.
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ABSTRACT

Several studies have investigated aspects of cognitive functioning during late

pregnancy or in the period around delivery. The present paper describes a

controlled study of neurocognitive functioning in an early phase of pregnanc y

(14 weeks). Seventy-one pregnant women and 57 control subjects matched

for age and education were tested with a cognitive test battery. Intentional

learning was tested with the Verbal Learning Test, retrieval from semantic

memory with the Fluency Test, and speed of information processing with

the Concept Shifting Test, the Stroop test, and the Letter Digit Substitution

Test. Results show that performance on tests measuring intentional learning

and retrieval from semantic memory were lower in the pregnant group

during early pregnancy as compared to a closely matched non-pregnant

group. In contrast, speed of information processing was not different

between the two groups. The differences observed in memory performance

were not large and further research is needed to establish their clinical 

significance. In addition, the results should be interpreted with care,

because our study has a cross-sectional design, which has limitations 

concerning the fact that pre-existing performance differences might be 

possible. Therefore, longitudinal studies are essential to ascertain clear

associations between pregnancy and cognitive performance.
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INTRODUCTION
Forgetfulness and changed attentional functions have frequently been reported by preg-
nant women (1). The majority of studies have reported decreased performance on neu-
rocognitive tasks during pregnancy (2-8), but some have found no effect of pregnancy (9, 10) or
even a positive effect on some cognitive functions (11) (for review see Brett et al (12)). These
discrepant findings may be due to differences in the cognitive tasks used, or differences in
the stage of pregnancy of the subjects investigated. Thus, there is no consistent answer to
the question whether or not cognitive functioning is affected during pregnancy.

Most of the above-mentioned studies investigated only one or some aspects of cogni-
tive functioning, and only two studies investigated whether cognitive functioning is altered
in an early stage of pregnancy (7, 13). The possibility that early pregnancy is already charac-
terized by cognitive changes is of importance as there is not yet a profound change in psy-
chosocial circumstances around the pregnant woman. Possible changes in cognitive func-
tioning could therefore more directly be ascribed to biological changes in the body
brought about by hormones or by a redistribution of nutrients essential for brain func-
tioning (e.g. long-chain highly unsaturated essential fatty acids) in favor of the unborn
child.

The present study investigated whether cognitive functioning is different during early
pregnancy (14 weeks after the last menstrual period) and, if so, whether specific cognitive
functions are affected. A controlled design was chosen in which pregnant women were
compared to carefully matched controls, and where performance of memory tasks was
compared to performance on tests of information processing. The aspects of cognition
we measured in this study were focussed on memory and speed of information process-
ing. The reason for this choice was that pregnant women complain about concentration
problems and everyday forgetting in particular (5, 14-16). Sensitive tests are needed in order
to detect changes in cognition during pregnancy with reliability and validity, because such
a study concerns a healthy population, where there is no reason to expect profound
changes in cognitive performance. The tests we decided to use, have already shown their
effectiveness in earlier research into neurocognitive functioning in healthy subjects and in
subjects with only mild cognitive complaints (17-19).

MATERIALS AND METHODS

Subjects
Pregnant women were recruited by midwives in the region Maastricht, Heerlen, and
Sittard, located in the south-eastern part of the Netherlands, and by the Departments of
Obstetrics and Gynecology of hospitals in the same area (University Hospital Maastricht,
Atrium Medical Center in Heerlen, and Maasland Hospital in Sittard). The selection crite-
ria for study entry were a gestational age less than 14 weeks, and a normal health, that is,
not suffering from any metabolic, cardiovascular, renal, psychiatric, or neurological disor-
ders. Exclusion criteria were diastolic blood pressure higher than 90 mmHg, multiple
pregnancy, consumption of dietary supplements rich in polyunsaturated fatty acids, and
not being of Caucasian origin, in order to limit scatter of the measuring results due to
large differences in genetic, social, and cultural patterns.

The non-pregnant women in the control group were friends or family members of the
pregnant women, or were recruited by advertisements in local newspapers. All in- and
exclusion criteria were the same as for the pregnant population with exception of the
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pregnancy-related criteria. Their last pregnancy, if any, was at least 32 weeks before study
entry and if they had been pregnant before, they were not breastfeeding during the study.

Seventy-one pregnant women and 57 control subjects volunteered to participate in
this study. Groups were matched for age and education (measured on an 8-point scale,
ranging from primary education to higher vocational training and university (20)). All tests
were administered in the subject’s home, in a situation, which enables testing under favor-
able conditions.

The study was approved by the Medical Ethics Committee of the University Hospital
Maastricht and written consent was obtained from each participant.

Tests for cognitive functioning
Visual Verbal Word Learning Task (WLT). To assess learning capacity as well as
recall and retrieval from long-term memory, a visual verbal word learning task ( 2 1 ) w a s
completed by the subjects, according to the protocol of the MAAS study (22). This test is
an improved version of a test originally devised by Rey (23). Fifteen words were presented
one after the other at 2-s intervals. After presentation, the participants were asked to
recall as many words as possible in any order. This procedure was repeated three times.
After 20 minutes (within this time the tasks mentioned below were performed), delayed
recall was measured. Dependent variables were the mean recall over three trials
(WLTtot) and the delayed recall (WLTdr) after 20 min. Four different test versions were
used across the population to prevent exchange of the words, used in the test between
family and friends in our test population. The test versions used in the Words Learning
Test were parallel test versions. The words in the lists consisted of frequently used mean-
ingful monosyllabic nouns matched for word frequency. All versions contained the same
amount of living versus non-living words, the words were emotionally neutral and had on
average the same amount of letters.

The Concept Shifting Test (CST) was used to measure visual conceptual and
visuomotor tracking (18, 24). This test consists of four test sheets. On each test sheet, 16
small circles are grouped in a larger circle. On the first sheet, numbers appear in a fixed
random order, on the second sheet letters, and on the third sheet both. Subjects were
requested to cross out the items in the right order (1-2-3-4 (Subtask I), A-B-C-D
(Subtask II), 1A-2B-3C (Subtask III), respectively); the time required to do this was meas-
ured with a stopwatch. A fourth sheet with empty circles (Subtask IV), which had to be
crossed out as fast as possible, was used to correct for motor speed. Mean speed for
subtasks I and II, corrected for motor speed (Subtask IV), was used as a measure of gen-
eral information processing speed. Subtask III, also corrected for motor speed, was used
as a measure of concept shifting ability.

Fluency (FLU) The subjects completed a fluency task (25) as a measure of retrieval
from long-term semantic memory. Subjects had to name as many animals as possible
within 1 min. Fluency is a measure of the adequate, strategy-driven retrieval of informa-
tion from semantic memory. The number of animals named was used as dependent vari-
able.

The Stroop Color-Word Interference Test was used to test selective attention 
(26, 27). The test involves three cards displaying 40 stimuli each: color names printed in black
(Subtask I), colored patches (Subtask II), and color names printed in one of the other col-
ors (Subtask III). For Subtask I subjects had to read aloud the printed items, for Subtask II
they had to name the color of the patches and for Subtask III they had to name the ink
color the words were printed in. The amount of extra time needed to discard irrelevant
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but very salient information (reading) in favor of a less obvious aspect (color naming) was
recorded. Mean speed for Subtask I and II was used as a measure of general information
processing speed. Subtask III was used as a measure of color word interference susceptibility.

The Letter-Digit-Substitution-Test (LDST) is related to the Symbol-Digit
Modalities Test developed by Smith ( 2 8 ), which originates from the Digit Symbol Test
developed by Wechsler (29). The LDST was used to measure the efficiency of operations in
working memory. At the top of the test sheet, a box is presented with nine numbers cou-
pled with nine letters in a random order. On the rest of the page, boxes are presented
with just letters. Subjects were asked to fill in as many corresponding numbers as possible
within 1 min. The total number of digits correctly related to a letter was used as the
dependent variable.

Statistics
One pregnant subject did not have reliable test results, because the conditions under
which she performed the cognitive tests were unacceptable. Data for this person were
excluded from the analyses. Individual data were screened for extreme values based on
normative data from the Maastricht Aging Study (19); Five datapoints were considered out-
liers, with values outside the range of +/- 3*SD, and were excluded from the analyses.

Subject characteristics were examined for statistical differences between the two
groups by unpaired t-tests. The Mann-Whitney U-test analyzed the differences in educa-
tion and number of pregnancies. The group differences for the dependent variables were
analyzed by ANOVA with education and total number of pregnancies as covariates In the
analysis of the WLT a correction for test version was applied too. The CST was also ana-
lyzed by a two-way ANOVA for group x repeated measures (two variables), to find out
whether there was a differential effect for concept shifting (CST III) or general speed
(mean CST I/II). The same was done for the Stroop test. A p level of <0.05 was consid-
ered statistically significant.

RESULTS

Subject characteristics 
Table 3.1 shows the subject characteristics. With an unpaired t-test no statistically signifi-
cant differences were found between the two groups for age, height and weight. The con-
trol subjects tended to have attained a higher level of education (p= 0.0628). We there-
fore decided to use a statistical design in which education was controlled for. The average
total number of pregnancies was statistically different between the two groups (p= 0.0014).
Therefore, we corrected for both education and total number of pregnancies.

Intentional learning task and retrieval from semantic memory
The control group had a significantly higher score on the WLTtot (mean±SD 11.77±1.34, n= 57)
than the pregnant group (11.07±1.35, n= 70, p= 0.015). The same was found for WLT
delayed recall task: 12.75±1.83 for the control group (n= 57) versus 11.69±2.06 for the preg-
nant group (n= 70, p= 0.006) (see table 3.2). 

With respect to retrieval from long-term semantic memory, the pregnant group had a sig-
nificantly lower score for the fluency test than did the control group (24.80±5.46, n= 70 versus
27.84±5.79, n= 57, p= 0.006 after correction for education and number of pregnancies). 
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Table 3.1 Subject characteristics (mean±SD)

Characteristics pregnant group control group
n=71 n=57  

Age (yr)1 29.5 ± 3.7   30.5 ± 4.2  
Education2 3.9 ± 1.5 4.4 ± 1.2  
Height (cm) 168 ± 5 168 ± 6  
Weight (kg) 70.15 ± 14.86 70.27 ± 13.94  
Number of pregnancies* n (%) n (%)

0 0 (0%) 17 (29.8%)
1 25 (35.2%) 11 (19.3%)
2 31 (43.7%) 17 (29.8%)
3 9 (12.7%) 8 (14.0%)
>3 6 (8.4%) 4 (7.1%)

1 The age range is 21-39 years
2 Education was measured on an 8-point scale

* significant 

Analyses without correction for number of pregnancies revealed comparable results
(WLTtot p= 0.013, WLTdr p= 0.004, FLU p= 0.020).

Speed of information processing
General speed of processing and concept shifting in the concept shifting test were not dif-
ferent between the two groups (see also table 3.2). Two scores on this test were analyzed;
the mean of Version I and II as the general speed of information processing (p= 0.421) and
the score of Version III as a measure of concept shifting ability (p= 0.303). By two-way
repeated measures ANOVA no differential effect was found for concept shifting.

Likewise, there were no significant group differences in scores on the Stroop test (p=
0.872 for the group differences concerning the mean of Stroop Version I and II and 
p= 0.491 for Version III). Also, two-way ANOVA for repeated measures did not show
any statistically significant differences. Finally, scores on the Letter Digit Substitution Test
were not statistically different between the pregnant and the control groups (p= 0.624).

DISCUSSION
The aim of this study was to investigate whether memory and/or information processing
speed is different in early pregnancy as compared to the non-pregnant state and, if so,
which specific aspects are different. Our results show a clear difference between women
in early pregnancy and their matched controls with regard to performance on the
WLTtot, its delayed recall, and the fluency test. These findings suggest that intentional
learning and retrieval from semantic memory are compromised. In contrast, speed of
information processing under simple and more complex conditions was not different.
Thus, memory functions in particular are affected in early pregnancy without conse-
quences for attention and speed tasks. However, the differences in cognitive performance 
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Table 3.2 Cognitive test performance in the pregnant group versus the control group 
(mean±SD) 

Tests pregnant group control group p
n=71 n=57   

WLTtot (# words recalled) 11.07 ± 1.35 11.77 ± 1.34   0.015*  
WLTdr (# words recalled) 11.69 ± 2.06 12.75 ± 1.83   0.006*  
Fluency (# words/min) 24.80 ± 5.46 27.84 ± 5.79   0.006*  
CST (I+II)/2 (s) 12.89 ± 3.13 12.24 ± 3.13 0.421  
CST (III) (s) 20.68 ± 6.21 18.88 ± 5.42 0.303  
Stroop (I+II)/2 (s) 17.09 ± 2.64 16.52 ± 2.29 0.872  
Stroop (III) (s) 33.10 ± 5.44 31.67 ± 7.05 0.491  
LDST (# numbers filled in/min) 40.69 ± 6.31 42.32 ± 6.59 0.624  

* significant

Note: Differences between the pregnant group and the control group were corrected for education levels and

total number of pregnancies. WLT was also corrected for test version.

WLT= Words Learning Test, tot= total (mean of trial I, II and III) dr= delayed recall, CST= Concept Shifting

Test, LDST= Letter Digit Substitution Test

between the two groups, although statistically significant, are not large and may not be clinical-
ly important. Nevertheless, there is a possibility that these differences are relevant, since they
may cause sub-optimum functioning. Therefore, further research is needed to establish the
clinical significance of the observed differences. In addition, it should be noted that our study
had a cross-sectional design, the results of which can be influenced by selection-bias. This
implies that pre-existing performance differences could have been present between the
groups. Although the careful matching between the groups makes it improbable that there is a
systematic difference between the groups, a longitudinal study is needed in order to rule out
this possibility. Till then the results of this cross-sectional study should be interpreted with
c a u t i o n .

As far as we know, there are only few studies, which investigated cognition in early preg-
nancy (7, 13). In our study, explicit memory (as measured by WLTtot and WLTdr) was signifi-
cantly impaired in the pregnant group compared to the control group. These results are con-
sistent with those of Keenan and colleagues ( 1 3 ), who, however, only found statistically
significant differences in explicit memory in the third trimester of pregnancy. Their group
sizes, however, were small (10 pregnant women and 10 women in the control group). Sharp
et al ( 7 ) detected deficits in explicit memory in all trimesters of pregnancy. Studies performed
later in pregnancy have yielded conflicting data. Casey, Huntsdale, Angus and Janes ( 3 0 ), as well
as Mc Dowall and Moriarty ( 3 1 ) did not find any effect of pregnancy on different memory func-
tions. Brindle et al ( 2 ) found that implicit memory was significantly impaired in primigravidae,
while explicit memory was unimpaired in contrast to our findings.

In our study, speed of information processing did not differ between the pregnant women
and the control women. In contrast, Buckwalter et al ( 3 ) showed a lower performance on tasks
requiring speed of cognitive processing and conceptual tracking during pregnancy as compared
with performance after delivery. However, they administered the tasks late in pregnancy (19.8
days prior to delivery), in contrast to our study, and it may be that these cognitive functions
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are only affected later in pregnancy. Thus, in early pregnancy performance on intentional
learning tests may be a more sensitive indicator of changed cognitive functioning than per-
formance on speed tasks.  This is especially since women in the earlier phases of pregnancy
may still have sufficient attentional ‘resources’ to cope with the demands of speed tasks.

There is uncertainty about the mechanisms underlying the performance deficits seen in
pregnancy. Changes in mood and even depression, as well as biological factors, or a combina-
tion of biological and psychosocial factors have been mentioned. Concerning the correlation
between mood during pregnancy and cognitive functioning, Harris, Deary, Harris, Lees and
Wilson ( 3 2 ) observed that, after they corrected for depression pregnancy was no longer associ-
ated with cognitive dysfunction. However, Keenan et al ( 1 3 ) found that although pregnant
women scored higher on both depression and anxiety scales, the pregnancy-related decline in
memory was not attributable to these factors. It is not likely that our findings were influenced
by mood changes or depression, because our study was performed in early pregnancy, when
mood changes are minor, if present, in contrast to late pregnancy, close to delivery, when a
substantial proportion of pregnant women experience sometimes profound psychological
changes. However, pre-existing mood differences between our two groups cannot be com-
pletely ruled out, as this is one of the limitations of a cross-sectional study design as has been
stated before.

Several biological factors may underlie the cognitive decline during pregnancy.  One factor
may be hormonal, because the levels of estrogen, progesterone, testosterone, and dehy-
droepiandosterone change considerably during pregnancy. Buckwalter and colleagues ( 3 ) t r i e d
to find a relation between impaired memory and the above-mentioned hormones. They con-
firmed that cognitive functioning decreased during pregnancy, especially aspects of verbal
memory, and that negative mood states were reported more often during pregnancy than
after delivery. However, no consistent correlation was found between impaired memory and
negative mood state or steroid hormone concentrations. Oxytocin has been mentioned as a
possible factor, influencing cognitive function, but a correlation between oxytocin concentra-
tion and cognitive function during pregnancy has not been found ( 8 ). Moreover, because the
oxytocin concentration does not change in early pregnancy, this factor cannot  explain the
compromised intentional learning and retrieval from semantic memory found in our study.

Another biological factor, which may be causally implicated in the cognitive changes during
pregnancy, is nutrition. This particular applies to longer-chain, highly unsaturated derivatives of
essential fatty acids(EFAs), the so-called LCPUFAs. The latter compounds are very important
structural components in brain tissue, where they perform an array of membrane-associated
functions ( 3 3 ). For instance, they can  influence membrane fluidity and thus affect the activities of
neurotransmitters, peptides, releasing factors, and hormones. A change in LCPUFA availability
could, therefore, explain our findings. During pregnancy, accretion of maternal, placental and
fetal tissue occurs and, consequently, the LCPUFA requirements of pregnant women and their
developing fetuses are high ( 3 4 ). To obtain these LCPUFAs, the fetus mainly depends on placen-
tal transfer and thus on the EFA status and/or supply of the mother ( 3 5 ). The overall biochemi-
cal LCPUFA status of women declines during pregnancy ( 3 6 ), which may have functional conse-
quences on maternal cognition.

In summary this cross-sectional study demonstrated less adequate memory performance in
an early pregnancy group as compared to a matched group of non-pregnant women. A longitu-
dinal study will be needed to establish clear association with pregnancy, especially any causal
relation, and to find out whether the observed differences in early pregnancy disappear at
some point after delivery. Currently, such a study is in progress in our laboratory and results
will become available later this year.
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ABSTRACT

Pregnancy has often been associated with cognitive deficits, but results are

equivocal and longitudinal data are scarce. In this study we compared the

performance of 57 pregnant women and 50 matched non-pregnant women

on a cognitive test battery measuring different aspects of memory and

speed of information processing, at weeks 14, 17, 29, and 36 of pregnancy

and at 32 weeks after delivery. Results revealed that early pregnancy (week

14) was characterized by impairments in all memory functions measured,

while none of the speed functions were affected. During the second and

third trimesters of pregnancy (weeks 17-36) encoding and semantic memo-

ry were still worse in the pregnant group than in the control group.

Unexpectedly, performance in the period of ”early motherhood” also was

different between the two groups: 32 weeks after delivery the new mothers

performed worse than the control group on tasks of speed of information

processing. These findings indicate that there is a shift in cognitive perform-

ance from deficits in memory during pregnancy to deficits in speed of infor-

mation processing during early motherhood.
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INTRODUCTION
Pregnancy is a major life-event for many women and greatly affects many psycho-social
and physiological variables. During the last decades there have been several reports that
pregnancy also acts upon cognitive function (for review see Brett et al (1)), but the results
are inconclusive. Some authors reported impaired cognition during pregnancy (2-8), while
others did not find such an effect (9, 10). One study showed a relationship between pregnancy
and improved performance on cognitive tasks (11). 

In an earlier study we showed that memory performance, but not information process-
ing speed, is compromised during early pregnancy ( 1 2 ). Another study demonstrated a
decrease in speed of information processing and attention tasks in women in late preg-
nancy (i.e. around delivery) (8). These apparently discordant findings suggest that cognitive
functioning may change during pregnancy and that the various cognitive functions may
alter in different ways. Unfortunately, there are few longitudinal data, and thus, a study in
which the cognitive functioning of pregnant women is monitored during pregnancy with
tests, measuring different aspects of cognition, is warranted. The present study addresses
this deficit. The study is part of a larger project investigating the effect of dietary supple-
mentation on pregnancy outcome (results published in Chapter 2).

We enrolled pregnant women and carefully matched non-pregnant controls in a longi-
tudinal study. The aims of the study were to assess memory and speed of information
processing because several reports have shown that pregnant women complain about
concentration problems and forgetfulness in everyday life (5, 13-15). Cognitive functioning 32
weeks after delivery, during ”early motherhood” was also evaluated. Two opposing
hypotheses can be formulated about cognitive functioning after delivery. On the one
hand, it can be expected that the effects of pregnancy on cognitive functioning will have
disappeared because most physiological variables will have returned to pre-pregnancy lev-
els at 32 weeks post-partum. On the other hand, there may be differences between new
mothers and non-pregnant women, as a result of psycho-social circumstances related to
‘motherhood’ (16).

Therefore, in this study, we investigated whether cognitive functioning changes during
pregnancy and in the post-natal period. The study started when women were in an early
stage of pregnancy (week 14 of gestation) and lasted until 32 weeks after delivery 
(58 weeks in total). 

METHODS

Design
The study had a parallel group design with repeated measures. A group of pregnant
women was tested, using a cognitive test battery, at weeks 14, 17, 29, and 36 of pregnan-
cy and at 32 weeks after delivery (further named as week 72). A non-pregnant control
group matched for age and education was tested at the same time intervals and with the
same procedure.

Four parallel versions of the cognitive test battery were used to measure cognitive
performance during pregnancy. The order of the versions was randomized over the total
study population to exclude possible differences in level of difficulty between the four
versions. At the end of pregnancy, all subjects had received all test versions (for example
subject 1 performed the tests in the order A-B-C-D, subject 2 D-B-A-C, and subject 
3 C-A-B-D and so on). Three parallel test versions were used at week 72 (randomized).
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All tests were administered in the subject’s home, without any family members around,
the door bell and the telephone switched off and, when possible, always at the same time.
These precautions were taken to prevent environmental differences and to reduce the
risk of drop out. Two interviewers, both trained at the same institute, administered the
tests. Each interviewer had her own group of subjects, so that inter-observer reliability
was ensured. 

The Medical Ethics Committee of the University Hospital Maastricht approved the
study and written consent was obtained from each participant.

Study population
Pregnant subjects were recruited by midwives in the region Maastricht, Heerlen, and
Sittard, in the south-eastern part of the Netherlands, and by the Departments of
Obstetrics and Gynecology of hospitals in the same area (University Hospital Maastricht,
Atrium Medical Center in Heerlen, and Maasland Hospital in Sittard). The selection crite-
ria were a gestational age less than 14 weeks at study entry and a normal health, i.e., not
suffering from any metabolic, cardiovascular, renal, psychiatric, or neurological disorders.
Exclusion criteria were diastolic blood pressure higher than 90 mmHg, multiple pregnan-
cy, or not being of Caucasian origin.

The non-pregnant control group was matched for age and education. The subject’s
highest level of education was measured on an 8-point scale, ranging from primary educa-
tion to higher vocational training and university (17). Women in the control group were
friends or family members of the pregnant women or were recruited by advertisements
placed in local newspapers. All inclusion and exclusion criteria were the same as for the
pregnant population with exception of the pregnancy-related criteria. At the commence-
ment of the study, the control participant’s last pregnancy was at least 32 weeks ago and
the participants did not intend becoming pregnant during the study period (next 58
weeks).

A total of 80 pregnant and 59 non-pregnant women agreed to participate in the study.
Pregnant women were over-sampled because of an increased probability of drop out during
the study (e.g. due to miscarriages). Of the 80 pregnant women, three entered the study
before the set-up was ready, and thus had incomplete data. Their data were excluded
from analysis. One subject was excluded from the larger project due to dietary reasons
and hence was excluded from this study. During the study 16 subjects dropped out: 
4 subjects gave birth prematurely (before week 36 of gestation), 7 subjects were insuf-
ficiently motivated, 1 subject experienced severe morning sickness and did not want to
continue the study, and 4 subjects dropped out for dietary reasons (did not like the sup-
plement from the main study). After delivery, 3 women did not participate in the follow
up at week 72: 1 subject because of postpartum depression, 1 because of loss of her
baby, and 1 because she had moved away from the area. Thus the final data analysis was
based on data from 57 pregnant women.

In the control group, 2 of the 59 subjects were excluded at the start of the study
because they used medication. Data were incomplete for 7 subjects: 4 subjects became
pregnant during the study and 3 subjects could not be reached in time for follow up. Thus
data for 50 subjects in the control group were used in the final analysis.

Table 4.1 shows the subject characteristics. No statistically significant differences were
found between the groups in terms of age, education, height, or weight. 
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Table 4.1 Subject characteristics (mean±SD)

Characteristics Control group Pregnant group
n=50 n=57  

Age (yr.)1 30.6 ± 4.2     29.9 ± 3.8  
Education2 4.4 ± 1.2 4.1 ± 1.5  
Height (cm)169 ± 6 169 ± 5
Weight (kg)71 ± 14 71 ± 14
Parity 0  15 23

1 9 26
2 20 7
3 3 1

>3 3 0
Gravidity 0 14 0

1 10 19
2 15 25
3 8 6

>3 3 7

1 The age range is 21-39 years
2 Education was measured on an 8-point scale

Tests for cognitive functioning
The following neuropsychological tests were chosen on the basis of earlier research into
neurocognitive functioning in healthy subjects or subjects with mild cognitive complaints ( 1 8 - 2 1 ):
Visual Verbal Word Learning Task (WLT). To assess learning capacity as well as
recall and retrieval from long-term memory, a visual verbal word learning task ( 2 2 ) w a s
completed by the subjects, according to the protocol of the MAAS study (23). A set of 15
frequently used monosyllabic words was presented in a fixed order at 2 s. intervals in
each of three trials. Each trial ended with a free recall. The mean recall (WLTtot) over
the first two trials was used as a measure of encoding. Twenty min. after the last trial
(within this time the tasks mentioned below were performed) the subjects were asked to
reproduce the set of words (delayed recall WLTdr) to determine retrieval. 

The Concept Shifting Test (CST) is a test of behavioral planning (24, 25) . This test
consists of four test sheets. On each test sheet, 16 small circles are grouped in a larger
circle. On the first sheet numbers appear in a fixed random order, on the second sheet
letters, and on the third sheet both. Subjects were requested to cross out the items in
the right order (1-2-3-4 (Subtask I), A-B-C-D (Subtask II), 1A-2B-3C-4D (Subtask III),
respectively); the time taken to do this was measured using a stopwatch. A fourth sheet
with empty circles (Subtask IV), which had to be crossed out as fast as possible was used
to correct for motor speed (CST0). Mean speed for I and II, corrected for motor speed,
was used as a measure of general information processing speed (CST(I+II)/2). Subtask III,
also corrected for motor speed, was used as a measure of concept shifting ability
(CST(III)).
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Fluency (FLU) The fluency task ( 2 6 ) is a measure of adequate, strategy-driven
retrieval of information from long-term semantic memory. At week 14 subjects had to
name as many animals as possible within 1 min. For the tests later in the study, subjects
were asked to make as many 4-letter words as possible with a given letter, within 1 min.
Starting letters were S, T or B (again randomized). Nonsense words and names were not
accepted. The number of correct responses was used as dependent variable.

The Stroop Color-Word Interference Test was used to test selective attention
(27, 28). The test consists of three subtests, involving three cards displaying 40 stimuli each:
color names printed in black (Subtask I), colored patches (Subtask II), and color names
printed in one of the other colors (Subtask III). For Subtask I subjects had to read aloud
the printed items, for Subtask II they had to name the color of the patches, and for
Subtask III they had to name the ink color of the printed words. The outcome parameters
of this test were the time needed to complete each subtest. Mean speed for Subtasks I
and II was used as a measure of general information processing speed (Str(I+II)/2).
Subtask III was used as a measure of color word interference susceptibility (Str(III)).

The Letter-Digit-Substitution-Test (LDST) is a modified version of the Symbol-
Digit Modalities Test ( 2 9 ). The LDST was used to measure basic information processing
speed. At the top of the test sheet, a box was presented with nine numbers coupled with
nine letters in a random order. Subjects were asked to copy as many corresponding num-
bers as possible to boxes on the rest of the page which contained only the letters. The
total number of corresponding numbers copied in 1 min. was used as the dependent variable.

Statistics
Differences in the subject characteristics between the pregnant group and the control
group were analyzed by unpaired t-tests.

Three aspects of cognitive functioning were used. The primary dependent variables
were: General speed (CST(I+II)/2, Str(I+II)/2 and LDST), Complex speed (CST(III) and
Str(III)) and Memory (WLTtot, WLTdr and Fluency). To test whether the dependent vari-
ables were different between the two groups at week 14, one-way ANOVA corrected
for education was used. The ANOVA repeated measures procedure was used to test
whether there was a difference in cognition between control non-pregnant women and
pregnant women during their 17th to 36th week of gestation. Group (pregnant or control)
as between-subjects factor and time (weeks 17, 29, and 36) as within-subjects factor were
used in the model. One-way ANOVA corrected for education was used to test whether
there was an effect of motherhood on cognition. Although education was not statistically
significantly different between the two groups, we decided to enter education as covari-
able in the models because it is an important confounder in this type of research. The sta-
tistical package used for these analyses was SPSS10.0 for Windows and the significance
level was set at p< 0.05.

RESULTS
The results of the cognitive tests at different time points during the study are shown in
Figure 4.1 and the results of the statistical analyses in Table 4.2.

General speed No significant differences were found between the women in the
control group and the women in the pregnant group for all three tests measuring general
speed neither at week 14 of pregnancy nor later in pregnancy (weeks 17-36). 
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Figure 4.1 Average cognitive scores of the pregnant group versus the control group 
over the study period (mean ± sem)

General Speed

Complex Speed

Memory

Note: Higher score on speed tasks means longer duration to fulfil the task, so lower performace in speed of

information processing. CST= Concept Shifting Test, Str= Stroop Test, LDST= Litter Digit Substitution Test,

WLT= Words Learning Test, tot= total, dr= delayed recall, FLU= Fluency Task
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Table 4.2 Results of statistical analyses of the differences between the control and the
pregnant group (p-values)

Aspect of cognition Test week 14  week17-36   week 72
BS WS   

General speed CST(I+II)/2 (planning) 0.264 0.169 0.639 0.010   
Str(I+II)/2 (selective attention) 0.171 0.057 0.067 0.064
LDST (coding) 0.128 0.113 0.846 0.013

Complex Speed CST(III) (planning) 0.403 0.707 0.553 0.233
Str(III) (selective attention) 0.049 0.110 0.082 0.276  

Memory WLTtot (encoding) 0.042 0.044 0.769 0.031
WLTdr (retrieval) 0.004 0.082 0.264 0.059
FLU (semantic memory) 0.010 0.054 0.551 0.281  

Note: Differences between the control group and the pregnant group were corrected for education level.

CST= Concept Shifting Test, Str = Stroop Test, LDST= Letter Digit Substitution Test, WLT = Words Learning

Test, FLU = Fluency Test, tot= total, dr= delayed recall, BS = Between Subjects effects, WS = Within Subjects

effects

However, statistically significant differences were observed between pregnant and non-
pregnant women on general speed at 32 weeks postpartum, i.e. in early motherhood.
Both CST(I+II)/2 (F (1, 102)= 6.979, p= 0.010) and LDST (F (1, 104)= 6.331, p= 0.013) revealed
significant results with the women in the control group performing better than the new
mothers. Str(I+II)/2 approached significance (F(1, 103)= 3.515, p= 0.064).

Complex speed Performance on the complex speed tasks was not significantly differ-
ent between women in the pregnant and in the control group at any of the times tested, with
the exception of the Stroop test during early pregnancy (Str(III) F (1, 103)= 3.976, p= 0.049).

Memory The memory performance of the pregnant women was significantly worse
on all three tests than that of women in the control group during early gestation (week
14) (WLTtot F (1, 102)= 4.229, p= 0.042, WLTdr F (1, 102)= 8.680, p= 0.004, FLU F (1, 103) =
6.861, p= 0.010). The difference in encoding, as measured by the WLTtot, between the
women in the control group and the women in the pregnant group did not disappear dur-
ing pregnancy (F(1, 102)= 4.157, p= 0.044) and also FLU tended to remain significantly differ-
ent between the pregnant women and the control women during later pregnancy (weeks
17-36) (F(1, 104)= 3.782, p= 0.054). Thus retrieval from semantic memory was poorer in the
pregnant women than in the non-pregnant women; however, the difference in retrieval,
measured with the WLTdr, was no longer significant.

With respect to cognition 32 weeks after delivery, the new mothers had a poorer
encoding (WLTtot) performance than the control women (F(1, 102)= 4.776, p= 0.031), and
the differences in retrieval (WLTdr) approached significance (p= 0.059). At 32 weeks
after delivery, fluency (FLU) was better in the control women than in the new mothers
(1.37;11.82-10.45) but this difference was not statistically significant (p= 0.281). 
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DISCUSSION
This study investigated whether there are short and/or long-term differences in various
aspects of cognitive functioning between pregnant and non-pregnant women. Our findings
revealed that pregnant women have cognitive deficits, the type and severity of which
appear to depend on the stage of pregnancy. Cognitive deficits were also detected 32
weeks after delivery. In the following we will successively discuss the specific deficits in
memory during pregnancy and subsequently during early motherhood. In addition, this
discussion will also focus on the fact that deficits in speed of information processing were
detected during early motherhood but not during pregnancy. Ultimately, we will finish
with a summary of our main conclusions.

With respect to memory performance there was a clear difference between pregnant
women and non-pregnant women in memory tasks during early gestation (week 14 of
pregnancy) which lasted during pregnancy and, in some instances, to 32 weeks after deliv-
ery. Intentional learning, as measured by an explicit memory task (WLT), was worse at all
assessments in the pregnant women than in the non-pregnant control women. This was
especially pronounced for encoding (WLTtot): Marginal differences in retrieval (WLTdr)
were found in later pregnancy and early motherhood. Semantic memory, as measured by
the Fluency task (FLU), also differed between pregnant women and control women with
the control women performing better than the pregnant women. This difference was no
longer statistically significantly different during early motherhood (32 weeks postpartum). 

Longitudinal studies of memory during pregnancy are scarce. Keenan et al (30) tested 10
pregnant women in all three trimesters of pregnancy and also postpartum and compared
them with 10 matched non-pregnant women. Using the Wechsler Memory Scale-Revised
Logical Memory and the Californian Discourse Memory Test, they observed a deteriora-
tion in the immediate as well as the delayed recall of paragraph-length in the pregnant
subjects as compared to the control subjects. This difference, however, was only signifi-
cant in the third trimester. The results of increased deficits in explicit memory during
pregnancy presented here support the findings of Keenan et al. In addition, deficits in early
pregnancy (week14) and to lesser extent postpartum were also observed in this study.
Keenan and coworkers did not find any difference postpartum, whereas we observed that
explicit memory was still compromised. This discrepancy could be attributed to the fact
that our study was larger and, consequently, had more power than Keenan’s. 

Our findings of impaired memory throughout pregnancy could, in theory, be due to
selection bias, i.e. differences in cognitive performance between the two groups at study
intake. However, our findings are consistent with those of the cross-sectional study of
Sharp and colleagues (7), who demonstrated an objective impairment of both implicit and
explicit memory during pregnancy. Deficits were found in all trimesters and were compa-
rable for multigravids and primigravids. Those authors used different neuropsychological
tests, such as recall and recognition of words from a priming list (i.e. an implicit memory
test) and recall and recognition of photographs and household objects (explicit memory),
which strengthens the findings of both studies. 

Even though we did not expect a priori the effect of motherhood, it is a very plausible
finding. Early motherhood is characterized by numerous environmental changes and is
stressful, because of an enhanced information processing load. McVeigh investigated the
early motherhood experiences of 79 first-time mothers. The main outcomes included the
tiredness the women experienced, their feelings of incompetence, and the lack of time for
themselves (16). All these factors can have an effect on cognitive functioning.

One of the few studies that evaluated cognition after delivery was conducted by
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Buckwalter et al ( 8 ). They concluded that women performed memory tasks better 26.5
days after delivery than during pregnancy. However, they did not use a non-pregnant con-
trol group in their study, and thus the findings could reflect a learning effect.

On the basis of subjective tests, Casey and coworkers (31) concluded that pregnant and
postpartum women reported significantly more everyday forgetting than non-pregnant
controls. Although objective tests did not confirm this, our results are consistent with
Casey’s subjective findings. 

Eidelman and colleagues ( 6 ) investigated cognitive performance in the days following
delivery by comparing the performance of 100 new mothers with that of non-pregnant
childless women, third-trimester high-risk pregnant women, and fathers of newborns.
Their results suggest that parturients had significant memory deficits on the first day post-
partum, but that this deficit was no longer apparent 2 or 3 days after delivery. These
results imply that memory impairment would not be present 32 weeks after delivery,
which contrasts with our results showing that memory impairment was still present dur-
ing early motherhood. In Eidelman’s study, however, motherhood factors such as sleep
deprivation, feelings of responsibility, and sadness, would not have negatively affected per-
formance because most women were still in hospital and could share responsibilities with
the medical team. Besides, the cumulative effects of sleepless nights begin to have an
impact at about 4 weeks postpartum (32). It is probable that these factors played a role in
our study, because the women had been caring for themselves and their babies for more
than half a year (16). This could explain why memory deficits were found in our study at 32
weeks post-partum but not in the Eidelman study at 2 or 3 days post-partum.

With respect to speed of information processing, it appears from our results that preg-
nant women do not experience more difficulties on tasks requiring general speed of infor-
mation processing than do non-pregnant women. However, early motherhood appears to
be characterized by a deterioration in the speed of information processing, because 32
weeks after delivery the new mothers performed worse on the CST(I+II)/2 and LDST than
the control women (Str(I+II)/2 almost reached significance). Earlier studies have already
focussed on this aspect of cognition. Harris et al ( 3 3 ), using tests comparable to ours, tested
20 pregnant women at week 36 of pregnancy and 48 hours and 4 weeks postpartum by
means of the adapted DSST (Digit Symbol Substitution Test) (comparable to the LDST)
and the TM (Trail making test) (comparable to CST). The performance of these women
was compared with that of 20 matched controls tested at comparable times. The pregnant
group scored worse on the DSST, with the largest performance difference being found 48
hours after delivery. We observed poorer performance on the LDST 32 weeks postpar-
tum. In contrast to our study, Harris et al did not find any effects on planning as measured
by the TM. However, some differences should be taken into account. First Harris and
coworkers tested their pregnant subjects at three different locations: a quiet place in the
antenatal clinic, next to the participant’s bed, and at the mother’s home. On all occasions
we tested our participants in their homes, without any family members around, the door
bell and the telephone switched off and, when possible, always at about the same time of
the day. This was all done in order to prevent any environmental differences. Secondly,
Harris colleagues stated that their sample size was too small, which could lead to failure to
find significant differences in tests, such as the TM. In the study presented here there were
nearly three times as many study participants. Finally, we used revised versions of the TM
and the DSST, which are more sensitive in detecting possible differences ( 2 4 ). These tests
proved their effectiveness in earlier research into the neurocognitive functioning of healthy
subjects and subjects with only mild cognitive complaints (21, 25, 34, 35).
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In our study, pregnancy and early motherhood did not affect performance on complex
speed tasks. This suggests that the changes in pregnant women (and new mothers) are
confined to ‘general speed’ and do not extend to higher aspects of cognitive functioning.
Thus, concept shifting ability and planning appeared not to be compromised, which indi-
cates that the findings are indeed subtle.

In conclusion, our study demonstrates that both pregnancy and early motherhood are
associated with specific differences in cognitive performance as compared with that of
matched, non-pregnant control women tested at the same time intervals. Pregnancy is
characterized by deficits in all measured memory functions: encoding, retrieval and
semantic memory, whereas early motherhood appears to be associated with deficits in
memory and in speed of information processing. 

Thus, our results suggest that there is a shift in cognitive performance from early preg-
nancy to early motherhood. Further studies are warranted to unravel the possible causes
of the differences in cognitive performance. 
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ABSTRACT

Using a longitudinal design we provide evidence that selective attention 

- a key component of cognition concerned with selection and preparation -

is compromised during pregnancy. Selective attention was operationalized

by means of the finger precuing technique, which selectively prepares two

of four finger responses. The precuing benefit was taken as a measure of

selective attention. Pregnant women showed a significant smaller precuing

benefit at week 36 of pregnancy than did the control women, indicating loss

of selective attention.  Thirty-two weeks after childbirth this performance

decrement had vanished, reflecting a functional recovery. 
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During pregnancy the maternal body changes drastically. Physiological evidence comes
from studies demonstrating complex hormonal changes ( 1 ), alterations in fatty acid levels ( 2 ),
and, of course, increments in body weight (3). In contrast - and despite abundant anecdotal
reports suggesting deficits in memory and attention - serious scientific examination of
cognitive changes during pregnancy has been limited to a few studies that mainly focussed
on memory loss (1). In addition not many longitudinal studies about the relation between
pregnancy and cognition are available. The purpose of this study was to investigate if, and
if so how, pregnancy affects selective attention. More specifically, we aimed to determine
(1) whether selective attention was different between pregnant women and non-pregnant
women matched for age and education during pregnancy; and (2) whether there was a
difference in selective attention between the two groups after delivery.

Many studies have established that human subjects can make use of advance informa-
tion to improve perceptual analyses (4), but also to speed up motor processes (5). In the
spatial precuing task, subjects are forewarned by a cue about the location of an upcoming
target stimulus. Typically, valid precues yield substantial benefits in speed and accuracy of
responding. This has been shown for target detection (6), target identification (7), and target
discrimination tasks (8), but also for response selection (or choice reaction time) tasks (5).
The emerging consensus is that precuing benefits are mediated by selective attention: The
precue directs a process of selective attention whereby perceptual and motor processes
are prepared for, readied, and tuned to the most relevant source of information (9, 10). The
resulting effect is a shortening of the processing time when the target stimulus arrives. 

In this study we investigated whether pregnancy would affect visual selective attention
in a specific version of the spatial precuing task, the so-called finger precuing task ( 1 1 ). 
In this task, the spatial precue provides visual information about which finger to use for
responding (Figure. 5.1a and b). At base, the finger precuing task is a 4-choice reaction
time task, with the precue reducing the number of possible response choices from 4 to 2.
That is, the spatial precue specifies two possible target locations, thereby informing about
two possible finger responses. Since the Hick-Hyman Law (12, 13) holds that 2-choice reac-
tion times are shorter than 4-choice reaction times, precue effectiveness can be inferred
from a significant reaction time or precuing benefit in the cued (i.e., 2-choice) conditions
over the control, uncued (i.e., 4-choice) condition.

The finger precuing task requires subjects to respond to spatial-location stimuli dis-
played on a computer screen with discrete button-press responses by index and middle
fingers of both hands placed on four keys (Z, X, ., and /) of the computer keyboard (the
two left-most and two right-most keys on the bottom row of the keyboard). The task
involves a spatial precuing method in which two of four possible stimulus-response loca-
tions are precued during a preparation interval of 1 s. The display consists of three
horizontal rows, representing warning, precue, and target stimulus, respectively. First the
warning stimulus is presented; it consists of four plus (+) signs that indicate the four pos-
sible stimulus-response locations. After 750 ms the precue is presented; it consists of plus
signs either in all four positions (uncued condition) or in only two of the four possible
positions (the cued condition). One thousand milliseconds later the reaction signal is pre-
sented; it consists of one plus sign, indicating the final target location. The subject’s task is
to respond as quickly as possible to the position in which the reaction signal occurs by
pressing the appropriate response button. Target signal and response button are mapped

Selective attention deficits during human pregnancy 



74

Chapter 5

20

30

40

50

60

10 20 30 40

Weeks

*

72

pregnant

control

pregnancy post-partum

Fig. 5.1(a) Temporal sequence of events in the finger precuing task

Fig. 5.1 (b) Schematic representation of the different precuing conditions in the finger
precuing task. 

Fig. 5.1(c) Experimental results. Mean precuing benefit (and sem) for the pregnant and
control subjects as a function of time. (* p< 0.05).



onto each other in a spatially compatible manner such that a target appearing in the left-
most position has to be responded to with the left-middle finger pressing the left-most
response button, etc. The finger precuing task has been devised by Miller (11), who modi-
fied Rosenbaum’s (14) movement precuing technique.

Two main precue conditions are distinguished. In the cued condition, the precue con-
sists of plus signs in only two of the four possible positions, specifying two fingers on the
same hand (e.g., the left-middle and left-index fingers), specifying the same finger on differ-
ent hands (e.g., the left-index and right-index fingers), or specifying different fingers on dif-
ferent hands (e.g., the left-middle and right-index fingers). In the u n c u e d condition, the
precue provides no advance information (it contains plus signs in all four possible stimulus
locations), and thus precludes selective preparation of any combination of two finger
responses. Each subject received a block of 80 test trials. Within a block of 80 test trials,
there were 20 trials for the uncued condition (5 for each of the four stimulus positions)
and 20 trials for each of the hand-cued, finger-cued, and neither-cued conditions (also 5
for each of the four stimulus positions). The order of these cuing conditions within a
block of 80 trials was ad random. Twenty practice trials preceded the block of 80 test trials.

Our choice for the finger precuing task was motivated by several considerations. First,
the cued and uncued conditions are matched for motor output, because the same finger
responses are involved in both conditions. Consequently, the precuing benefit, indexed as
the difference in reaction time between cued and uncued conditions, reflects selective
attention and not motor execution processes or reaction time per se. Second, the finger
precuing task has been applied successfully to the study of cognitive ageing: Older sub-
jects have been shown to generate a substantial smaller precuing benefit than younger
subjects do, suggesting a pronounced loss of attentional capacity as one grows older (15).
Third, as revealed in a recently completed neuroimaging study, the attentional mecha-
nisms operating in the finger precuing task appear to be controlled by a network of brain
structures that includes specific areas in the prefrontal cortex, the parietal cortex, and
the basal ganglia ( 1 6 ). All these three brain areas have been implicated in the control of
selective attention (17-19), bolstering the notion that precuing benefits in the finger precuing
task are indeed mediated by attentional operations. Together, the above considerations
suggest that the finger precuing task may be an adequate behavioural tool to trace possi-
ble pregnancy-related changes in selective attention.

Fourty-eight pregnant women (mean ± SD age is 29.7 ± 3.9 years) performed the fin-
ger precuing task several times during their pregnancy (weeks 14, 17, 29, 36 of pregnan-
cy) and also 32 weeks after childbirth. A control group of forty-eight non-pregnant
women (mean ± SD age is 30.5 ± 4.2 years), matched for age and education, performed
the same task at the same time intervals. The original sample contained 100 subjects, but
four subjects were excluded, because they failed to show a consistent preparation benefit.
The exclusion criterion was a negative preparation benefit (i.e., longer RTs in cued than in
uncued conditions) in at least three of the four weeks during pregnancy. Educational level
was measured an 8-point scale, ranging form primary education to higher vocational train-
ing and university (20) and was not different between the two groups as measured by a
Mann-Whitney test (p= 0.3992, 4.4±1.23 versus 4.2±1.4 (mean ± SD) for the control
group and the pregnant group, respectively).

Performance in the finger precuing task during pregnancy (figure 5.1c) was examined
with a two-way split-plot analysis of variance (ANOVA). The within-subject factor, week,
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had four levels (weeks 14, 17, 29, and 36 of pregnancy). The between-subject factor,
group, had two levels (pregnant, control). The dependent variable was the precuing bene-
fit, indexed as the difference in reaction time between conditions with and without
informative precues (i.e., uncued minus cued). Education level was entered as a covariate
in the analysis, because it is known as a possible confounder in this type of research. We
used the Greenhouse-Geisser corrected significance values to adjust the tests involving
the within-subject factor for heterogeneity of variance and covariances. The main effects
of group and week were not significant (ps> 0.217), but there was a significant interaction
between group and week (F= 3.213; df= 3, 279; p= 0.025). Tests on simple effects of the
factor week indicated that the pregnant and control group generated similar precuing
benefits at weeks 14, 17 and 29 of pregnancy (ps> 0.265). However, at week 36 of preg-
nancy, the pregnant group showed a significant smaller precuing benefit than did the con-
trol group (p= 0.017). This important finding indicates that pregnancy negatively affected
selective attention at week 36 of pregnancy. This performance decrement, however, had
disappeared 32 weeks after childbirth (F= 0.689; d f= 1, 93; p= 0.409; education level
entered as covariate). Responses were very accurate as mean error was 1.65% and 1.46%
for the pregnant and the control subjects, respectively. The slight increase in precuing
benefit for both groups during early pregnancy (from week 14 to 17) probably reflects a
learning effect.

Selective attention is an essential brain function that mediates the selection of informa-
tion to control action. It is difficult to specify the nature of the pregnancy-related atten-
tional deficit. An early, perceptual but also a late, motoric locus seems possible. It should
be noted, however, that recent theories of attention emphasize the close link between
perception and action, making the “locus” question less relevant. For example, the “pre-
motor” theory of attention (21) claims that there is no need to postulate an attention sys-
tem separate from systems that controls action: The system that controls action is also
the system that controls attention. According to premotor theory, spatial maps (in the
parietal and frontal cortex) not only code the locations of objects but also are involved in
preparing goal-directed motor actions to these locations. Hence, the act of attending to a
spatial location is equivalent to the act of preparing some type of motor response to that
location. A similar view is articulated in the Visual Attention Model (VAM) proposed by
Schneider (22). According to this model, visual attention not only selects objects for per-
ceptual processing, but also, and concurrently, provides the spatial parameters for actions
towards these objects. Finally, the integrated competition hypothesis (23) posits that atten-
tion emerges as an integrated state in which multiple brain systems converge to process a
selected object together with its implications for action. According to these views, the
dichotomy between perceptual and motoric processes becomes blurred and probably
less relevant.

The behavioural advantage of “paying attention” is efficiency and coherence of res-
ponding. The importance of selective attention for our everyday life should not be under-
estimated, and is probably best illustrated by referring to what happens when it fails.
“Slips of action” - like car accidents or small accidents in or around the house - often
arise when we are not “paying attention”. Patients with attentional deficits - such as
patients with frontal lobe damage-typically show passive, inert and distracted behaviour
(24). The results of the present study indicate that the efficiency of attentional operations
as measured by the finger precuing task (that is, attentional selection and preparation)
may be compromised in the final stages of pregnancy. However, on the upside, our find-
ings also indicate that this deficit is not irreversible, but that it appears to recover after
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childbirth. As to the mechanisms of this pregnancy-related impairment in selective atten-
tion one can only speculate, but it is possible that hormonal changes, changes in fatty
acids levels or the need of the unborn baby for important nutrients at the expense of the
mother may play a role. 

One possible explanation for the attention deficit during pregnancy is the fatty acid
hypothesis. Fatty acids are important building blocks for all cell membranes, including
those of the central nervous system. In particular, the amount of docosahexaenoic acid
(22:6n-3, DHA) drops, after an initial increase, in the later stages of pregnancy, and has
recovered 32 weeks after delivery (25, 26). Interestingly, this pattern of DHA-variation during
pregnancy closely parallels the present variation in precuing-benefit during pregnancy.
Hence, it seems possible that maternal DHA status might be related to brain function. An
alternative direction for possible interpretation is to look at the influence of hormones.
Even though the available evidence is somewhat mixed, there are reports indicating that
hormones like oestrogens, progesterone, glucocorticoids, and oxytocin might be related
to memory impairments during pregnancy ( 1 ). Obviously, clarification of the underlying mech-
anism of the observed attentional deficit during pregnancy awaits further experimentation.

We believe that the present research is important because it represents a necessary
first-step in an exciting, cross-disciplinary journey of inquiry, serving to flesh out our
understanding of pregnancy-related neurocognitive changes.

Selective attention deficits during human pregnancy 
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ABSTRACT

Increasing evidence suggests a positive association between docosa-

hexaenoic acid (22:6n-3, DHA) 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 (18:3n-3, ALA, the

ultimate dietary precursor of DHA) and some linoleic acid (18:2n-6, LA, 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 sig-

nificant 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 lower cognitive performance as indicated by longer reac-

tion times on the finger precuing task (partial correlation coefficients 0.3705

and 0.4633, respectively, p<0.01). These latter results certainly need further

i n v e s t i g a t i o n .
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INTRODUCTION
Essential fatty acids (EFAs) are important constituents of all cell membranes, including
those of the central nervous system. Especially the long-chain polyunsaturated fatty acids
(LCPUFAs) docosahexaenoic acid (22:6n-3, DHA) and arachidonic acid (20:4n-6, AA) are
present in high concentrations in the cell membranes of the central nervous system.(1, 2)

Recently, the vital role of the long-chain polyunsaturated derivative of alpha-linolenic acid
(18:3n-3, ALA), DHA, for neural development has been recognized.(3, 4)

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 chil-
dren showing that the fatty acid status at birth may affect certain aspects of later brain
f u n c t i o n .( 9 ) Both in premature ( 1 0 - 1 9 ) and term infants ( 2 0 - 2 7 ), dietary LCPUFAs, 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 (18:2n-6, LA) and ALA resulted in improvements in short term memory and
improved ability to navigate in the home.(33) This might also suggests that EFA supplemen-
tation influences cognition.

As far as we know, there are no studies investigating the effect of ALA supplementa-
tion, 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 LA 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 per-
formance 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.

MATERIAL AND METHODS

Design
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 out-
c o m e .( 3 5 ) 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
grams of a special margarine per day from week 14 of gestation on until the end of preg-
nancy. 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 three 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
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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 cal-
culated for weeks 14, 26/29, and 36 of pregnancy, and 32 weeks after delivery.

Study population
Subjects were recruited by midwives in the regions Maastricht, Heerlen and Sittard and
by the Department 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.

Supplements
As described in detail before (35), the experimental margarine provided 2.82 g ALA and
9.02 g LA per day with the requested consumption of 25 g per day. The margarine of the
control group provided 0.03 g ALA and 10.94 g LA per 25 g per day. 

Cognitive test battery
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.

The Visual Verbal Word Learning Task (WLT) evaluates the ability to acquire
and retain new verbal information.( 4 0 ) After presentation of fifteen words, participants
were asked to recall as many words as possible (repeated three times). Dependent vari-
ables 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 minutes, the
delayed recall (WLTdr), in order to measure retrieval.

The Concept Shifting Test (CST) was used to measure the capability to shift between
c o n c e p t s .( 4 1 ) This test consists of three subtasks: the subject had to cross out, in the proper
order, 16 circles containing numbers, (1 to 16; Subtask I), letters (A to P; Subtask II), or both
(1A-2B-3C, etc. Subtask III). The variables of interest were the average times to complete
Subtask I and II as a measure for general information processing speed (CST(I+II)/2), and the
time to complete Subtask III as a measure for concept shifting ability (CST(III)).

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)/2).
Subtask III was used as a measure of color word interference susceptibility (Str(III)).

The Letter-Digit-Substitution-Test (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 combi-
nations at the top of the form. The total number of digits correctly related to a letter was
used as the dependent variable.
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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)

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 the predominant LCPUFAs in brain
tissue, DHA, and AA (%wt/wt). In addition, Osbond acid (22:5n-6, ObA), which is generally
accepted as the deficiency marker for DHA received attention. 

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 treat-
ments. In addition, education was measured on an 8-point scale, 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.

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 dif-
ferences 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-subjects 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-subjects 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 <0.01 were considered significant, unless otherwise indicated.
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RESULTS

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 melli-
tus gravidae, from which it is known that it influences fatty acid status.( 4 6 - 4 8 ) Thus, finally 56
women participated in the study, 26 in the control group and 30 in the experimental group.

Table 6.1 shows the subjects’ characteristics. No significant differences were observed
between the two groups for any of these variables (p>0.05). Average margarine consump-
tion per day in the control and the experimental group was 27.0±2.9 g and 27.7±3.4 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 g and 11.8 g, respec-
tively, whereas women in the experimental group consumed 3.12 g ALA and 9.99 g LA
from the margarines supplied.

Table 6.1 Subject characteristics (mean ± SD)

Characteristics Control group Experimental group 
(n = 26) (n = 30)  

Age (yr.) 29.0 ± 3.7 29.9 ± 3.3  
Weight (kg) 71.8 ± 12.1 72.7 ± 16.6  
Height (cm) 168 ± 6 170 ± 5  
Education1 3.9 ± 1.5 4.2 ± 1.5  
Margarine consumption (g/day) 27.0 ± 2.9 27.7 ± 3.4  
Alcohol consumption (%) yes / no 23.1 / 76.9 36.7 / 63.3  
Smoking (%) yes / no  30.8 / 69.2 13.3 / 86.7  
Parity (%) 0 / 1 / >1  42.3 / 38.5 / 19.2 40.0 / 50.0 / 10.0  
Gravidity (%) 1 / 2 / 3 / >3  34.6 / 34.6 / 15.4 / 15.4 33.3 / 50.0 / 6.7 / 10.0  

Note: 1 Education has been measured on an 8-point scale.(45)

Effect of EFA supplementation on cognition 
In table 6.2 the results on the respective cognitive tasks are presented. As shown in table
6.3, 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= 3.199, p= 0.048). 

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 concen-
trations of ObA in the experimental group (p= 0.000 and p= 0.003, respectively) com-
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pared to the control group during pregnancy (table 6.4). AA and DHA levels were not
significantly different between the two groups. No significant group*time 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 signifi-
cantly higher in the experimental group (p= 0.005).

Table 6.2 Cognitive performance during pregnancy in the control (C) and e x p e r i m ental 
(E) group (mean ± SD).

Test  Week 14 Week 17 Week 29 Week 36 3 2 weeks pp

WLTtot C 10.5 ± 1.8 10.3 ± 2.2 11.1 ± 1.6 11.4 ± 1.5 10.8 ± 1.5
# words     

E 9.9 ± 1.3 9.8 ± 2.0 10.7 ± 2.2 10.9 ± 1.5 10.3 ± 1.1  

WLTdr C 12.3 ± 2.0 12.0 ± 2.3 12.6 ± 2.1 13.0 ± 1.9 12.7 ± 1.6
#words    

E 11.5 ± 1.9 11.8 ± 2.5 12.8 ± 2.2 12.8 ± 1.6 12.5 ± 1.7  

CST (I+II)/2 C 13.6 ± 3.3 13.3 ± 3.2 12.6 ± 2.7 13.5 ± 3.8 12.3 ± 3.5
(s.)    

E 12.6 ± 3.1 12.1 ± 3.4 11.8 ± 2.3 12.2 ± 2.9 12.0 ± 2.9  

CST (III) C 21.7 ± 7.6 22.1 ± 7.2 19.5 ± 6.3 21.5 ± 7.3 21.4 ± 1.6
(s.)    

E 20.9 ± 7.2 19.6 ± 6.2 19.3 ± 1.1 18.5 ± 0.9 19.1 ± 5.8  

Str (I+II)/2 C 17.5 ± 2.3 17.0 ± 2.0 17.1 ± 2.1 17.4 ± 0.4 16.5 ± 1.6
(s.)    

E 17.2 ± 3.4 16.6 ± 2.5 16.4 ± 2.7 16.4 ± 2.3 16.0 ± 2.4  

Str (III) C 35.4 ± 6.4 31.9 ± 1.1 32.5 ± 3.8 32.5 ± 6.6 30.4 ± 5.4
(s.)    

E 33.9 ± 8.0 30.7 ± 8.3 31.2 ± 7.4 29.8 ± 6.1 29.0 ± 7.3  

LDST C 38.7 ± 6.9 39.6 ± 6.4 39.9 ± 1.1 40.2 ± 1.2 39.7 ± 6.7
#numbers/min.    

E 40.8 ± 5.4 40.9 ± 0.9 42.5 ± 0.9 43.7 ± 1.0 42.9 ± 1.0  

RT C 4144 ± 764 3974 ± 594 3906 ± 490 3938 ± 541 3746 ± 460
(ms.)    

E 3834 ± 465 3666 ± 426 3731 ± 478 3651 ± 451 3589 ± 442  

PB C 18.9 ± 33.5 30.2 ± 25.3 17.8 ± 19.5 21.8 ± 20.1 26.0 ± 18.8
(ms.)    

E 32.0 ± 27.5 29.7 ± 25.1 27.9 ± 18.5 27.5 ± 15.1 33.3 ± 21.2 

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 6.3 Results of the statistical analyses for the cognitive tests (p-values)

Test Group effect Group*Time effect  

WLTtot (learning) 0.416 0.868  

WLTdr (retrieval) 0.411 0.397  

CST (I+II)/2 (speed of operation in working memory) 0.453 0.957  

CST (III) (shifting ability) 0.132 0.132  

Str (I+II)/2 (information processing speed) 0.113 0.084  

Str (III) (color word interference) 0.384 0.222  

LDST (coding) 0.146 0.048  

RT (selective attention) 0.312 0.377  

PB (selective attention) 0.870 0.154   

WLT= Words Learning Test, tot= total, dr= delayed recallCST= 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 6.4 Fatty acid levels during and after pregnancy (mean ± SD) (n= 26 in control 
group (C) and 30 in experimental group (E))

FA Week 14 Week 26 Week 36 Partus 32 week pp

ALA*# C 0.22 ± 0.08 0.23 ± 0.07 0.21 ± 0.06 0.20 ± 0.08 0.15 ± 0.06   
E 0.22 ± 0.08 0.43 ± 0.13 0.39 ± 0.13 0.38 ± 0.14 0.20 ± 0.07 

AA C 9.83 ± 1.75 8.74 ± 1.31 8.28 ± 1.23 8.71 ± 1.28 10.13 ± 1.73   
E 9.56 ± 1.70 8.06 ± 1.62 7.80 ± 1.51 8.19 ± 1.36 9.54 ± 1.93  

DHA C 4.04 ± 0.87 3.72 ± 0.94 3.68 ± 0.92 3.57 ± 0.82 3.15 ± 1.03   
E 4.48 ± 1.01 3.89 ± 0.68 3.95 ± 0.87 3.94 ± 0.96 3.10 ± 0.80  

ObA* C 0.34 ± 0.13 0.39 ± 0.14 0.44 ± 0.15 0.45 ± 0.19 0.21 ± 0.09   
E 0.30 ± 0.08 0.28 ± 0.08 0.30 ± 0.11 0.33 ± 0.11 0.21 ± 0.08  

N o t e : 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).
* = significant difference between the two groups at weeks 26 and 36 of pregnancy and at partus (p< 0.05).
# = significant difference between the two groups 32 weeks after delivery (p< 0.05).

C o rrelation between plasma fatty acid concentrations and cog n i t i ve
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 correla-

ChapterChapter 6



89

tion coefficients 0.3705 and 0.4633, respectively, p< 0.01 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.

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 cog-
nitive 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 bio-
chemical 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 impor-
tant signaling molecules derived from EFA, such as prostaglandins and eicosanoids.( 5 0 - 5 2 )

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 more-unsaturated 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 per-
formance.(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 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 dur-
ing mid- and 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 influ-
ence 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 infor-
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mation 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 th present study between plasma DHA concentration
and selective attention has not been refuted. 
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ABSTRACT

Observational studies suggest an association between a low docosa-

hexaenoic acid (22:6n-3, DHA) status after pregnancy and the occurrence

of postpartum depression. However, a comparison of the actual biochemi-

cal plasma DHA status among women with and without postpartum

depression has not been reported yet. 

The contents of DHA and of its status indicator Osbond acid (22:5n-6, ObA)

were measured in the plasma phospholipids of 112 women at delivery and 

32 weeks postpartum. At this latter time point, the Edinburgh Postnatal

Depression Scale (EPDS) questionnaire was completed to measure postpar-

tum depression retrospectively. The EPDS cutoff score of 10 was used to

define ‘possibly depressed’ (EPDS score ≥10) and non-depressed women

(EPDS score <10). Odds ratios (OR) were calculated using a multiple logistic

regression analysis with the EPDS cutoff score as dependent and fatty acid

concentrations and ratios as explanatory variables, while controlling for differ-

ent covariables. The results demonstrated that the postpartum increase of the

functional DHA status, expressed as the ratio DHA/ObA, was significantly

lower in the ‘possibly depressed’ group compared to the non-depressed group

(2.34 ± 5.56 versus 4.86 ±  5.41, respectively; OR=0.88, p=0.03). 

Lactating women were not more predisposed than non-lactating women were

to develop depressive symptoms. From this observation it seems that the avail-

ability of DHA in the postpartum period is less in women developing depressive

symptoms. Although further studies are needed for confirmation, increasing the

dietary DHA intake during pregnancy and postpartum, seems prudent.
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INTRODUCTION
Accumulating evidence supports the hypothesis that the occurrence of depression is
associated with a low n-3 long chain polyunsaturated fatty acid (LCPUFA) status (1-5). Thus,
epidemiological studies have shown that populations with high intakes of n-3 fatty acids
have lower rates of depression than populations with low consumption of these fatty
acids (6). In addition, the proportions of n-3 LCPUFAs in plasma and/or erythrocytes have
repeatedly been reported to be significantly lower in depressed patients compared to
healthy control subjects (6-10).

Up till now, only one study demonstrated a significant association between lower lev-
els of n-3 fatty acids, especially DHA, and postpartum depression. In this study, Hibbeln
showed that both lower DHA content in mothers’ milk and lower seafood consumption
were associated with higher rates of postpartum depression in 23 different countries (11).
However, studies investigating the association between biochemical fatty acid markers
and the prevalence of postpartum depression are still lacking.

Previously, Holman and colleagues and Al and coworkers demonstrated that pregnancy
is associated with a marked reduction in the biochemical DHA status (12, 13). After an initial
increase during the first trimester of pregnancy, a relatively strong decrease was observed
in the fraction of this fatty acid in maternal plasma phospholipids. This decrease was
shown to persist after delivery, particularly in women breastfeeding their infants ( 1 4 ).
Although it has been hypothesized that changes in the maternal DHA status during preg-
nancy and after delivery may contribute to the development of depression in the postpar-
tum period (5) and supportive evidence from an ecological study has been obtained (11), so
far no studies have been reported which directly compare the postpartum changes in the
maternal DHA status and the occurrence of postpartum depression. Therefore, we decid-
ed to investigate the relationship between postpartum depression and the changes in DHA
concentrations in maternal plasma phospholipids after delivery and during lactation.

In case of a functional DHA shortage, the conversion of adrenic acid (22:4n-6, AdrA)
to Osbond acid acid (22:5n-6, ObA) increases, resulting in relatively high levels of this lat-
ter fatty acid (15). Hence, the ratio 22:6n-3/22:5n-6, the DHA sufficiency index, has been
formulated to indicate a more functional DHA status (16). Therefore, in the present study,
we not only focussed on the DHA content of plasma phospholipids, but on this more
functional measure of the DHA status also.  

As the postpartum decline in the DHA status is significantly stronger in lactating than
in non-lactating women, we also examined whether breastfeeding is related to an increased
risk of postpartum depression.

SUBJECTS AND METHODS

Subjects
Subjects included in the present study participated in two earlier studies conducted to
investigate maternal essential fatty acid (EFA) status in pregnancy and postpartum. In the
first study (Study 1), the postpartum LCPUFA courses were studied in lactating and non-
lactating women, together with the maternal dietary fatty acid intake in this period (14).
The second study, a double blind, randomized-controlled intervention trial (Study 2),
aimed at answering the question whether an increase in the nutritional ratio of alpha-
linolenic acid (18:3n-3, ALA) to linoleic acid (18:2n-6, LA) during pregnancy would
improve the maternal and neonatal (EFA) and LCPUFA status ( 1 7 ). Both studies were
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approved by the Medical Ethics Committee of the University Hospital Maastricht, and
written informed consent was obtained from each participant. 

As described in detail before, (14, 17) the subjects had been recruited through midwives in the
area of Southern Limburg (south of the Netherlands) and Departments of Obstetrics and
Gynecology of hospitals in the same area. The eligibility for study entry was the absence of any
metabolic, cardiovascular (including hypertension, diastolic blood pressure ≥ 90 mm Hg),
renal, psychiatric or neurological disorders, no medication except multivitamins and iron sup-
plementation, singleton pregnancy, term delivery (≥37 weeks of gestation), and no blood
transfusion in the perinatal period. Additional inclusion criteria in Study 2 were a gestational age
less than 14 weeks at entry, Caucasian origin, and fish consumption less than two times a week.

Assessment of postpartum depression
In both studies, postpartum depression was assessed retrospectively at week 32 after
delivery, using the validated Dutch version of The Edinburgh Postnatal Depression Scale
(EPDS) questionnaire. This questionnaire was developed for screening and monitoring of
depression in women in the postpartum period (18) and has also been validated for clinical
screening of depression in non-postpartum women (19). The EPDS has been translated into
Dutch by Pop and coworkers in 1992 and was found to have good psychometric proper-
ties (20). Since then, this version has been applied in studies in the Netherlands, including a
validation for assessing depression in menopausal women (21, 22). 

The EPDS is a 10-items self-reporting questionnaire. Each item is scored on a four-
point scale (0-3) and thus total scores can vary between 0 (not at all depressed) and 30
(very depressed). Usually, cut-off scores of 10 or 13 are used to identify the possibly
depressed women ( 1 8 ). In the present study the cut-off score 10 was used to define
women as “possibly depressed” (EPDS score ≥10) or “non-depressed” (EPDS score <10).
Reason for this choice was based on the fact that the postpartum depressive symptoms
were measured retrospectively, so the most sensitive depression indicator was needed.

Blood sample collection and fatty acids analysis
Venous blood samples were collected into EDTA containing tubes at week 36 of preg-
nancy, immediately after delivery, and 32 weeks postpartum. After blood collection, plas-
ma was separated from the erythrocytes by centrifugation. Aliquots of the plasma samples
were divided over storage cups and closed tightly under nitrogen. These samples were
stored at -80°C until fatty acid analysis. 

The fatty acids of phospholipids were isolated and analyzed as previously described (14, 17).
Because this method was slightly different between the two studies, a dummy variable for
‘study’ (1 or 2) was included in the statistical analyses (see below).

Fatty acids were quantified with the help of an internal standard and expressed in
absolute amounts (mg/L plasma) or in relative levels (% of total fatty acids, wt/wt). Here
only relative levels are reported, because the total absolute amounts of plasma phospho-
lipid-associated fatty acids (mg/L) at delivery and their postpartum changes were not sig-
nificantly different between the ‘possibly depressed’ and the ‘non-depressed groups’. 
As the emphasis is on the maternal DHA status, the following fatty acids were included in
the first analyses: DHA, ObA, and the ratio DHA to ObA, 22:6n-3/22:5n-6. 

In additional analyses we explored associations with the following fatty acids: LA, diho-
mo-gamma-linolenic acid (20:3n-6, DHGLA), arachidonic acid (20:4n-6, AA), adrenic acid
(22:4n-6, AdrA), sum of the n-6 LCPUFAs, ALA, eicosapentaenoic acid (20:5n-3, EPA),
docosapentaenoic acid (22:5n-3, DPA), and sum of the n-3 LCPUFAs.
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The postpartum changes in the fatty acids or fatty acid ratios were calculated by sub-
tracting the value at delivery from the value observed at week 32 postpartum.

Other variables
Information on parity, educational level, breastfeeding, smoking and alcohol use was
recorded in both studies. Educational level, measured on an 8-point scale, ranging from
primary education to higher vocational training and university (23), was dichotomized into
‘low’ and ‘medium/high’, and parity into ‘primiparous’ and ‘multiparous’. Finally, each
woman was asked about her self-perceived general health.

Statistical analyses
The DHA status resulting from the supplementation in Study 2 was assumed to be func-
tionally equivalent to the DHA status caused by habitual feeding. Therefore, it was felt
justified to combine the fatty acid data of both studies in the current analysis. The data
are presented as mean ± SD. In order to evaluate whether differences in subjects’ charac-
teristics existed between the groups originating from the two different studies (Study 1
and Study 2) the Mann-Whitney test and the Chi-square test were applied for comparison
of continuous and dichotomous variables, respectively. 

Possible correlations between the population characteristics and total EPDS scores
were assessed by the Spearman rank correlation test. To test whether there were differ-
ences in subject characteristics between the women diagnosed as ”possibly depressed”
(EPDS score ≥10) or as ”non-depressed” (EPDS score <10), the Mann-Whitney test and
the Chi-square test were used.

Multiple linear regression analyses were used in order to investigate which of the fatty
acids or fatty acid changes were associated with depression. In these analyses, the total
EPDS score (continuous) was included as the dependent variable and the fatty acids of
interest or their postpartum changes as independent variables. Maternal age at test
moment, parity, educational level, breast-/bottle-feeding, smoking, and use of alcohol
were included as covariables. In addition, a dummy variable was included for the two ini-
tial studies (see above). To analyze the potential fatty acid differences between “possibly
depressed” and “non-depressed” women (EPDS scores dichotomized at the cutoff score ≥10),
multiple logistic regression analyses were performed.  

The same statistical regression models were applied to examine the relationship
between the total EPDS score and maternal feeding practice, breast- or bottle-feeding, as
independent variable. Statistical differences were considered significant at p-values <0.05
(two-sided). All analyses were performed using the statistical package SPSS 10 for
Windows (release 10.0.7, SPSS Inc., Chicago, Illinois).

RESULTS
Only women who completed the Edinburgh Postnatal Depression Scale (EPDS) question-
naire (see below) and for whom fatty acid data at both delivery and at week 32 postpar-
tum were available were included. Ultimately, the study comprised 112 women, of which
57 were derived from Study 1 and 55 from Study 2. 

Characteristics of the study populations
Table 7.1 shows the characteristics of the study populations, originating from the two ini-
tial studies. The average duration of pregnancy in Study 1 tended to be significantly 
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longer, approximately 5 days, than that observed in Study 2 (p= 0.076). The distributions 
of educational level (low or medium/high) were significantly different between the two
study populations (p= 0.046). The majority of the women (87.7%) included in Study 1 had
completed a school of medium or higher educational level, whereas this was 72.2 % in
Study 2. However, further analyses within the respective studies showed no significant
correlation between educational level and the EPDS scores. Therefore, it was decided to
analyze both data sets jointly.

Table 7.1 Characteristics of the study populations 1,2

Study 1 Study 2  All   

n= 57 n=55  n=112

Age (yr) at week 32 postpartum 30.81 ± 3.13 30.51 ± 3.46 30.66 ± 3.28  

Height (cm) 168.86 ± 6.37 169.02 ± 5.68 168.94 ± 6.02  

Weight (kg) before pregnancy 66.49 ± 10.47 71.06 ± 14.16 68.74 ± 12.58  

Gestational age (wk) at delivery 40.3 ± 1.22 39.7 ± 1.463 40.0 ± 1.37    

Breastfeeding (yes/no) 35/22 33/22 68/44

Educational level (low/medium + high) 7/50 15/404 22/90

Parity (primi-/multiparous) 28/29 22/33 50/62  

1 Data are mean ± SD.
2 Entry in Study 1 is week 36 of pregnancy and in Study 2 before week 14 of pregnancy.
3 Tendency for significant difference between studies 1 and 2 (p= 0.076, Mann-Whitney test). 
4 Significant difference between the two studies (p=0.046, Chi-square test; Pearson).

Edinburgh Postnatal Depression Scale (EPDS) scores
Relation with population characteristics
Twenty one percent (=24 women) of the 112 women in the present study had a total
EPDS score of 10 or above and were, therefore, diagnosed as “possibly depressed” in the
postpartum period. No correlation was found between the EPDS score treated as a con-
tinuous variable and any of the population characteristics (maternal age at moment of
testing, educational level, parity, smoking or alcohol use). 

Of the 24 ”possibly depressed” women, 75% (n=18) rated their general health status in
the months after delivery as ‘not healthy’. For the women in the ”non-depressed” group
this was only 6% (n=5). This difference is significant (p=0.005). The other above-men-
tioned population characteristics were not significantly different between the two groups.

Relationship between total EPDS scores and DHA status
The average EPDS score for the total study population was 6.5 ± 5.1.
In Table 7.2 the mean plasma levels of DHA, ObA, and their ratio are shown for the total
group of women. No significant relationship was observed between DHA, ObA, or the
ratio DHA to ObA (22:6n-3/22:5n-6) and the total EPDS scores.
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Table 7.2 Plasma DHA status and the partial correlation coefficients of the relation with 
total EPDS scores1

At delivery Postpartum change

Fatty acids mean ± SD r2 p-value mean ± SD r2 p-value

DHA (22:6n-3) 3.91 ± 0.94 -0.06 0.563 -0.69 ± 0.94 0.04 0.694

ObA (22:5n-6) 0.47 ± 0.19 -0.01 0.927 -0.21 ± 0.16 0.04 0.681

22:6n-3/22:5n-6 9.83 ± 5.73 -0.01 0.913 4.32 ± 5.51 -0.08 0.430

1 mean EPDS scores = 6.5 ± 5.1
2 with correction for dummy variable, parity, educational level, maternal age at test moment, breast-/bottle-

feeding, smoking and alcohol use

Table 7.3 Plasma DHA status at delivery and postpartum increase in women with 
EPDS scores <10 (non depressed) or ≥10 (possibly depressed)1

At delivery Postpartum change

Fatty acids (% wt/wt) <10 ≥10 <10 ≥10  

n=88 n=24 n=88 n=24  

DHA (22:6n-3) 3.93 ± 0.97 3.82 ± 0.82 -0.68 ± 0.98 -0.74 ± 0.78  

ObA (22:5n-6) 0.48 ± 0.19 0.44 ± 0.19 -0.22 ± 0.16 -0.18 ± 0.15

22:6n-3/22:5n-6 9.52 ± 5.35 10.97 ± 6.97 4.86 ± 5.41 2.34 ± 5.56 2

Data are mean ± SD
1 Mean EPDS scores: cutoff <10 = 4.5 ± 2.4 and cutoff ≥10= 14.2 ± 4.9

2 Significant outcome (logistic regression analysis, df=1):b(s.e.)= -0.13 (0.06), p=0.030, with correction for

dummy variable, parity, educational level, maternal age at test moment, breast-/bottle-feeding, smoking and alco-

hol consumption

Difference in DHA status between “non-depressed” and “possibly
depressed” women  
The fatty acid compositions of plasma phospholipids at delivery and the postpartum
changes are shown in Table 7.3 for women in the ”non-depressed” group (EPDS scores
<10) and for those in the ”possibly depressed” group (EPDS scores ≥10), respectively.
Statistically significant relationships between depression and fatty acid status were not
observed with DHA or ObA, neither for the levels at delivery, nor for their postpartum
changes. However, the improvement of the DHA status during the postpartum period, as
reflected by the increase of the 22:6n-3/22:5n-6 ratio during this period, was higher in the
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non-depressed than in the depressed women (OR=0.90 (b(se)=-0.10 (0.05), p= 0 . 0 4 0 ) .
This indicates that the women with a slower improvement in this ratio had a 10% higher risk
for the development of postpartum depression. This significant finding remained after con-
comitant adjustments for dummy variable (Study 1 or 2), parity, educational level, maternal age
at test moment, breastfeeding, smoking and alcohol use (OR=0.88 (b(se)=-0.13 (0.06), p=0.030). 

Relationship with breastfeeding
No statistically significant relationship was observed between the maternal feeding prac-
tice, breast- or bottle-feeding, and the continuous EPDS scores (r=-0.04, p=0.669, linear
regression). Similarly, no statistically significant outcome was found for the EPDS scores
dichotomized at the cutoff score of ≥10 (OR= 2.10; p=0.160, logistic regression).

Additional exploratory analyses
The other n-6 and n-3 LCPUFAs considered and the sum of these LCPUFAs showed no
relationship with either the continuous or the dichotomized EPDS scores (Table 7.4). 

DISCUSSION
The prevalence of postpartum depression varies between 10-15%.( 2 4 ) According to the
Diagnostic and Statistical Manual of mental disorders IV, this condition arises within 4
weeks after delivery ( 2 5 ) and may still persist at 12 months after parturition ( 2 6 ). In the
Netherlands, Pop et al have shown that about 20% of women who have recently given
birth is affected by postpartum depression (27). In our present study, 21% of the women
scored 10 or above on the validated Dutch version of the Edinburgh Postnatal D e p r e s s i o n
Scale (EPDS), indicating that these women had been possibly depressed. The majority of
these women, 75%, reported a poor self-perception of their general health status. 

The reductions of the n-3 fatty acids during pregnancy were hypothesized as a risk fac-
tor for postpartum depression (5). Recently Hibbeln has published evidence from a cross-
national analysis supporting this hypothesis (11). Our results demonstrate that the slower
postpartum normalization of the functional DHA status, which is expressed as the 22:6n-
3/22:5n-6 ratio and becomes reduced during pregnancy, is related to the higher occur-
rence of depressive symptoms. The DHA status at delivery per se, did not correlate with
the depressive symptoms. Thus, a rapid recovery of the postpartum availability of DHA
seems to lower the risk of postpartum depression, whereas a relatively slow postpartum
increase seems to confer a 10% higher risk for the development of this condition. 

Previously, we have shown that lactating women have a delayed normalization of the
postpartum DHA status (14). Therefore, breastfeeding could increase the maternal vulnera-
bility for postpartum depression. Hence, we also investigated whether postpartum
depression is more prevalent among lactating mothers. Although the odds ratio (OR=
2.10) of the multiple logistic regression analysis suggested that lactating women were pos-
sibly more predisposed, the association between maternal feeding practice and the
depressive symptoms did not reach statistical significance. Lactating mothers seem not to
be at higher risk than mothers bottle-feeding their infant are. This is consistent with the
finding recently reported by Josefsson et al that lactating women were not more
depressed than the non-lactating women (28). Thus, our present findings suggest that irre-
spective of their feeding practice, women showing depressive symptoms after parturition
apparently have a slower normalization of their DHA status. 
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Our finding points to a retarded improvement of the postpartum DHA status as a pos-
sible cause for postpartum depression. However, the reduction in the DHA status that
starts after the second trimester of pregnancy (13) might already be a trigger for such a
mood disorder. This hypothesis is supported by the results of a recent study, showing
that depressive symptoms were already present in the second trimester of pregnancy and
reached a peak at week 32 (29). 

CONCLUSION 
Although postpartum depression was measured retrospectively, our observations indicate
that a slower postpartum improvement in DHA status is possibly associated with a higher
risk to develop depressive symptoms. Further prospective observational studies with larg-
er sample sizes are required to confirm our findings, but ultimately intervention studies
are required to proof the causality of this association. In the mean time, it seems prudent
that women who have recently given birth increase their DHA intake. 
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INTRODUCTION
Pregnancy is associated with a decreasing long-chain polyunsaturated fatty acid (LCPUFA)
status, which concerns docosahexaenoic acid (22:6n-3, DHA) and arachidonic acid (20:4n-
6, AA) in particular (1-3). It has been suggested that this decreasing LCPUFA status may
have consequences for fetal development, as it has been shown that DHA and AA might
be essential for optimal brain functioning (4). One of the studies described in this thesis
were carried out to investigate whether it was possible to improve the maternal as well
as the fetal LCPUFA status by supplementation of pregnant women with the essential
fatty acids (EFAs) alpha-linolenic acid (18:3n-3, ALA) and linoleic acid (18:2n-6, LA), the
ultimate dietary precursors of DHA and AA, respectively. 

Since pregnancy is associated with a reduced LCPUFA status and LCPUFAs are essen-
tial for optimum brain function, the pregnancy associated LCPUFA reduction may have
functional implications for pregnant women, such as memory loss and other cognitive
deficits. Because objective assessments of cognitive performance during pregnancy are
scarce, neurocognitive functioning throughout pregnancy was studied from week 14
onwards through 32 weeks after delivery and the results were compared with perform-
ance of a non-pregnant but otherwise comparable population. After it was observed that
pregnancy is associated with neurocognitive deficits, we considered it of interest whether
ALA supplementation could influence brain functioning during pregnancy. In order to inves-
tigate this, performance on a neurocognitive test battery was compared between pregnant
women supplemented with ALA + LA (experimental group) or LA only (control group).

The current chapter evaluates the main results of the studies in this thesis in relation
to various methodological and statistical considerations, and gives some suggestions for
further research. 

E f fect of EFA supplementation on maternal and neonatal fatty acid status
Supplementation of pregnant women from week 14 of gestation until the end of pregnancy
with a margarine enriched with ALA and LA did not prevent the maternal DHA and AA
declines generally observed during pregnancy (1, 3). However, when compared with the LA
supplemented group, higher docosapentaenoic acid (22:5n-3, DPA) and eicosapentaenoic
acid (20:5n-3, EPA) levels were found in the ALA+LA group, indicating enhanced conver-
sion of ALA into these LCPUFAs. The fact that in the ALA+LA group no improvement in
DHA concentration is found suggests that the last step of the ALA conversion in which
DHA is formed, is the limiting factor. Possibly the ‘∆4-desaturase step’, which includes
elongation of DPA followed by ∆6-desaturation of the resulting fatty acid and one cycle of
peroxisomal β-oxidation, is working on its limits already. However, the lower Osbond acid
(22:5n-6, ObA) concentration in the ALA+LA group suggests that the f u n c t i o n a l DHA sta-
tus in this group is higher, since ObA is generally accepted as a shortage marker for DHA.
This indicates that ALA supplementation may have resulted in the formation of additional
DHA after all, which may have been transferred directly to certain ‘target tissues’, such as
the developing fetus. Small differences in the n-3 LCPUFA levels of some fetal domains
indeed suggest a slightly improved n-3 LCPUFA status, but this was not a general finding.
Moreover, indications were obtained that maternal ALA supplementation slightly lowered
the fetal n-6 LCPUFA status. Therefore, ALA supplementation during pregnancy did not
appear to be an effective way to improve the maternal and/or fetal LCPUFA status.

As the LCPUFA concentrations in the umbilical vein and arteries are a reflection of the
LCPUFA status of the fetal supply and return, respectively, the arterio-venous differences
may provide some qualitative estimates of the fetal LCPUFA consumption. As shown in
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Chapter 2, and in agreement with earlier findings by our group (2, 5, 6), the fetus particularly
consumes EFAs and LCPUFAs of both the n-6 and n-3 families, with the apparent exception
of DHA and ObA. ObA levels are often even h i g h e r in arteries than in veins (in Chapter 2
not statistically significant because of high variability in the control group). This indicates a
functional shortage of DHA in umbilical arteries as compared to the vein, although the arterio-
venous difference for DHA is very small and not at all significant. For this deviating arterio-
venous pattern for DHA and ObA is no explanation yet. It may indicate, though, that fetal
DHA synthesis is considerable.

Arterial values are significantly higher than venous values for n-7 and n-9, which is indicative
of a rather active de novo fatty acid synthesis and fatty acid desaturation in the fetus. Together
with the lower arterial values for most LCPUFAs, this pattern is characteristic for a lower
EFA/LCPUFA status of ‘downstream’ as compared to ‘upstream’ fetal tissue (2, 5, 6). 

As compared to the supplementation with the ALA-poor margarine, administration of ALA-
rich margarine did not result in significantly different arterio-venous gradients for any of the
fatty acids tested. Similar results have been published for supplementation with fish oil ( 7 ).

Many variables other than pregnancy may exert an influence on the maternal and neonatal
EFA status. Maternal plasma LCPUFA status during pregnancy, for example, is known to be
associated with parity ( 8 ) and smoking ( 9 ). Moreover, it is likely that pre-pregnancy plasma
EFA and/or LCPUFA concentrations affect EFA and/or LCPUFA levels later in pregnancy.
Since these variables can confound the possible effect of the margarines, they were included
in our statistical analyses. Another important confounder could have been the habitual
dietary fatty acid consumption. For this reason, subjects who consumed fish, which is a rich
source of DHA, more than two times a week, were excluded from participation. Additional
statistical analyses showed that taking into account dietary fatty acid consumption, as measured
by a food frequency questionnaire, did not change the main outcomes of our study. 

Negative side effects of our supplement were not reported, as is also indicated by the
number of dropouts, which was almost equal in the two groups. However, it is worth-
while to notice that the average duration of pregnancy in our study tended to be signifi-
cantly shorter, approximately 5 days, than that observed in the study of Otto et al ( 1 0 )

(p= 0.076) (see Chapter 7), although it was still within the normal range (39.7 weeks).
The lower gestational age in our population might be the result of the rather high n-6
fatty acid intake in our study compared to that of Otto et al (±22 versus ±13 g/day).
However, this explanation is not confirmed by the results of a LA supplementation study
in pregnant women, in which no effect of LA supplementation (10 g/day) on pregnancy
duration was found (11). Moreover, an additional analysis with our data set revealed no sig-
nificant correlations between maternal plasma LA or total n-6 fatty acid contents at delivery,
and duration of pregnancy. Therefore the slightly lower pregnancy duration in our study
is likely to be a chance finding. In Chapter 2, the significant difference in birth weights
between the control and the experimental groups was explained by differences in mater-
nal prepregnancy weight, smoking, height of the father, and gestational age. Interestingly,
gestational age tended to be significantly longer (p= 0.091) in the experimental group,
which received ALA+LA.  This suggests a potential role for ALA in prolonging the dura-
tion of pregnancy, as the experimental group had a higher ALA intake than the control
group (4.2±1.2 g/day and 1.0±0.6 g/day, respectively), whereas LA intakes were almost
comparable (21.0±6.1 g/day versus 22.5±8.0 g/day). A comparable effect on pregnancy
duration has been suggested for the n-3 LCPUFAs by Olsen and colleagues (12, 13). Thus, the
potential effects of maternal LA and ALA intakes during pregnancy on pregnancy duration
certainly need further study.
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Pregnancy and brain functioning
As shown in Chapter 3, women in early pregnancy had a lower performance on memory
tasks compared to non-pregnant women, whereas no performance differences were
observed for tasks measuring speed of information processing. A comparable pattern was
found during later pregnancy (Chapter 4). In the postpartum period different results were
observed. Thirty-two weeks after delivery, the new mothers scored lower on the memo-
ry tasks compared to the women in the control group. In addition, speed of information
processing seemed to be negatively affected by early motherhood.

Although we showed that memory performance was lower in pregnant women com-
pared to non-pregnant women, several pregnancy-unrelated factors could be responsible
for this association. Among these, selection bias is an important possible confounder. 
This might have also been the reason why the differences in cognitive performance
observed between pregnant and non-pregnant women persisted during the entire study
period. To prevent this kind of problem, subjects should have been recruited before
pregnancy started. However this was impossible due to practical reasons. In an earlier
study (3) it appeared very difficult to recruit volunteers who are planning a pregnancy and,
consequently the time needed to include sufficient subjects for the required power would
most likely not fit the available time frame of two years. Secondly, the time interval
between the cognitive tests would vary too much between the subjects, because not all of
them would have become pregnant at the same time. Another option to check for the
possible selection bias would have been a long-term follow up of the subjects (for exam-
ple two years after delivery) to investigate whether cognitive performance would become
equal in both groups. Such a procedure would enable a comparison between the two
groups of women, not compromised by the possible effects of ‘early motherhood’. These
effects on cognitive functioning are potentially substantial and involve waking up at night
as well as physical and mental fatigue. However, it seems unlikely that our study suffers
from the weakness of ‘selected sampling’, since we had a relatively large study population
(60 pregnant versus 60 non-pregnant women). This makes it quite improbable that the
group of pregnant women is inferior in cognitive performance just by chance. Accordingly,
some aspects of cognition may change as result of pregnancy.

Brain functioning in the current study was measured with a standardized neurocogni-
tive test battery, which had already proven its effectiveness in studies investigating the
effects of mild neurocognitive impairments (14-16). With respect to the possible significance
of the decrement in cognitive performance found in the pregnant women, it is of rele-
vance to know that ongoing research in a large scale population study, the Maastricht
Aging Study (MAAS), has revealed that in a comparable age group a decline of 1 word in
the 15 Words Learning Task corresponds to about 10 years of ageing. Accordingly, the
differences between the groups found in the present study can be considered to be more
than of statistical importance. Furthermore, earlier research has shown that poorer per-
formance on a task measuring selective attention was significantly correlated with higher
accident rate in professional bus drivers (17). As we showed in Chapter 5 that selective
attention, as measured by the Finger Precuing Task, decreases with time of pregnancy
pregnant women should be careful with tasks requiring selective attention, such as car
driving, especially in the later stages of pregnancy.  

One of the restrictions of the use of a neurocognitive test battery is the risk on loss of
reliability through inter-observer differences. In order to minimize this effect the subjects
in our study were always tested by the same person. In addition, to prevent circadian
effects, we tested the subjects always at about the same time of the day.
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To investigate associations between pregnancy and either LCPUFA status or cognitive
performance, pregnant women were compared with nonpregnant women. However, it is
still unclear whether the LCPUFA status of plasma phospholipids or cognitive perform-
ance is affected by the menstrual cycle. With respect to cognitive performance during the
menstrual cycle, different studies have reported conflicting results (18-25). Thus, it remains
unclear whether the cognitive tests used in the current study and the fatty acid status are
influenced by the menstrual cycle. Further studies are needed to elucidate this.

EFA and brain functioning
From Chapter 6 it can be concluded that ALA+LA supplementation during pregnancy
does not result in different cognitive performance than LA supplementation does.
Support for the hypothesis that higher concentrations of EFAs and their LCPUFAs lead to
better cognitive performance derives from studies investigating associations between plas-
ma fatty acid concentrations and cognitive development in infants (26-44). In addition Heude
et al have shown that a high proportion of n-3 fatty acids in the erythrocyte membrane of
healthy elderly people (aged 63-74 y) is associated with a lower risk of cognitive decline
as measured by the Mini-Mental State Examination (45). These studies suggest that higher
DHA and possibly AA concentrations are associated with better cognitive development.
As it is known that the maternal DHA status decreases during pregnancy (1, 2), we hypothe-
sized that this might also affect maternal cognition. However, the results presented in
Chapter 6 did not indicate differences in cognitive performance upon ALA+LA supple-
mentation. This might be attributed to the fact that our supplement was not effective in
improving the DHA concentrations, which can be considered the most important fatty
acid for optimal brain functioning. 

Many variables, other than LCPUFAs, exert an influence on cognition. Cognitive per-
formance is known to be sensitive to education, psychosocial factors, genetic background,
and many other factors (46). Therefore, in the current study a design was used in which the
target group of pregnant women was compared to carefully matched subjects in the non-
pregnant group. For this last group, preferably family members or friends of the subjects
in the pregnant group were recruited. Age (30.6 versus 29.9 years) and education (4.4
versus 4.1, measured on an 8-point scale) were thus actively and successfully matched.

Another possible confounding factor is ‘mood’, since it is generally accepted that mood
affects cognitive performance (46). Therefore, an additional analysis was performed in order
to investigate whether mood may have affected cognitive performance in our study. It
was tested whether at week 32 postpartum the women who were ‘possibly depressed’,
as measured by the Edinburgh Postpartum Depression Scale (EPDS score ≥10), scored
lower on a battery of cognitive tests, each measuring different aspects of cognition, com-
pared to the women in the non-depressed group (EPDS score <10). No significant differ-
ences in cognitive performance were found between the two groups, indicating that in
this study depressed mood after delivery was not accompanied by a decrement in cogni-
tive performance on the tests used.

In an exploratory analysis to further study the potential relationship between LCPUFA
status and cognitive performance, we observed a negative association between plasma
DHA concentrations and performance on the finger-precuing task in our pregnant popu-
lation at week 14 of pregnancy and 32 weeks after delivery (Chapter 6). This indicates
that with increasing plasma DHA concentrations selective attention may decrease at those
m o m e n t s that a woman is in early pregnancy or after her pregnancy. This rather unexpect-
ed result gave rise to further investigations in our nonpregnant population. Unfortunately, we
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were only able to perform these additional analyses at the start of the study and 22 weeks
later, because we only had blood samples taken at these two moments. The additional analy-
sis revealed that the negative association between plasma DHA concentration and selective
attention was not confirmed in our nonpregnant population. Moreover, at the start of the
study, none of the fatty acids showed any correlation with the other tests measuring cog-
nitive performance when a significance level of 0.01 was used. This relatively low p-value
was considered necessary because of multiple testing. However, further analyses showed
that 22 weeks later, plasma DHA concentrations were negatively correlated with per-
formance on the Word Learning Task (r= -0.3407, p= 0.011). In addition, plasma EPA
concentrations showed negative correlations with performance on both subtasks of the
Concept Shifting Test (r= -0.3301, p= 0.014 and r= -0.3581, p= 0.007, respectively) and
on the Letter Digit Substitution Test (r= -0.4027, p= 0.002). These results suggest that, at
least after repeated testing, there may be negative associations between plasma n-3
LCPUFAs and cognitive performance, which are not pregnancy related. In contrast, other
investigators have shown positive correlations between n-3 LCPUFAs and cognitive func-
tioning. Thus, Heude et al (45) showed that a higher concentration of DHA, as well as EPA,
in erythrocyte membranes of healthy subjects aged 63-74 years, was associated with a
lower risk of cognitive decline, as measured by the Mini-Mental State Examination
(MMSE). In the Rotterdam Study (47) consumption of fish, which is a rich source of DHA
and EPA, was inversely related to incident dementia and Alzheimer’s Disease in particular.
Thus, these two studies show positive associations between higher n-3 LCPUFA concen-
trations and cognitive performance in contrast to our findings. The inconsistency of these
and our observational results demonstrate that further studies into the role of fatty acids
in cognitive functioning are necessary before clear conclusions can be drawn. 

Breast milk is a rich source of DHA, and lactation is associated with a decreased
maternal DHA status (10). If DHA plays a role in cognitive functioning, than this might sug-
gest that women breastfeeding their children will score lower on tests measuring cogni-
tive performance than women bottle-feeding their infants. A further evaluation of our
data did not confirm this. Performance on 8 cognitive tests (as described in Chapter 6)
was determined in a group of 33 women breastfeeding their children and 20 women bot-
tle-feeding their babies. Differences in cognitive performance between the two groups
were determined by ANOVA after correction for educational level and group (control or
experimental group). Only 1 test, measuring learning capacity (15-Words Learning Task)
revealed statistically significant results (p= 0.028), with the breastfeeding group perform-
ing better than the bottle-feeding group. However, after correction for multiple testing,
this value was not statistically significant.

Fatty acids and postpartum depression
In this study, information about depressed mood after delivery was collected retrospec-
tively. At 32 weeks after delivery, the women were asked to fill in the Edinburgh
Postpartum Depression Scale (EPDS). In general, the internal validity of data collected ret-
rospectively is lower than data collected prospectively (48). Reasons for this are the often
nonspecific measurement of past proceedings, and the absence of a proper measurement
of covariables. Nevertheless, this does not seem to be the case for our study, because the
prevalence of postpartum depression measured in the current study (21%) (Chapter 7) is
identical to the percentages found in the Netherlands in general (20%) (49).

Although our results show that the slower postpartum normalization of the functional
DHA status, expressed as the DHA/ObA ratio, was related to the higher occurrence of
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depressive symptoms, the results also demonstrated that breast feeding, which leads to
decreased maternal DHA levels, was not associated with increased risk for these depres-
sive symptoms. This suggests that depressed mood after delivery is not a reason to stop
breastfeeding. 

Concluding remarks
The current study has shown that EFA supplementation during pregnancy hardly affects
the maternal LCPUFA status. Therefore, if an increased LCPUFA status is considered rel-
evant, DHA and AA intakes should be promoted. However, it should be recalled that
some negative associations have been observed between DHA concentrations and cogni-
tive performance, not only during pregnancy, but in nonpregnant women as well. This dis-
turbing finding requires further study, before an altered LCPUFA intake during pregnancy
can be advocated. However, one important notion, which needs to be brought under
attention again, is the proven benefit of a higher maternal LCPUFA status upon the
neonatal LCPUFA status and on neonatal development (26, 43). Therefore, it still seems ben-
eficial to improve the maternal LCPUFA status.

In conclusion, it can be said that maternal supplementation during pregnancy with the
EFAs ALA and LA does not prevent the pregnancy-associated LCPUFA decline and hardly
increases the neonatal LCPUFA status. In addition, the current study is the first, which
investigates cognitive performance during pregnancy and after delivery over such a long
period. Hence this study reveals useful information with respect to cognition during preg-
nancy and the possible potential role of LCPUFAs in this. As the period of pregnancy is
very important for future development of the fetus in both childhood, as well as adult-
hood (50), and in this way affects future generations, it seems worthwhile to further investi-
gate the potential role of LCPUFAs in cognitive functioning.
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ABBREVIATIONS
Fatty acid nomenclature and list of units and abbreviations
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ABBREVIATIONS

16:0 palmitic acid
16:1n-7 palmitoleic acid
18:0 stearic acid
18:1n-9 oleic acid
18:2n-6 linoleic acid
18:3n-3 α-linolenic acid
18:3n-6 γ-linolenic acid
18:4n-3 stearidonic acid
20:3n-6 dihomo-γ-linolenic acid
20:3n-9 Mead acid or eicosatrienoic acid
20:4n-3 eicosatetraenoic acid
20:4n-6 arachidonic acid
20:5n-3 eicosapentaenoic acid or timnodonic acid
22:3n-9 dihomo-Mead acid
22:4n-6 adrenic acid or docosatetraenoic acid
22:5n-3 docosapentaenoic acid or clupanodonic acid
22:5n-6 Osbond acid or docosapentaenoic acid
22:6n-3 docosahexaenoic acid or cervonic acid

AA arachidonic acid
ADHD attention-deficit/hyperactivity disorder
AdrA adrenic acid
ALA α-linolenic acid
ANOVA analysis of variance
BF breastfeeding
C control group
cm centimeter
CST concept shifting test
df degrees of freedom
DGLA dihomo-γ-linolenic acid
DHA docosahexaenoic acid
DHADI docosahexaenoic acid deficiency index
DHASI docosahexaenoic acid sufficiency index
DPA n-3 docosapentaenoic acid
E experimental group
EFA essential fatty acid
EPA eicosapentaenoic acid
EPDS Edinburgh postnatal depression scale
FFQ food frequency questionnaire
g gram
GA gestational age
GLM general linear model
kg kilogram
l liter
LA linoleic acid
LCP long-chain polyene
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LCPUFA long-chain polyunsaturated fatty acid
LDST letter digit substitution test
mg milligram
min minute
ml milliliter
mm millimeter
MUFA monounsaturated fatty acid
n number of subjects
n.d. not detected
n.s. not statistically significant
ObA Osbond acid
OR odds ratio
p probability value
PB preparation benefit
PUFA polyunsaturated fatty acid
r correlation coefficient
RT reaction time
SAFA saturated fatty acids
SD standard deviation
se standard error
Str stroop test
wk week
WLTtot words learning test total
WLTdr words learning test delayed recall
yr year

Abbreviations
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SUMMARY
Essential fatty acids (EFAs) and their longer-chain more-unsaturated derivatives, the
LCPUFAs, are important for human development and health. This is especially true for
the LCPUFAs docosahexaenoic acid (22:6n-3, DHA) and arachidonic acid (20:4n-6, AA),
which are the predominant LCPUFAs in brain tissue. Previous studies have revealed a
decrease of the biochemical EFA status during pregnancy, which could possibly have con-
sequences for the cognitive development of the neonate. In addition, it has been shown
that different neuropsychiatric disorders are associated with decreased plasma DHA con-
centrations. Since anecdotal evidence suggests that pregnant women are suffering from
memory loss and concentration problems, we proposed that there could be an associa-
tion with the decreasing DHA level during pregnancy.

In order to investigate a possible association between EFAs, cognition, and pregnancy,
a group of 60 pregnant women was followed from week 14 of gestation until 32 weeks
after delivery. Half of this group consumed a margarine enriched with the EFAs alpha-
linolenic acid (ALA, 18:3n-3) and linoleic acid (LA, 18:2n-6), the precursor fatty acids of
DHA and AA, respectively, whereas the other half of the group received a margarine
enriched with LA only. Moreover, a group of 60 nonpregnant women, matched for age
and education, was followed for a comparable time span. From both pregnant groups as
well as from the non-pregnant group performances on a battery of neurocognitive tasks
were recorded repeatedly and medical and demographic variables were collected. In addi-
tion, blood samples were drawn for fatty acid analyses. More information concerning the
background and the purpose of this study are given in Chapter 1.

Previous studies have shown that the maternal EFA concentrations might become sub-
optimal during pregnancy, while these fatty acids, and DHA especially, are very important
for development of the fetus. In addition, it has been demonstrated that increment of the
DHA status by fish oil supplementation results in a decrement of the AA status. Since
hardly anything is known about the structural role of this fatty acid in the central nervous
system, it seems prudent to prevent such a decrease. Therefore, in Chapter 2 an experi-
mental study is described in which it was tried to stabilize the maternal LCPUFA status -
and thereby improve that of their neonates- by means of supplementation during preg-
nancy with the precursor fatty acids ALA and LA. Intake of the experimental margarine
(enriched with ALA and LA) resulted in higher maternal plasma concentrations of ALA,
eicosapentaenoic acid (20:5n-3, EPA), and docosapentaenoic acid (22:5n-3, DPA), and
lower maternal plasma concentrations of adrenic acid (22:4n-6, AdrA), and Osbond acid
(22:5n-6, ObA) compared to the pregnant women in the control group (LA only).
However, the well known pregnancy-associated decreases of relative DHA and AA con-
centrations in maternal plasma phospholipids were not prevented by intake of the
ALA+LA supplement. The lower ObA concentration in the experimental group nonethe-
less suggests that the functional DHA status might have been somewhat increased. This
could imply that any additional DHA that may have been produced from the supplement-
ed ALA was directly transferred to certain (fetal?) target tissues. With respect to the
neonatal fatty acid concentrations it was found that maternal ALA+LA supplementation
hardly increased the neonatal DHA status and did not prevent the reduction of AA. No
significant differences between the two groups were found regarding the neonatal out-
come parameters.

Because pregnancy is characterized by a decreased DHA and AA status and because
these fatty acids could be important for optimal brain functioning, a possible association
between pregnancy and cognitive functioning was investigated as described in Chapter 3.
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Performances on a neurocognitive test battery of women during early pregnancy were
compared to performances of nonpregnant women on this battery. Women during week
14 of pregnancy performed worse on cognitive tasks compared to nonpregnant women.
This was especially the case for those tasks measuring aspects of memory, whereas per-
formance on tasks, measuring speed of information processing, was not different between
the two groups. These results suggest that various memory functions are affected differ-
ently by early pregnancy. However, because the study had a cross-sectional design it is
not allowed to interpret the findings in terms of causality.

The difference in the course of cognitive functioning between pregnant and nonpreg-
nant women is highlighted in Chapter 4. Cognitive performance of the two groups was
compared at different moments in time during pregnancy as well as after delivery (or at
comparable moments in time for the nonpregnant group). The reduced memory per-
formances of the pregnant women in week 14 of gestation, as has been seen before in
Chapter 3, persisted during pregnancy. In addition, some aspects of memory were still
worse 32 weeks after delivery in the pregnant compared to the nonpregnant group.
However, because of the cross-sectional design of the study it is still possible that this
finding is the consequence of selection bias. Therefore, a longitudinal follow-up study,
starting in advance of conception is necessary in order to investigate the causality of the
association. The period of ‘early motherhood’ (32 weeks postpartum) appeared to be
characterized by a decreased performance on tasks measuring speed of information pro-
cessing, while these cognitive functions were not reduced during pregnancy as compared
to the non-pregnant control group. Consequently, here a causal relationship might be true.

Chapter 5 focuses on selective attention, as measured by the ‘finger precuing task’
during and after pregnancy. By means of this finger precuing task performance differences
between pregnant and non-pregnant women at weeks 14, 17, 29, and 36 of gestation as
well as 32 weeks after delivery were studied. The results of this study show that selective
attention decreases during the course of pregnancy and that the difference between preg-
nant and non-pregnant women is largest at week 36 of pregnancy. Interestingly, 32 weeks
after delivery the difference between the groups were comparable to the situation during
early pregnancy and no longer statistically significant. These results indicate that selective
attention decreases during the course of pregnancy, but normalizes after delivery.

Since it has been shown in the previous chapters that pregnancy can be associated with
differences in cognitive functioning, cognitive performance was also compared between
the two groups of the supplementation study as described in Chapter 2. However, cogni-
tive functioning of pregnant women in the experimental group (ALA+LA) was not signifi-
cantly different from that of pregnant women in the control group (LA). This indicates
that ALA supplementation during pregnancy has no significant effect on neurocognitive
functioning during pregnancy and 32 weeks after delivery (Chapter 6). This could be
ascribed to the fact that ALA+LA supplementation was not able to increase the plasma
DHA concentrations. (See Chapter 2). To further explore the possible relationship
between DHA status and cognition, partial correlation coefficients were calculated
between plasma DHA concentrations and the performance on the various cognitive tests.
It appeared that higher plasma DHA concentrations were associated with decreased per-
formance on the finger precuing task in week 14 of gestation and 32 weeks postpartum.
These last results suggest a negative, rather than a positive association between DHA and
certain aspects of cognitive functioning. In Chapter 8 (general discussion) this is further
discussed.

Recent literature points out the possible importance of DHA in preventing postpartum
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depression. Therefore, as described in Chapter 7, we investigated the association
between the DHA status of women and the presence of depressive symptoms after deliv-
ery. The Edinburgh Postnatal Depression Scale (EPDS) was used 32 weeks after delivery
to evaluate retrospectively the possible presence of depressive symptoms. The DHA sta-
tus itself did not correlate with the presence of depressive symptoms. However, a rapid
postpartum recovery of the DHA availability was associated with a reduced risk on post-
partum depressive symptoms, whilst a relatively slow postpartum increase was associated
with a 10 percent higher chance on development of postpartum depressive complaints. 

Finally, in Chapter 8 the findings of the above-mentioned studies are discussed and
further evaluated with additional analyses. Since ALA+LA supplementation during preg-
nancy could not avoid the usual decreasing DHA and AA concentrations in this period, it
is proposed that supplementation during pregnancy with DHA and AA might lead to
more promising results. However, additional analyses as described for pregnant women in
Chapter 6, showed that also in a group of nonpregnant women some negative associa-
tions exist between plasma n-3 LCPUFA concentrations and cognitive performance. Since
this is in contrast to findings by others, further studies are necessary before clear conclu-
sions can be drawn about the possible role of fatty acids in cognitive functioning.
Therefore, future studies in which subjects will be supplemented with DHA and AA need
to be conducted with care.
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Vetzuren, zwangerschap en cognitie
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SAMENVATTING
Essentiële vetzuren en hun langere-keten, hoger-onverzadigde derivaten, de LCPUFA’s,
zijn belangrijk voor de ontwikkeling en de gezondheid van de mens. Dit geldt met name
voor de LCPUFA’s docosahexaeenzuur (22:6n-3, DHA) en arachidonzuur (20:4n-6, AA),
die in hoge concentraties in het hersenweefsel voorkomen. Eerdere studies hebben
aangetoond dat de biochemisch gemeten essentiële vetzuurstatus van vrouwen daalt tij-
dens de zwangerschap en dat dit consequenties kan hebben voor de cognitieve ontwikkel-
ing van het kind. Daarnaast is aangetoond dat bepaalde neuropsychologische functiestoor-
nissen gepaard kunnen gaan met een verlaagde plasma DHA concentratie. Daar regelmatig
gerapporteerd wordt dat zwangeren last kunnen hebben van geheugenverlies en concen-
tratiestoornissen hebben wij geopperd dat dergelijke cognitieve problemen mogelijk ver-
band houden met de dalende DHA status tijdens de zwangerschap. 

Om het verband tussen essentiële vetzuren, cognitie en zwangerschap te onderzoeken
werd een groep van 60 zwangere vrouwen gevolgd vanaf week 14 van hun zwangerschap
tot en met 32 weken na de bevalling. De helft van deze groep consumeerde iedere dag een
margarine die verrijkt was met de twee essentiële vetzuren alfa-linoleenzuur (18:3n-3, ALA)
en linolzuur (18:2n-6, LA). Dit zijn  de voorlopervetzuren van respectievelijk DHA en AA.
De andere helft van de groep kreeg een margarine die alleen extra LA bevatte. Daarnaast
werd een groep van 60 niet-zwangere vrouwen, die was gematched op leeftijd en opleid-
ing, gedurende een vergelijkbare tijdspanne gevolgd. Van zowel de zwangere als de niet-
zwangere vrouwen werden diverse gegevens verzameld, zoals prestatie op diverse neu-
rocognitieve tests, maar ook informatie met betrekking tot medische en demografische
gegevens. Daarnaast werden bloedmonsters verzameld voor vetzuuranalyse.
Meer informatie over de achtergrond van en de aanleiding tot dit onderzoek is gegeven in
Hoofdstuk 1. 

Uit eerdere studies is bekend geworden dat de LCPUFA status van de moeder gedurende
de zwangerschap mogelijkerwijs suboptimaal wordt, terwijl deze vetzuren zeer belangrijk zijn
voor de ontwikkeling van haar kind. Dit geldt met name voor DHA. Verhoging van de DHA
status door suppletie met visolie heeft echter een daling van de AA status tot gevolg.
Aangezien over de structurele functie van dit vetzuur in het centrale zenuwstelsel nauwelijks
iets bekend is, lijkt het verstandig een dergelijke daling te voorkomen. Daarom is in
Hoofdstuk 2 een experimenteel onderzoek beschreven, waarin gepoogd werd de LCPUFA
status van zwangeren te stabiliseren –en daarmee die van hun babies te verhogen- door mid-
del van suppletie tijdens de zwangerschap met de voorlopervetzuren ALA en LA.
Consumptie van de experimentele margarine (verrijkt met ALA en LA) leidde tot hogere
maternale plasma concentraties van ALA, eicosapentaeenzuur (20:5n-3, EPA) en docosapen-
taeenzuur (22:5n-3, DPA) en lagere maternale plasma concentraties van adrinezuur (22:4n-6,
AdrA) en Osbondzuur (22:5n-6, ObA) vergeleken met de zwangere vrouwen in de controle
groep (alleen extra LA). De gewoonlijk waargenomen reductie in plasma DHA en AA con-
centraties van de moeder tijdens zwangerschap kon echter niet worden voorkomen door
consumptie van het ALA+LA supplement, hoewel de lagere ObA concentratie in de experi-
mentele groep aangaf dat de f u n c t i o n e l e DHA status mogelijkerwijs iets was gestegen. Dit sug-
gereert dat  additioneel gevormd DHA uit het gesuppleerde ALA onmiddellijk naar bepaalde
(foetale?) doelweefsels is getransporteerd. Wat betreft de neonatale vetzuurconcentraties
werd gevonden dat maternale suppletie met ALA+LA nauwelijks de neonatale DHA status
verbeterde en de reductie in AA niet kon voorkomen. Geen significante verschillen werden
gevonden in de zwangerschapsuitkomst tussen de twee groepen.
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Omdat zwangerschap gepaard gaat met een afnemende DHA en AA status en deze vet-
zuren van belang worden geacht voor een optimale hersenfunctie is een onderzoek naar
de mogelijke associatie tussen zwangerschap en cognitie beschreven in Hoofdstuk 3.
Prestatie op een neurocognitieve testbatterij van vrouwen tijdens week 14 van hun
zwangerschap werd vergeleken met de prestatie van niet-zwangere vrouwen. Vrouwen in
de vroege zwangerschap (week 14) bleken slechter op cognitieve tests te presteren dan
niet-zwangere vrouwen. Dit was met name het geval voor de cognitieve tests die diverse
aspecten van het geheugen in kaart brachten, terwijl tests, die snelheid van informatiever-
werking objectiveerden, geen verschillen tussen de twee groepen lieten zien. Gesuggereerd
werd dat diverse geheugenfuncties kunnen zijn aangedaan door de vroege zwangerschap.
Aangezien er sprake was van een cross-sectionele proefopzet, dient deze suggestie echter
met voorzichtigheid te worden gehanteerd.

Het verschil in cognitief functioneren tussen zwangeren en niet-zwangeren tijdens het
verdere verloop van de zwangerschap en na de bevalling is verder belicht in Hoofdstuk 4.
Cognitieve prestaties van de twee groepen werden vergeleken op diverse tijdstippen,
zowel tijdens de zwangerschap als ook daarna (of op vergelijkbare tijdstippen voor de
niet-zwangere groep). De verminderde geheugenprestaties van de zwangeren in week 14,
zoals eerder gezien in hoofdstuk 3, zetten zich voort tijdens de verdere zwangerschap, en
enkele aspecten daarvan waren ook 32 weken na de bevalling nog slechter vergeleken
met die van de groep niet-zwangere vrouwen. Door de cross-sectionele aard van de
studie blijft het echter mogelijk dat dit het gevolg is van selectie-bias. Daarom is longitudi-
naal vervolgonderzoek, beginnend voor de conceptie, nodig om de causaliteit van de
relatie nader te bestuderen. De periode van ‘vroege moederschap’ (32 weken postpar-
tum) werd gekenmerkt door verminderde prestaties op taken die snelheid van infor-
matieverwerking betroffen, terwijl deze cognitieve functies juist niet verminderd waren
tijdens de zwangerschap. Hier is dus mogelijk wél sprake van een causaal verband.

In Hoofdstuk 5 is ingegaan op het functioneren van selectieve aandacht tijdens en na
de zwangerschap zoals gemeten met de ‘finger precuing task’. Met behulp van deze test
werden prestatieverschillen tussen zwangeren en niet-zwangeren op week 14, 17, 29 en
36 alsmede 32 weken na de bevalling in kaart gebracht. De resultaten van dit onderzoek
tonen aan dat selectieve aandacht daalt tijdens het vorderen van de zwangerschap en dat
het verschil tussen zwangeren en niet-zwangeren het grootst is op week 36 van de
zwangerschap. Echter, 32 weken na de bevalling was geen statistisch significant verschil
meer aanwezig tussen de twee groepen. Dit betekent dat selectieve aandacht daalt met
het vorderen van de zwangerschap, maar dat deze situatie 32 weken na de bevalling
genormaliseerd is.

Nu in de voorafgaande hoofdstukken aangetoond was dat zwangerschap gepaard kan
gaan met verschillen in cognitief functioneren, werden de cognitieve prestaties in de twee
groepen van de suppletiestudie, zoals beschreven in Hoofdstuk 2, met elkaar vergeleken.
Daarbij werd geen significant verschil geconstateerd tussen zwangere vrouwen in de
experimentele groep (ALA+LA) en die in de controle groep (LA). ALA suppletie tijdens
zwangerschap bleek dus geen significant effect te hebben op het cognitief functioneren 
tijdens en 32 weken na de zwangerschap (Hoofdstuk 6). Dit zou kunnen worden
toegeschreven aan het feit dat het ALA+LA supplement niet in staat was de DHA status
wezenlijk te verhogen (zie ook hoofdstuk 2). Daarom werd de mogelijke relatie tussen de
DHA status en cognitief functioneren verder exploratief onderzocht door het berekenen
van partiële correlatiecoëfficienten tussen de plasma DHA concentraties en de prestatie
op de diverse cognitieve tests. Hieruit bleek dat een hogere plasma DHA concentratie
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gepaard ging met verminderde prestatie op de “finger precuing task” in week 14 van de
zwangerschap en 32 weken na de bevalling. Deze laatste resultaten suggereren eerder
een negatief, dan een positief verband tussen de DHA status en bepaalde aspecten van
het cognitief functioneren. In de algemene discussie (hoofdstuk 8) wordt hierop verder
ingegaan.

Recente literatuur wijst op het mogelijke belang van DHA voor het voorkomen van
postpartum depressie. Daarom hebben wij, zoals in Hoofdstuk 7 staat beschreven, de
relatie tussen de DHA status van vrouwen en de aanwezigheid van depressieve symp-
tomen na de bevalling onderzocht. De Edinburgh Postnatal Depression Scale (EPDS) werd
32 weken na de bevalling afgenomen om retrospectief de aanwezigheid van deze symp-
tomen te meten. De DHA status op zich correleerde niet significant met de aanwezigheid
van depressieve symptomen. Echter een sneller herstel van de DHA beschikbaarheid na
de bevalling ging samen met een kleiner risico op symptomen van postpartum depressie,
terwijl een relatief langzame postpartum stijging gepaard ging met een 10% verhoogde
kans op de ontwikkeling van depressieve klachten na de bevalling.

Tenslotte worden in Hoofdstuk 8 de bevindingen van bovengenoemde studies bedis-
cussieerd en met behulp van additionele analyses geëvalueerd. Omdat door ALA+LA sup-
pletie tijdens de zwangerschap de dalende DHA en AA concentraties tijdens de zwanger-
schap niet voorkomen konden worden werd gesuggereerd dat suppletie met DHA+AA
tijdens de zwangerschap tot een beter resultaat zou kunnen leiden.  Additionele analyses
zoals in Hoofdstuk 6 bij zwangeren werden uitgevoerd lieten echter zien dat ook binnen
een groep niet-zwangere vrouwen eveneens negatieve associaties bestaan tussen plasma
n-3 LCPUFA concentraties en cognitieve prestaties, dit in tegenstelling tot andere studies.
Deze inconsistentie toont aan dat verdere studies noodzakelijk zijn alvorens een een-
duidige conclusie getrokken kan worden over de mogelijke rol van vetzuren in cognitief
functioneren. Een vervolgstudie waarin gesuppleerd wordt met DHA+AA dient dan ook
met de nodige voorzichtigheid te worden uitgevoerd. 
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DANKWOORD
Het is er dan. Hét boekje. Meer een proeve van doorzettingsvermogen. Ik realiseer me
dat het een open deur is,  maar een cliché is er om bevestigd te worden: het tot stand
komen van een proefschrift is alleen mogelijk met de hulp van anderen.

De onderzoeken beschreven in dit proefschrift waren niet mogelijk geweest zonder de
enthousiaste deelname van alle proefpersonen. Ik dank jullie allen hartelijk voor de samen-
werking, maar ook voor de gezellige uurtjes die ik bij jullie doorgebracht heb en de bijzon-
dere momenten die ik met sommigen van jullie heb mogen beleven. Eerdergenoemde
proefpersonen had ik natuurlijk nooit kunnen vinden zonder de medewerking van vele ver-
loskundigen en gynaecologen uit de regio Maastricht, Heerlen en Sittard. Ik ben u allen
zeer erkentelijk.

Promotor, Prof. Dr. G. Hornstra, beste Gerard: jouw enthousiasme en wetenschap-
pelijke honger zijn niet in dit dankwoord tot uiting te brengen, maar eenieder die jou
kent, zal je in deze woorden herkennen. Je was als geen ander in staat om op die
momenten van het onderzoek waarop ik even dacht er iets van te snappen mij door die
ene vraag weer het tegendeel te doen laten geloven. Toch heb ik het idee dat er onder
jouw kritische blik iets moois tot stand gekomen is. Hartelijk dank daarvoor!

Tweede promotor, Prof. Dr. J. Jolles, beste Jelle: onze samenwerking heeft in de loop
van de tijd steeds duidelijker vorm gekregen, wat ik erg waardeer. Ik bewonder je geduld
en vertrouwen dat je steeds in me gesteld hebt en ik ben blij dat je me als AiO hebt
willen ‘adopteren’. Ik hoop dat we onze samenwerking nog lange tijd kunnen voortzetten.

Dr. J. J. Adam, beste Jos: het tempo waarin wij hebben samengewerkt was niet te fil-
men, artikelen kwamen nog nooit zo snel tot stand. Met jou samenwerken is een groot
plezier!

Zodra de dataverzameling van een onderzoek voltooid is, komt er ineens een hoop
werk om de hoek kijken. Beste Hasibe, hartelijk bedankt voor het analyseren van al die
bloedmonsters en navelstrengen en natuurlijk de fijne samenwerking en gezellige lunch-
pauzes. Anita, jou wil ik hartelijk danken voor de vele proefpersonen die je getest hebt en
de voedingsvragenlijsten die je bewerkt hebt. Enne, ondanks de tweeling, is het toch nog
goed gekomen met jouw geheugen, hé? Ik vind het tenminste heel erg fijn dat je naast me
wilt staan als paranimf en ik hoop dat je, indien dat nodig mocht zijn, me ter plekke met
raad en daad bij wilt staan, dan kunnen we dat geheugen van jou ook nog even testen......
Ook José Breedveld en Inge Verkooijen wil ik bedanken voor het inspringen bij de analy-
ses van de voedingsvragenlijsten. Lucy Meijer ben ik dankbaar voor het mee-testen van de
proefpersonen tijdens de drukste periode. Annemieke Lindl en Kitty Rotteveel wil ik 
eveneens bedanken. Jullie waren fijne stagiaires. 

Als alle data in de computer staan, wordt het tijd om een en ander statistisch te gaan
testen. Het meeste in deze periode, en misschien wel het meeste van deze hele AiO-tijd,
heb ik geleerd van Arnold Kester. Beste Arnold, dank voor je statistische ondersteuning
en ik weet nu dat op het moment dat je statistiek snapt, het ook nog leuk kan zijn! 

Nico Rozendaal, Eric Vuurman, Martin van Boxtel en Peter Houx (†) wil ik bedanken voor
het mij wegwijs maken in de wereld van de neuropsychologie. Hartelijk bedankt voor jullie
kritische blik op mijn resultaten en de vaak leerzame discussies. Hopelijk volgen er nog vele.
Prof. Dr. R. Mensink ben ik erkentelijk voor het stellen van de moeilijkste vragen en het feit
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dat hij tijdelijk mijn begeleiding heeft overgenomen. Ronald, bedankt dat ik altijd zomaar bij je
binnen mocht komen lopen!

Naast bovenstaande collega’s zijn er nog vele anderen die mij menig aangenaam uurtje
zowel binnen als buiten de universiteit, bezorgd hebben. Bedankt Andrea, Antoine,
Berber, Claudia, Egbert, Esther, Freek, Joan, Johan, Joris, Jos, Kaatje, Loek, Margriet,
Marieke, Mariëlle, Marion, Marleen, Mirjam, Suzanne, Tanja en Wendy voor de gezellige
tijd. Wat kan een luisterend oor toch fijn zijn! En nu maar hopen dat nog vele feestjes
zullen volgen.........

Sommige collega’s hebben toch een streepje voor op de rest. Twee personen die met
stip bovenaan staan zijn Suzie en Esther. Suzie, het was erg prettig om met jou samen op
een kamer te zitten. Wat heb ik als beginnelingetje van jou als ‘oude rot in het vak’ veel
geleerd. Je was altijd even behulpzaam en eigenlijk ben je dat nog steeds! Het was erg leuk
met jou samen een artikel te schrijven. Jammer dat er maar twee paranimfen mogen zijn! 

Beste Esther, eigenlijk zitten we al lange tijd samen in hetzelfde schuitje, of beter
gezegd mijn schuitje vaart achter het jouwe aan. Eerst beiden gezondheidswetenschappen
gestudeerd, beiden een AiO-baan op hetzelfde gebied en ook nog allebei aan een echte
Limburger blijven plakken in het Limburgse land (Zullen we dan toch echt aan wafels in
plaats van aan oliebollen moeten gaan geloven op Oudjaarsavond?). We hebben altijd een
hoop te be’kletsen’ op zowel wetenschappelijk als privé gebied. Ik vind het dan ook erg
leuk dat je me als paranimf wilt bijstaan en ik hoop dat jij en Harold ook ons Limburgs
onderkomen in de toekomst weten blijven te vinden.

Wanneer het einde van een promotie in zicht komt, moet er weer een hoop geregeld
worden. Ik ben John Derwall en Eric Lemmens dan ook erg dankbaar dat zij mij de layout
van dit boekje uit handen hebben genomen en er zo’n mooi eindresultaat van gemaakt
hebben. Beste John, ik ben erg blij hoe je mijn idee voor het kaftontwerp uiteindelijk op
papier hebt gekregen!

Elsa Misdom wil ik hartelijk bedanken voor de ondersteuning bij de laatste loodjes,
waaronder het taalkundig kritisch doorlezen van enkele stukken. 

Het belangrijkste leeswerk is echter toch voor de beoordelingscommissie. Ik ben Prof.
Dr. M. van den Hout, Prof. Dr. Ir. P. van den Brandt, Prof. Dr. J. Nijhuis, Prof. Dr. W. R i e d e l
en  Prof. Dr. G. van der Vusse dan ook zeer erkentelijk voor het kritisch bestuderen van
mijn manuscript.

Toch waren deze laatste loodjes een stuk zwaarder geworden indien ik niet de steun,
het begrip en de ijsjes van mijn ‘nieuwe’ collega’s had gehad. Astrid, Ellis, Dick, Freddy 
(Ga nu toch maar vis eten, ook voor vegetariërs is dit gezond!), Geert, Jeanette, Lisbeth,
Martine, Netty, Petra, Pauline, Ria, Willemien en Wim, bedankt!

Ondanks het feit dat bovenstaande opsomming misschien anders doet vermoeden,
bestaat er ook nog leven naast het werk. Lieve Anne, David, Mirjam, Stefan, Jacqueline,
Mark, Irene, René, Desiree, Erica en Sander hartelijk dank voor jullie steun en vriend-
schap de afgelopen jaren. Ik besef dat ik lang niet meer overal tijd voor had en sommige
afspraken en telefoontjes er wel eens bij in schoten, maar toch waren jullie er altijd voor
mij. Wat ben ik blij met zulke vrienden!!!!

Dear Barbara, once a friend always a friend, whatever the distance is!!! Thank you very
much for critically reviewing my manuscript and I hope to see you and Ian very soon again!

Dankwoord en Curruculum Vitae
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Lieve pa en ma, jullie lezen het goed, het boekje is af!!!! Zou het nu dan eindelijk
afgelopen zijn met mijn drukbezette leventje? Of zou het in de aard van het beestje zitten?
Heel erg bedankt voor jullie onvoorwaardelijke steun en vertrouwen, ook in tijden dat
het allemaal even niet zo makkelijk was. Mam, ik zal je geen slapeloze nachten meer
bezorgen!

Lieve Frank, we hebben het er vaak over gehad; wat zal ik in de laatste regeltjes van
mijn dankwoord zetten? Het is eigenlijk de gewoonte om die laatste plaats voor een heel
bijzonder iemand te reserveren. Maar weet je wat? Ik reserveer gewoon de rest van mijn
leven voor jou!!!
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Appendix 1. The relative fatty acid composition (% of total fatty acids) of maternal venous
plasma phospholipids during pregnancy and 32 weeks after delivery in the control (LA)
and experimental (ALA+LA) groups. Results are given as mean±sd.

week 14

control group experimental group
n=29 n=29

total 1533.27 ± 277.77 1530.25 ± 307.06
unknowns 1.13 ± 0.51 0.99 ± 0.18

12:0 0.02 ± 0.03 0.03 ± 0.05
14:0 0.43 ± 0.11 0.43 ± 0.14
15:0 0.19 ± 0.05 0.20 ± 0.05
16:0 28.06 ± 1.08 28.38 ± 1.26
17:0 0.38 ± 0.05 0.38 ± 0.05
18:0 11.48 ± 0.77 11.62 ± 0.78
20:0 0.53 ± 0.08 0.52 ± 0.10
21:0 0.08 ± 0.02 0.07 ± 0.01
22:0 1.57 ± 0.35 1.51 ± 0.38
23:0 0.62 ± 0.12 0.58 ± 0.11
24:0 1.16 ± 0.22 1.08 ± 0.20
SAFA 44.52 ± 1.09 44.80 ± 1.15

16:1n-7 0.45 ± 0.14 0.43 ± 0.15
18:1n-7 1.35 ± 0.21 1.33 ± 0.16
sum n-7 1.81 ± 0.30 1.76 ± 0.21

18:1-9 8.24 ± 1.29 7.82 ± 0.96
18:2n-9 0.07 ± 0.04 0.06 ± 0.03
20:1n-9 0.16 ± 0.05 0.16 ± 0.04
20:3n-9 0.07 ± 0.03 0.06 ± 0.02
22:1n-9 0.14 ± 0.15 0.14 ± 0.13
24:1n-9 2.21 ± 0.48 2.08 ± 0.56
sum n-9 10.90 ± 1.21 10.33 ± 1.13

18:2n-6 21.08 ± 2.15 21.39 ± 2.88
18:3n-6 0.05 ± 0.02 0.05 ± 0.02
20:2n-6 0.40 ± 0.11 0.40 ± 0.09
20:3n-6 3.51 ± 0.62 3.54 ± 0.72
20:4n-6 9.71 ± 1.73 9.56 ± 1.70
22:2n-6 0.04 ± 0.05 0.04 ± 0.04
22:4n-6 0.38 ± 0.09 0.34 ± 0.07
22:5n-6 0.36 ± 0.16 0.30 ± 0.08
24:2n-6 0.26 ± 0.07 0.25 ± 0.09
sum n-6 35.79 ± 1.89 35.88 ± 2.17
LCP n-6 13.95 ± 1.85 13.75 ± 1.89

18:3n-3 0.22 ± 0.08 0.22 ± 0.08
18:4n-3 0.14 ± 0.04 0.13 ± 0.05
20:5n-3 0.52 ± 0.58 0.52 ± 0.31
22:5n-3 0.69 ± 0.23 0.70 ± 0.21
22:6n-3 3.97 ± 0.85 4.48 ± 1.01
sum n-3 5.54 ± 1.35 6.06 ± 1.42
LCPn-3 5.18 ± 1.36 5.70 ± 1.39

16:1n-7tr 0.18 ± 0.06 0.18 ± 0.05
18:1tr 1.26 ± 0.52 0.99 ± 0.26
18:2n-6tr 0.07 ± 0.03 0.07 ± 0.02

EFAindex 3.30 ± 0.47 3.51 ± 0.44
PUFA 41.47 ± 1.38 42.06 ± 1.31
MUFA 12.56 ± 1.40 11.97 ± 1.23
DHADI 0.92 ± 0.24 0.88 ± 0.14
DHASI 13.67 ± 8.95 15.82 ± 5.53

week 26

control group experimental group
n=29 n=29

1848.65 ± 344.94 1869.94 ± 373.89
1.02 ± 0.62 0.92 ± 0.24

0.02 ± 0.04 0.02 ± 0.03
0.41 ± 0.11 0.43 ± 0.12
0.17 ± 0.04 0.18 ± 0.05

29.63 ± 1.21 29.89 ± 1.58
0.33 ± 0.05 0.34 ± 0.06

10.61 ± 0.70 10.83 ± 0.81
0.52 ± 0.08 0.53 ± 0.09
0.07 ± 0.02 0.07 ± 0.01
1.59 ± 0.49 1.71 ± 0.38
0.60 ± 0.10 0.61 ± 0.11
1.18 ± 0.18 1.14 ± 0.23

45.13 ± 0.98 45.75 ± 2.34

0.46 ± 0.16 0.43 ± 0.17
1.26 ± 0.19 1.19 ± 0.16
1.72 ± 0.26 1.62 ± 0.24

7.97 ± 1.07 7.80 ± 1.04
0.06 ± 0.03 0.05 ± 0.02
0.15 ± 0.04 0.14 ± 0.04
0.06 ± 0.03 0.05 ± 0.03
0.11 ± 0.12 0.10 ± 0.12
2.00 ± 0.40 1.95 ± 0.41

10.34 ± 1.13 10.10 ± 1.10

22.74 ± 2.18 23.00 ± 2.49
0.04 ± 0.02 0.04 ± 0.02
0.45 ± 0.12 0.43 ± 0.09
3.58 ± 0.65 3.38 ± 0.63
8.72 ± 1.26 8.06 ± 1.62
0.03 ± 0.04 0.03 ± 0.03
0.40 ± 0.10 0.31 ± 0.06
0.40 ± 0.16 0.28 ± 0.08
0.27 ± 0.07 0.26 ± 0.08

36.64 ± 1.69 35.79 ± 2.73
13.10 ± 1.53 12.03 ± 1.99

0.23 ± 0.07 0.43 ± 0.13
0.12 ± 0.05 0.11 ± 0.04
0.36 ± 0.28 0.51 ± 0.38
0.54 ± 0.16 0.64 ± 0.16
3.68 ± 0.90 3.89 ± 0.68
4.93 ± 1.20 5.58 ± 1.01
4.58 ± 1.18 5.04 ± 1.02

0.14 ± 0.05 0.15 ± 0.05
1.06 ± 0.39 0.96 ± 0.28
0.06 ± 0.03 0.07 ± 0.02

3.50 ± 0.51 3.58 ± 0.51
41.68 ± 1.54 41.47 ± 2.75
11.95 ± 1.28 11.62 ± 1.20
1.00 ± 0.28 0.92 ± 0.16

11.14 ± 6.23 14.98 ± 5.70
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week 36

control group experimental group
n=29 n=29

total 1985.17 ± 420.46 2014.67 ± 374.01
unknowns 0.88 ± 0.46 0.77 ± 0.14

12:0 0.02 ± 0.03 0.02 ± 0.03
14:0 0.41 ± 0.11 0.41 ± 0.12
15:0 0.16 ± 0.03 0.17 ± 0.04
16:0 30.66 ± 1.01 30.73 ± 1.00
17:0 0.30 ± 0.04 0.31 ± 0.05
18:0 10.39 ± 0.79 10.43 ± 0.71
20:0 0.51 ± 0.08 0.52 ± 0.09
21:0 0.06 ± 0.01 0.06 ± 0.01
22:0 1.61 ± 0.35 1.41 ± 0.38
23:0 0.55 ± 0.09 0.53 ± 0.11
24:0 1.03 ± 0.18 0.99 ± 0.21
SAFA 45.71 ± 1.21 45.58 ± 0.99

16:1n-7 0.58 ± 0.22 0.47 ± 0.15
18:1n-7 1.17 ± 0.16 1.14 ± 0.15
sum n-7 1.75 ± 0.24 1.61 ± 0.23

18:1-9 8.51 ± 1.20 8.23 ± 1.03
18:2n-9 0.06 ± 0.03 0.05 ± 0.03
20:1n-9 0.14 ± 0.04 0.13 ± 0.03
20:3n-9 0.07 ± 0.04 0.06 ± 0.03
22:1n-9 0.10 ± 0.11 0.10 ± 0.12
24:1n-9 1.88 ± 0.38 1.86 ± 0.41
sum n-9 10.76 ± 1.29 10.49 ± 1.12

18:2n-6 22.60 ± 2.61 23.52 ± 2.66
18:3n-6 0.05 ± 0.03 0.03 ± 0.02
20:2n-6 0.40 ± 0.07 0.40 ± 0.09
20:3n-6 3.55 ± 0.75 3.23 ± 0.61
20:4n-6 8.25 ± 1.22 7.80 ± 1.51
22:2n-6 0.03 ± 0.03 0.03 ± 0.04
22:4n-6 0.38 ± 0.08 0.29 ± 0.06
22:5n-6 0.44 ± 0.14 0.30 ± 0.11
24:2n-6 0.26 ± 0.06 0.24 ± 0.07
sum n-6 35.96 ± 2.03 35.85 ± 2.14
LCP n-6 12.61 ± 1.56 11.62 ± 2.00

18:3n-3 0.21 ± 0.06 0.39 ± 0.13
18:4n-3 0.12 ± 0.05 0.11 ± 0.05
20:5n-3 0.26 ± 0.11 0.39 ± 0.21
22:5n-3 0.50 ± 0.15 0.59 ± 0.16
22:6n-3 3.64 ± 0.92 3.95 ± 0.087
sum n-3 4.73 ± 1.09 5.42 ± 1.20
LCPn-3 4.40 ± 1.08 4.93 ± 1.16

16:1n-7tr 0.14 ± 0.04 0.15 ± 0.04
18:1tr 0.92 ± 0.27 0.84 ± 0.22
18:2n-6tr 0.07 ± 0.03 0.07 ± 0.03

EFAindex 3.32 ± 0.59 3.45 ± 0.43
PUFA 40.81 ± 1.98 41.38 ± 1.64
MUFA 12.38 ± 1.43 11.99 ± 1.18
DHADI 1.16 ± 0.27 1.02 ± 0.27
DHASI 9.80 ± 5.92 15.58 ± 9.27

Appendices

week 40

control group experimental group
n=29 n=29

1880.49 ± 400.47 2000.68 ± 377.33
0.79 ± 0.15 0.94 ± 0.45

0.02 ± 0.03 0.02 ± 0.03
0.37 ± 0.09 0.41 ± 0.11
0.15 ± 0.04 0.17 ± 0.04

31.18 ± 1.29 31.37 ± 1.07
0.30 ± 0.05 0.30 ± 0.04
9.92 ± 0.77 9.98 ± 0.56
0.51 ± 0.08 0.52 ± 0.08
0.06 ± 0.01 0.07 ± 0.02
1.67 ± 0.35 1.52 ± 0.39
0.54 ± 0.11 0.54 ± 0.12
1.01 ± 0.19 1.00 ± 0.23

45.72 ± 0.84 45.89 ± 0.96

0.59 ± 0.21 0.58 ± 0.20
1.25 ± 0.24 1.18 ± 0.19
1.84 ± 0.34 1.76 ± 0.32

8.56 ± 1.04 8.75 ± 1.06
0.06 ± 0.02 0.06 ± 0.04
0.14 ± 0.03 0.13 ± 0.03
0.08 ± 0.04 0.07 ± 0.03
0.09 ± 0.12 0.12 ± 0.12
1.90 ± 0.46 1.87 ± 0.40

10.82 ± 1.87 10.81 ± 1.18

21.96 ± 2.05 22.17 ± 2.67
0.04 ± 0.02 0.04 ± 0.02
0.39 ± 0.08 0.36 ± 0.10
3.69 ± 0.79 3.30 ± 0.64
8.73 ± 1.26 8.19 ± 1.36
0.02 ± 0.03 0.03 ± 0.03
0.38 ± 0.06 0.31 ± 0.07
0.47 ± 0.19 0.33 ± 0.11
0.26 ± 0.09 0.26 ± 0.07

35.94 ± 1.94 34.98 ± 2.19
13.26 ± 1.55 12.13 ± 1.86

0.20 ± 0.08 0.38 ± 0.14
0.12 ± 0.06 0.12 ± 0.05

0.225 ± 0.11 0.47 ± 0.25
0.51 ± 0.17 0.62 ± 0.19
3.46 ± 0.84 3.94 ± 0.96
4.54 ± 1.02 5.53 ± 1.34
4.23 ± 1.02 5.03 ± 1.31

0.14 ± 0.05 0.16 ± 0.05
0.93 ± 0.41 0.85 ± 0.30
0.07 ± 0.02 0.06 ± 0.03

3.25 ± 0.50 3.27 ± 0.45
40.62 ± 1.51 40.63 ± 1.67
12.53 ± 1.35 12.45 ± 1.33
1.20 ± 0.37 1.03 ± 0.21
9.40 ± 6.52 13.86 ± 7.56
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week 72

control group experimental group
n=29 n=29

total 1338.00 ± 239.31 1385.96 ± 254.02
unknowns 1.11 ± 0.33 1.18 ± 0.41

12:0 0.02 ± 0.04 0.03 ± 0.04
14:0 0.37 ± 0.10 0.39 ± 0.14
15:0 0.16 ± 0.03 0.17 ± 0.04
16:0 27.38 ± 1.63 26.95 ± 2.08
17:0 0.37 ± 0.04 0.36 ± 0.05
18:0 11.97 ± 1.56 12.77 ± 1.64
20:0 0.61 ± 0.06 0.57 ± 0.08
21:0 0.07 ± 0.01 0.07 ± 0.02
22:0 1.92 ± 0.36 1.81 ± 0.33
23:0 0.63 ± 0.15 0.63 ± 0.11
24:0 1.37 ± 0.29 1.32 ± 0.26
SAFA 44.88 ± 1.07 45.06 ± 1.11

16:1n-7 0.45 ± 0.14 0.44 ± 0.16
18:1n-7 1.41 ± 0.24 1.26 ± 0.22
sum n-7 1.85 ± 0.31 1.70 ± 0.30

18:1-9 8.14 ± 0.91 7.83 ± 1.40
18:2n-9 0.06 ± 0.03 0.06 ± 0.02
20:1n-9 0.16 ± 0.03 0.15 ± 0.08
20:3n-9 0.07 ± 0.03 0.07 ± 0.04
22:1n-9 0.13 ± 0.18 0.13 ± 0.14
24:1n-9 2.40 ± 0.44 2.17 ± 0.43
sum n-9 10.96 ± 0.95 10.14 ± 1.53

18:2n-6 21.80 ± 2.44 22.77 ± 3.15
18:3n-6 0.05 ± 0.02 0.07 ± 0.03
20:2n-6 0.34 ± 0.09 0.32 ± 0.06
20:3n-6 3.19 ± 0.56 3.29 ± 0.83
20:4n-6 10.03 ± 1.71 9.54 ± 1.93
22:2n-6 0.04 ± 0.05 0.03 ± 0.04
22:4n-6 0.32 ± 0.08 0.32 ± 0.10
22:5n-6 0.21 ± 0.09 0.21 ± 0.08
24:2n-6 0.25 ± 0.08 0.23 ± 0.06
sum n-6 36.24 ± 1.64 36.78 ± 2.08
LCP n-6 13.76 ± 2.00 13.36 ± 2.45

18:3n-3 0.15 ± 0.06 0.20 ± 0.07
18:4n-3 0.13 ± 0.05 0.12 ± 0.05
20:5n-3 0.54 ± 0.32 0.73 ± 0.44
22:5n-3 0.70 ± 0.27 0.80 ± 0.25
22:6n-3 3.10 ± 1.01 3.10 ± 0.80
sum n-3 4.63 ± 1.32 4.95 ± 1.17
LCPn-3 4.35 ± 1.31 4.63 ± 1.17

16:1n-7tr 0.16 ± 0.04 0.17 ± 0.05
18:1tr 1.22 ± 0.48 0.99 ± 0.39
18:2n-6tr 0.06 ± 0.02 0.06 ± 0.03

EFAindex 3.22 ± 0.35 3.53 ± 0.63
PUFA 41.00 ± 1.10 41.86 ± 2.15
MUFA 12.68 ± 1.14 11.98 ± 1.72
DHADI 0.64 ± 0.14 0.68 ± 0.25
DHASI 16.72 ± 7.46 17.38 ± 9.98
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Appendix 2. The relative fatty acid composition (% of total fatty acids) of phospholipids from neonatal venous
plasma at delivery in the control (LA) and experimental (ALA+LA) groups. Results are given as mean±sd.

Appendices

control group experimental group
n=29 n=29

total 652.64 ± 107.14 648.01± 130.63
unknowns 1.20 ± 0.29 1.49 ± 0.87

12:0 0.06 ± 0.12 0.06 ± 0.09
14:0 0.47 ± 0.18 0.49 ± 0.21
15:0 0.12 ± 0.03 0.13 ± 0.03
16:0 27.44 ± 1.28 27.31 ± 1.84
17:0 0.33 ± 0.07 0.38 ± 0.08
18:0 14.84 ± 1.05 14.97 ± 1.31
20:0 0.94 ± 0.14 0.98 ± 0.13
21:0 0.07 ± 0.03 0.07 ± 0.03
22:0 1.70 ± 0.30 1.82 ± 0.31
23:0 0.20 ± 0.10 0.22 ± 0.15
24:0 1.52 ± 0.33 1.62 ± 0.29
SAFA 47.67 ± 1.40 48.04 ± 2.15

16:1n-7 0.74 ± 0.24 0.68 ± 0.17
18:1n-7 2.38 ± 0.39 2.24 ± 0.29
sum n-7 3.12 ± 0.54 2.92 ± 0.35

18:1n-9 7.14 ± 2.00 7.40 ± 1.67
18:2n-9 0.05 ± 0.05 0.05 ± 0.03
20:1n-9 0.08 ± 0.03 0.08 ± 0.04
20:3n-9 0.31 ± 0.19 0.30 ± 0.20
22:1n-9 0.23 ± 0.37 0.33 ± 0.33
24:1n-9 2.30 ± 0.46 2.37 ± 0.43
sum n-9 10.11 ± 2.12 10.50 ± 1.96

18:2n-6 7.62 ± 1.24 8.01 ± 1.16
18:3n-6 0.07 ± 0.03 0.06 ± 0.03
20:2n-6 0.29 ± 0.05 0.29 ± 0.09
20:3n-6 4.81 ± 0.82 4.92 ± 0.79
20:4n-6 17.34 ± 1.35 16.05 ± 1.43
22:2n-6 0.08 ± 0.07 0.09 ± 0.08
22:4n-6 0.81 ± 0.19 0.75 ± 0.18
22:5n-6 0.71 ± 0.32 0.58 ± 0.23
24:2n-6 0.70 ± 0.20 0.71 ± 0.20
sum n-6 32.42 ± 1.91 31.46 ± 1.85
LCP n-6 23.67 ± 1.56 22.30 ± 1.64

18:3n-3 0.01 ± 0.02 0.03 ± 0.03
18:4n-3 0.10 ± 0.08 0.11 ± 0.08
20:5n-3 0.13 ± 0.10 0.26 ± 0.12
22:5n-3 0.41 ± 0.29 0.51 ± 0.21
22:6n-3 5.37 ± 1.39 5.65 ± 1.47
sum n-3 6.03 ± 1.69 6.56 ± 1.66
LCP n-3 5.91 ± 1.65 6.42 ± 1.65

16:1n-7tr 0.11 ± 0.20 0.08 ± 0.05
18:1tr 0.50 ± 0.37 0.45 ± 0.34
18:2n-6tr 0.03 ± 0.03 0.04 ± 0.07

EFA index 3.02 ± 0.65 2.92 ± 0.64
PUFA 38.81 ± 2.09 38.36 ± 2.54
MUFA 12.88 ± 2.29 13.08 ± 2.02
DHADI 0.88 ± 0.29 0.79 ± 0.31
DHASI 9.02 ± 4.43 11.28 ± 5.10
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Appendix 3. The relative fatty acid composition (% of total fatty acids) of phospholipids
isolated from umbilical arterial wall phospholipids in the control (LA) and experimental
(ALA+LA) groups. Results are given as mean±sd.

control group experimental group
n=28 n=28

mg/kg 0.036 ± 0.01 0.036 ± 0.01  
total 609.53 ± 176.46 623.87 ± 210.28
unknowns 8.44 ± 2.62 8.11 ± 2.27      

14:0 1.19 ± 0.19 1.15 ± 0.21
15:0 0.65 ± 0.10 0.67 ± 0.15  
16:0 25.08 ± 1.24 24.55 ± 1.46  
17:0 0.95 ± 0.11 0.97 ± 0.12  
18:0 13.43 ± 0.81 13.40 ± 0.62  
20:0 0.54 ± 0.06 0.53 ± 0.06  
21:0 0.03 ± 0.05 0.03 ± 0.03  
22:0 1.67 ± 0.27 1.66 ± 0.30  
23:0 0.15 ± 0.05 0.16 ± 0.08  
24:0 3.11 ± 0.41 3.09 ± 0.53  
SAFA 46.79 ± 1.84 46.20 ± 1.80     

16:1n-7 0.44 ± 0.06 0.46 ± 0.06  
18:1n-7 2.75 ± 0.27 2.74 ± 0.32  
sumn7 3.18 ± 0.27 3.20 ± 0.35  

18:1n-9 11.29 ± 1.79 11.29 ± 1.67  
18:2n-9 0.04 ± 0.01 0.04 ± 0.01  
20:1n-9 0.53 ± 0.18 0.56 ± 0.15  
20:3n-9 3.04 ± 0.98 3.19 ± 0.89  
22:1n-9 0.10 ± 0.06 0.10 ± 0.05  
22:3n-9 1.49 ± 0.48 1.63 ± 0.36  
24:1n-9 5.18 ± 0.73 5.27 ± 0.60  
sumn9 21.66 ± 3.61 22.08 ± 3.19          

18:2n-6 1.19 ± 0.24 1.33 ± 0.27  
18:3n-6 0.02 ± 0.01 0.02 ± 0.01  
20:2n-6 0.13 ± 0.06 0.15 ± 0.07  
20:3n-6 1.13 ± 0.26 1.26 ± 0.22  
20:4n-6 13.23 ± 2.02 12.89 ± 1.60  
22:2n-6 0.05 ± 0.06 0.07 ± 0.06  
22:4n-6 2.83 ± 0.52 2.93 ± 0.65  
22:5n-6 3.10 ± 0.53 2.70 ± 0.46  
24:2n-6 0.20 ± 0.08 0.21 ± 0.07  
sumn6 21.87 ± 2.88 21.57 ± 2.47  
LCPn-6 20.29 ± 2.68 19.79 ± 2.41          

18:3n-3 0.11 ± 0.03 0.12 ± 0.03  
18:4n-3 0.19 ± 0.11 0.25 ± 0.15  
20:5n-3 0.03 ± 0.01 0.04 ± 0.02  
22:5n-3 0.19 ± 0.08 0.29 ± 0.09  
22:6n-3 4.84 ± 0.87 5.21 ± 0.94  
sumn3 5.37 ± 0.90 5.90 ± 0.95  
LCPn-3 5.06 ± 0.94 5.54 ± 0.99          

16:1n-7tr 0.43 ± 0.11 0.42 ± 0.08  
18:1tr 0.61 ± 0.47 0.53 ± 0.44  
18:2n-6tr 0.09 ± 0.07 0.11 ± 0.08          

EFAindex 1.15 ± 0.35 1.12 ± 0.25  
PUFA 31.81 ± 2.63 32.33 ± 2.10  
MUFA 20.28 ± 2.61 20.41 ± 2.38  
DHADI 1.13 ± 0.28 0.96 ± 0.26  
DHASI 1.62 ± 0.49 1.98 ± 0.50  
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Appendix 4. The relative fatty acid composition (% of total fatty acids) of phospholipids
isolated from umbilical venous wall phospholipids in the control (LA) and experimental
(ALA+LA) groups. Results are given as mean±sd.

Appendices

control group experimental group
n=28 n=28

mg/kg 0.025 ± 0.01 0.030 ± 0.01
total 479.02 ± 149.40 545.60 ± 150.88
unknowns 7.21 ± 2.45 6.89 ± 2.11

14:0 0.96 ± 0.16 0.96 ± 0.18
15:0 0.63 ± 0.10 0.67 ± 0.16
16:0 26.53 ± 1.35 26.36 ± 1.30
17:0 0.98 ± 0.19 1.03 ± 0.13
18:0 13.35 ± 0.62 13.35 ± 0.54
20:0 0.48 ± 0.05 0.47 ± 0.06
21:0 0.03 ± 0.07 0.05 ± 0.14
22:0 1.36 ± 0.20 1.31 ± 0.24
23:0 0.13 ± 0.03 0.13 ± 0.03
24:0 2.57 ± 0.31 2.49 ± 0.38
SAFA 47.02 ± 1.37 46.81 ± 1.22

16:1n-7 0.47 ± 0.09 0.48 ± 0.06
18:1n-7 2.22 ± 0.22 2.16 ± 0.25
sumn7 2.69 ± 0.24 2.64 ± 0.28

18:1n-9 7.79 ± 0.81 7.71 ± 0.73
18:2n-9 0.03 ± 0.01 0.03 ± 0.01
20:1n-9 0.25 ± 0.04 0.25 ± 0.06
20:3n-9 0.37 ± 0.16 0.39 ± 0.21
22:1n-9 0.06 ± 0.05 0.08 ± 0.06
22:3n-9 0.29 ± 0.11 0.32 ± 0.17
24:1n-9 4.25 ± 0.44 4.24 ± 0.56
sumn9 13.04 ± 1.17 13.01 ± 1.53

18:2n-6 1.99 ± 0.41 2.02 ± 0.39
18:3n-6 0.03 ± 0.01 0.03 ± 0.00
20:2n-6 0.37 ± 0.12 0.36 ± 0.11
20:3n-6 1.93 ± 0.44 1.99 ± 0.28
20:4n-6 18.50 ± 1.02 18.36 ± 1.18
22:2n-6 0.08 ± 0.06 0.08 ± 0.02
22:4n-6 4.85 ± 0.66 4.97 ± 0.77
22:5n-6 2.87 ± 0.62 2.48 ± 0.47
24:2n-6 0.80 ± 0.16 0.77 ± 0.17
sumn6 31.42 ± 1.44 31.04 ± 1.46
LCPn-6 28.16 ± 1.50 27.80 ± 1.38

18:3n-3 0.07 ± 0.01 0.07 ± 0.02
18:4n-3 0.10 ± 0.09 0.08 ± 0.08
20:5n-3 0.02 ± 0.01 0.04 ± 0.02
22:5n-3 0.23 ± 0.07 0.35 ± 0.10
22:6n-3 4.88 ± 0.70 5.43 ± 0.81
sumn3 5.31 ± 0.72 5.97 ± 0.85
LCPn-3 5.14 ± 0.74 5.82 ± 0.86

16:1n-7tr 0.16 ± 0.04 0.16 ± 0.03
18:1tr 0.34 ± 0.21 0.34 ± 0.20
18:2n-6tr 0.03 ± 0.02 0.02 ± 0.02

EFAindex 2.36 ± 0.25 2.40 ± 0.30
PUFA 37.42 ± 1.41 37.75 ± 1.16
MUFA 15.04 ± 1.25 14.92 ± 1.42
DHADI 0.60 ± 0.17 0.51 ± 0.11
DHASI 1.79 ± 0.55 2.30 ± 0.69
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