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Abstract

Background and objective

We investigated the associations of maternal diet and serum fatty acids during pregnancy
and in early infancy on infantile neurodevelopment.

Methods

Pattern reversal visual evoked potentials (pVVEP) as depictors of central nervous system
maturation were recorded from 56 children when they were 2 years old. Maternal nutrient
intakes were calculated from food diaries and fish consumption from questionnaires
collected during pregnancy. Serum phospholipid fatty acids were determined by gas
chromatography in late pregnancy and from infants at 1 month of age.

Results

The children of the women who consumed fish three or more times per week during the
last trimester of pregnancy had a higher pVEP component P100 amplitude for 60’ (mean
23.4, SD 8.1) and 30’ (mean 20.4, SD 6.7) of arc minute check sizes compared to those
who consumed fish 0-2 times per week (mean 15.0, SD 4.8, p=0.023, adjusted for birth
weight and gender p=0.058 and mean 13.4, SD 2.0, respectively, p=0.028, adjusted
p=0.072). Maternal and child serum phospholipid fatty acids correlated with child pVEP
measurements.

Conclusion

The results of this small-scale study suggest that fish consumption during pregnancy and
perinatal serum fatty acid status may associate with neurodevelopment within visual

system during infancy.



Introduction

There is an ever-increasing numbers of patients with diet-related chronic diseases in
industrialized societies, with a significant propagation in the pediatric population. The
developmental origins of health and disease concept proposes that their roots lie in
critical stages of development when the crucial regulatory systems are plastic and
sensitive to the environment (1). It has become evident from experimental and
epidemiological studies that the nutritional environment in utero as well as during the
neonatal period exerts significant effects on the risk of an individual developing non-
communicable diseases. Many nutrients have been linked directly or through metabolic
routes such as their interaction with gut microbiota, to infantile neurological
development, thus highlighting the importance of the nutrition-gut-brain axis as a
modulator of health and development (2-4).

Maternal diet is a modifiable environmental component with the possibility to promote
fetal development to its optimal potential. The supply of long chain polyunsaturated fatty
acids (LC-PUFA) is of particular interest regarding neurological development as these
are important components of neural and retinal membranes (5). At present, at odds with
the recommendations, the dietary intake of fats is typically becoming shifted towards a
higher intake of saturated fatty acids at the expense of unsaturated fatty acids, combined
with a low intake of n-3 fatty acids. The importance of adequate supply of these fatty
acids culminates during the third trimester of pregnancy as well as in the first months of
life, when considerable quantities of LC-PUFA, especially docosahexaenoic acid (DHA),

accumulate in the brain and retina (6). Although many important maturation processes



extend beyond infancy, most studies have utilized some form of neurophysiologic
assessment of the visual system as an indicator of neurodevelopment; these tend to have
focused on early infancy, and up to one year of age, and on either maternal or infant
nutrition, although there are some studies which have also evaluated children’s
development over longer periods (7-8).

We studied here the influence of nutritional LC-PUFA sources both in the maternal diet
and serum as well as in their children’s diet and serum on the infants’ neurodevelopment
as reflected in visual system function at the age of two years from a larger mother-child
study aiming to modify maternal dietary intake to improve the health of both the mother
and child (9, 10). For this purpose, we chose to use pattern reversal visual evoked
potentials (pVEP), a sensitive and accurate, non-invasive method that can be used to
assess visual function and maturational changes occurring within the visual pathways
during the first years of life. The aim of this study was to investigate firstly whether the
mother’s diet and fatty acid status during pregnancy or the child’s fatty acid status at one
month of age would exert any impact on the infant’s neurodevelopment and visual
system function at 2 years of age by undertaking pVVEP recordings with two check sizes,
30 and 60 arch minutes. The second aim was practical: to gather laboratory specific

reference values for pVEP recordings in small children.

Methods

Study subjects and design



We performed pVEP recordings in 2-year-old children participating in a mother-child
intervention study; its primary focus was to define the impact of maternal diet and serum
phospholipid fatty acids during pregnancy on the child’s neurodevelopment as reflected
in visual system function. The original intervention setting of the clinical trial has been
described previously (9; NCT00167000). Briefly, it involved randomization of the
mothers into three study groups: diet counselling with or without probiotics (1 x 10*°
colony-forming units of Lactobacillus rhamnosus GG, ATCC 53103, Valio Ltd, Helsinki,
Finland and Bifidobacterium lactis Bb-12, Chr. Hansen, Hoersholm, Denmark each), or a
control group receiving placebo at the first trimester of pregnancy until the end of
exclusive duration of breastfeeding maximum of six months after delivery The diet
counselling aimed at a dietary intake complying with that recommended for pregnant
women (11).

The VEP investigation at the child’s age of 2 years was completed to a convenience
sample of children whose parents were willing, and the children were born at term, and
who had no clinically evident visual disorder (poor sight/squint) or epilepsy. VEP
measurements were performed at the age of 2, because the process of myelination should
be complete by the age of two years. VEP recording took about 30 to 45 minutes
including preparation. Of the 82 investigations, 56 were successfully completed. The
subject flow is shown in Figure 1.

Dietary intake was collected from mothers during each trimester of their pregnancy and
from their children at the age of 2 years. Serum phospholipid fatty acid composition and
concentration were measured in the third trimester of pregnancy from mothers and at the

age of 1 month from the children. Demographic and clinical information were obtained



by interview or from healthcare records. Heights and weights of the infants were
measured by a research nurse using standard methods.

The Ethical Committee of the Hospital District of Southwest Finland approved the study
protocol and the mothers provided written informed consent. The study complies with the

Declaration of Helsinki as revised in 2000.

Analyses of diet and serum fatty acids

Dietary intake was recorded in 3-day food diaries, including one weekend day, in each
trimester of pregnancy. The women received personal and written instructions on how to
fill in the food diaries and the diaries were checked for completeness and accuracy during
the study visits. Mean daily intake of nutrients over pregnancy was calculated using a
computerized program (Micro-Nutrica®, version 2.5, Research Centre of the Social
Insurance Institution, Turku, Finland). The frequency of consuming fish over the
previous two weeks prior to the third trimester of pregnancy study visit was inquired by a
guestionnaire.

Serum phospholipid fatty acid analyses were conducted as previously described (12, 13).
Briefly, total lipids were extracted from blood samples with chloroform:methanol and
phospholipids were separated by solid phase extraction. Fatty acid methyl esters were
prepared with boron trifluoride (BF3) using the methanol procedure and fatty acids were

analysed by gas chromatography.

Visual evoked potentials



The visual system was assessed with pVEPSs recorded with an eight-channel Viking IV
ENMG and evoked potential device (Nicolet Biomedical Instruments, Madison,
Wisconsin). Three bipolar derivations of O1, Oz and O2 electroencephalogram (EEG)
electrodes referenced to the Fpz electrode were used according to the international 10-20
EEG electrode placement system. A ground electrode was placed on the forehead. Scalp-
electrode impedance was kept below 5 kOhm.

Visual stimuli were generated with Medelec ST 10 Sensor (Oxford Instruments, Old
Woking, UK) and consisted of a high contrast black and white checkerboard generated on
a Sony monitor. The mean luminance of the screen was 100 cd/m?, and the contrast
between the black and white squares was greater than 90%. The checkerboard pattern
was reversed at a rate of 2.3 Hz.

The evoked EEG signals were amplified and bandpass-filtered at 0.5-200 Hz (sampling
rate, 5Hkz). At least one hundred pVEPs time-locked to the stimulus were averaged per
trial, which was repeated at least two times to ensure consistency of the waveforms.
Recordings were done only when the child was alert and attentive. The child was seated
on the parent’s lap 70 cm away from and at the level of the stimulus screen. The tester
(JN) attracted the child’s attention towards the screen with small figure stickers kept at
the fixation point in the middle of the screen. The mother and the tester continuously
monitored the child’s visual fixation to the stimulus, and the recording was temporarily
discontinued when the child was not fixating or moved nearer or further from the screen.
Thus, the computer only acquired data during those periods when the child was viewing

the stimulus. The recording was always done first to the right eye (with an eye-patch



placed on the other side) and then to the left eye if co-operation allowed. The first
stimulus presented to the child was a 60 arcminute pattern-reversal checkerboard. If there
was a clearly reproducible pVEP, also pVEP with smaller 30 arc-minute checks were
tested. The main characteristics of the pattern-reversal VEP waveform investigated were
the peak latencies (N75 and P100) and amplitudes (P100) of the main components. All
PVEP records were scored by the same experienced electrophysiologist (SJ), who was

unaware of the group assignment.

Statistical analysis

The primary endpoint variables were measured from the midline Oz electrode to the
stimulation of the right eye and consisted of the latency and amplitude of the P100
components for each chequerboard size, 30’ and 60’ (30’ and 60’ latency, and 30’ and
60’ amplitude).

The correlations of potential confounders (Supplemental tables S1 and S2) with pVEP
recordings were evaluated by Pearson correlation coefficient and Anova. Weight and
head circumference at birth were found to correlate with 30 latency and gender with
60’amplitude (Supplemental tables S1 and S2). All the analyses were adusted for birth
weight and gender. Head circumference was not used for adjusting as it correlated with
birth weight. The intervention effect of the original clinical trial setting and the VEP
measurements in the groups with different frequencies of fish consumption per week
were compared by Anova and by adjusted Anova. The relationships between diet and

serum phospholipid fatty acids with pVEP recordings were evaluated by searching for
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correlations using Spearman partial correlation coefficients. In the evaluation of the
reference values of the pVEP variables, their normality was first tested by the
Kolmogorov-Smirnov test. The 2.5% and 97.5% percentiles were defined as mean —
1.96*SD and mean + 1.96*SD. Statistical analysis was performed using IBM SPSS
Statistics for Windows (version 23.0, Armonk, NY, IBM Corp). P-values less than 0.05

were considered statistically significant.

Results

Clinical characteristics

The primary outcome variables of the pVEP recordings were available for 56 children
(figure 1) recorded at the mean age of 2.1 years (SD 0.2 years). Except for one child
investigated at the age of 3.2 years, all children underwent the pVVEP recording at the age
of 2.0 to 2.3 years (n=55). The clinical characteristics of the children at birth and at 2
years of age are shown in table 1. The growth of the children was within the normal
reference range, but four children were tall for their age (height SD score above two) at
the age of 2 years. The children were considered healthy, although one child had situs
inversus at birth.

The mothers were 28.9 (SD 4.6) years of age and they were of normal weight as
evaluated by their mean BMI (23.8, SD 3.8) prior to pregnancy, although 32% were
overweight. The weight gain during pregnancy was on average 15.3 (4.9 SD) kg. The

mothers were normotensive and normoglycemic: mean systolic blood pressure during the
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pregnancy was 114 (SD 9) mmHg, diastolic blood pressure was 68 (SD 6) mmHg (mean
of three measurements during the pregnancy), and at the group level, the mean fasting
blood glucose was 4.6 (SD 0.3) mmol/l (mean of two measurements during the
pregnancy; early and late pregnancy). Gestational diabetes was diagnosed in 14 out of 52
women (data missing from 4 mothers) in prenatal welfare clinics. A total of 19 of the
women (34%) had smoked before pregnancy. Dietary intakes of mothers during

pregnancy and children at the age of 2 years are presented in table 3.

PVEP recording results

The results for the right and left eye pVEP component P100 latencies and amplitudes
with 30” and 60’ check sizes are presented in table 2. The right and left eye
measurements correlated as follows: 60’ latency, r=0.475, p=0.005; 30’ latency r=0.355.
p 0.059; 60’ amplitude r=0.746, p<0.001, 30* amplitude 0.715, p<0.001. Mother’s BMI
or overweight status (yes/no) prior to pregnancy, gestational weight gain, blood glucose
levels, presence of gestational diabetes (yes/no), systolic or diastolic blood pressure or
smoking prior to pregnancy (yes/no) were not associated with the results of their child’s
pVEP recordings (all NS, Pearson correlation coefficient test or Anova; Supplemental
tables S1 and S2). The child’s gestational age, duration of breastfeeding (total or partial),
birth height or child’s age at pVEP recording were not correlated with pVEP recording
results (all NS, Supplemental table S1). Weight and head circumference at birth

correlated with 30’ latency (r=0.340, p=0.025 and r=0.414, p=0.006, respectively) but not
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with other pVEP recording results. Gender was related to 60’ amplitude (p=0.009). The

further analyses were completed adjusted for weight at birth and gender.

Impact of maternal diet and serum fatty acids on the child’s pVEP recording results

The dietary intervention with or without probiotic supplementation of the original clinical
trial study setting was not statistically significantly associated with the pVEP latencies or
amplitudes (NS, ANOVA, Supplemental table S3). Thus, in the subsequent analyses, the
study population was examined as a single group.

The women consumed on average 34 (SD 40) g of fish daily (n=19), the median
frequency of consumption being three times per week (range 0 to 6 times per week). The
median value of fish consumption was used as a cut-off in the analysis for evaluation the
impact on child visual development. The children of the women who consumed fish three
or more times per week during the last trimester of pregnancy had a higher right eye 60’
amplitude (mean 23.4, SD 8.1 uV) and 30’ amplitude (mean 20.4, SD 6.7 uV) compared
to those who consumed fish 0 to 2 times per week (60 amplitude mean 15.0, SD 4.8 uV,
p=0.023, adjusted p=0.058; 30’ amplitude mean 13.4, SD 2.0 uV, p=0.028, adjusted
p=0.072, independent samples t-test). No differences in pVEP latencies were observed
regarding the mothers’ fish intake.

Maternal dietary intake of saturated fatty acids (SFA) during pregnancy was negatively
correlated with right eye 30’ latency (p=-0.311, adjusted p=0.048), but no associations
were detected with 60’ latency or VEP amplitudes (Supplemental table S4). Maternal

dietary intakes of energy, monounsaturated fatty acids (MUFA), PUFA, protein or
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carbohydrate, or intakes of vitamin D or E were not associated with any of the pVEP
variables (all NS, Supplemental table S4).

The proportion of alpha-linolenic acid (C18:3 n-3) in maternal serum phospholipids at the
third trimester of pregnancy was correlated with longer 30’ latencies in the children
(p=0.637, adjusted p=0.019). No other correlations between maternal fatty acids and
children’s pVEP recording results were seen, as evaluated by the proportions of the
phospholipid fatty acids (Supplemental table S5). In the quantitative evaluation of the
serum phospholipid fatty acids, the maternal alpha-linolenic acid concentration correlated
with a longer 30 latency (p=0.578, adjusted p=0.038) and a higher 30’ amplitude
(p=0.624, adjusted p=0.023). Furthermore, higher linoleic acid (18:2 n-6) concentration
(p=0.650, adjusted p=0.016) and sum on n-6 FA (p=0.558, adjusted p=0.048), higher
total SFA (p=0.701, adjusted p=0.008) and total PUFA (p=0.574, adjusted p=0.040),

were associated with a higher 30" amplitude in the infants (Supplemental table S5).

Impact of the child’s diet and serum fatty acids on the pVEP recording results

When evaluating the infants’ serum phospholipid fatty acids at 1 month of age in relation
to 2-year-VEP measurements, a positive correlation was found between the proportion of
arachidonic acid (20:4 n-6; p=664, adjusted p=0.013), DHA (22:6 n-3; p=0.582, adjusted
p=0.037) and sum of n-6 fatty acids (p=0.595, adjusted p=0.032) with a longer 60’
latency (Supplemental table S6). The children’s dietary intake of energy was negatively
correlated with 30’ amplitude (p=-0.319, adjusted p=0.046), whilst total fat, SFA, MUFA

and PUFA, protein and carbohydrates or fat soluble vitamins D and E at 2 years of age
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were not correlated with any of the right eye pVEP variables (all NS, Supplemental table

4).

Pattern VEP reference values for 2-year-old children

Reference values for 2-year-old children were calculated from the right eye and left eye
recordings (table 2). There were no statistically significant differences between the right
and left eye pVEPs. The pVEP variables were normally distributed and no differences
were detected between girls and boys, except that right eye 60’ amplitudes were higher in
girls than in boys (21.5, SD 8.1 uV vs 16.4, SD 5.7 uV, p=0.009). Despite this difference
in one variable, common reference values for girls and boys were calculated due to the

relatively small number of children in whom we acquired reliable pVEP recordings,.

Discussion

We have demonstrated here that even as early as the foetal period, the nutritional quality
may be of significance in the child’s neurodevelopment when this is assessed via the
function of the visual system at 2 years of age. In particular, the maternal intake of fish
for at least three times per week was related to an increase in right eye 60’ amplitude
(statistically non-significant after adjusting for confounding factors), and a lower intake
of SFA was related to a decrease in right eye 30’ min latency. These observations were
further substantiated by evaluations of the serum phospholipid fatty acid status. It is of

note that the study was conducted with a small number of participants and the results
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need to be verified in a larger setting using the robust pVEP recording for evaluation of
the child development. These associations point to a fascinating opportunity for shaping
the myelination of the visual tracts (a decrease in latency) and synaptogenesis, which in
turn would impact on synaptic efficiency and degree of synchrony of the impulses
travelling within the visual pathway (i.e. causing an increase in amplitude) by optimizing

the dietary fatty acid intake during pregnancy.

The results on child serum fatty acids in relation to later pVEP measurements may be
taken as supporting the results obtained for maternal diet and fatty acids status, except for
a surprising relation of DHA intake with a longer 60’ latency. The relation of fatty acids
with child development has been indicated previously, like in a study where the
concentration of red blood cell DHA at the age of four months was related to mental
development index (Bayley Scales of Infant Development) at the age of 18 months (14).
It is noteworthy that the children in our study were breast-fed at the time of blood
sampling at one month of age and thus the maternal diet is a clear contributor to the
child’s fatty acid status (12, 13). It would be important to conduct more studies focusing
on this specific time frame in early infancy in order to evaluate in detail which type of
diet in infancy would be most beneficial regarding the child’s later neurodevelopment.
There is one systematic review of LC-PUFA supplementation of breastfeeding mothers
but it could not provide any evidence on whether it conferred benefits to the child’s
development as evaluated by various outcomes including language development, solving
problems, psychomotor development or visual acuity (15). The benefit of breast-feeding

over formula-feeding of infants for neural and visual maturation has been indicated (16,
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17). Interestingly, maternal dietary patterns with poor food choices have been previously
associated with lower scores in cognitive and psychomotor development tests in
preschool aged children (18). One option for infants needing formula-feeding is
supplementation of the infant formula with DHA and arachidonic acid that was shown to
result in better visual acuity using sweep visual evoked potential compared to infants fed
formula without these LC-PUFAs (19, 20), although contradictory results exists (16).
Nevertheless, a sufficient supply of LC-PUFAs is likely to be of importance upon

weaning from the breast milk (21).

The published human studies provide contradictory data regarding maternal diet or fatty
acid status during pregnancy on child development even though variable methods have
been used to evaluate this phenomenon (reviewed in 22). Generally, an increase in n-3
fatty acids either through consumption of relevant food sources, mainly fish or
supplement use, has been considered as being beneficial in view of the importance of n-3
LC-PUFAs as structural and functional components in brain and retina (23). The results
of our study suggests that frequent fish consumption is of benefit for child development
that may be attributable to LC-PUFAs within fish, but also due to other nutrients like
vitamin D and E, also import for development (24, 25). In addition to n-3 LC-PUFAS, n-6
fatty acids are incorporated into brain and are needed for infant growth and development
(26), which was also indicated in our study as infants’ n-6 LC-PUFA arachidonic acid
and sum of n-6 fatty acids was related to longer 60’ latencies. Nevertheless, the impact of
n-6 LC-PUFAs on neurodevelopment need to be established (27). One example that

demonstrates the challenges in establishing the impact of perinatal nutrition on child
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neurodevelopment may be taken from a recent study (28) that could not demonstrate
either benefit or harm by a combination of supplementation of a n-3 LC-PUFA and n-6
fatty acid (arachidonic acid) balanced diet from the 15" week of gestation to four months

postpartum on infantile neurodevelopment at the age of 4 or 5 years.

The difficulty in demonstrating the benefits of perinatal nutritional impact on child
neurodevelopment may arise from various sources. Firstly, the evaluation of the habitual
maternal diet in a robust way is time-consuming and laborious both to the researchers and
to the study participants. In our study, we used a repeated food diary analysis, conducted
three times over the pregnancy to increase the reliability of the dietary intake of nutrients
and we also used a frequency questionnaire for the longer-term evaluation of fish intake,
which may be considered an appropriate means for the assessment of foods that are not
consumed daily. In our study, we applied a dietary approach which is reasonable in the
public health care setting. We demonstrated previously in a larger number of subjects of
the same study that dietary intake of pregnant women may be modified, particularly the
intake of SFA lowered and the intake of PUFA increased, by dietary counselling (11),
which could also contribute to the child development, although as demonstrated in this
small-scale study, the intervention group allocation per se did not influence the child
development. Previously, several supplement studies have been completed (including
29); their benefits lie in their ability to increase the intakes of specific n-3 fatty acids,
particularly in non-fish eaters combined with the avoidance of potential harm due to
pollutants in fish, although compliance in consuming the capsules may be an issue.

Nevertheless, despite intensive research in the area of fatty acid supplementation, no
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conclusive evidence exists thus far regarding child neurodevelopment or cognition and
visual outcomes (reviewed in 22, 30), the benefits mainly manifested in preterm born
infants (31). In agreement with our study, although in that other publication, the child’s
development was evaluated by a psychological test, Mendez and coworkers (32) found
that maternal fish consumption in excess of two to three times per week was associated
with higher test scores when the child was four years old. One contributor to the
controversial clinical findings may be that the optimal dose of the n-3 LC-PUFAs
(particularly DHA) and the ratio of n-3 to n-6 fatty acids for child’s neurodevelopment
remains to be defined. Equally provision from the diet and their ratio of the precursors for
DHA and arachidonic acid, namely n-6 fatty acid linoleic acid and n-3 fatty acid alpha-
linolenic acid may be of importance for the conversion to the longer chain fatty acids,
although this was shown not to have an impact on VEP acuity (33). Along with
considering the optimal dietary intake, the transfer from mother to foetus of fatty acids
may be limited in cases of compromised pregnancies, e.g. in diabetic mothers (34). In
healthy mothers, there is a preferential transfer of LC-PUFA over other fatty acids
through placenta (35). This is of importance as fetuses and infants have a limited capacity
to synthesize n-3 LC-PUFA (reviewed in 22). Maternal genetic variability may be a
contributor to the maternal LC-PUFA status, but no evidence was revealed of its impact
on the child’s cognitive development as evaluated by Bayley Scales of Infant
Development |1 test in a longitudinal observational study in high fish consumers at the
age of 20 to 30 months (36). In addition, breastfeeding or formula feeding status of the
infant may interfere with defining the effect of pregnancy on the child’s

neurodevelopment (37). We found no relation between the maternal background factors
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like prepregnancy overweight or smoking status or presence of gestational diabetes
regarding the child’s visual system function, but some potential effect may not be ruled
out as our study population was small. A previous study in 185 infants demonstrated that
birth weight, gender and number of smokers in the household influence VEP acuity and
the authors speculated that a range of perinatal factors could either mask or enhance the
dietary effects on child development (38). In our study we found that weight and head
circumference at birth and gender correlated with pVEP recordings and consequently the

results were adjusted.

Another likely cause for differences in the study results may arise from the methods,
particularly those used to evaluate neurodevelopment. Several studies have focused on
the evaluation of perinatal diet on infantile mental performance and psychomotor
development instead of neurodevelopment (22), which was the focus in the present study
using eye pVEP measurement known to be a robust test. Many previous studies
investigating relationships between nutritional factors and neurodevelopment have
exploited either electroretinography that reflects the function of the retinal cells, not the
higher level central nervous system (CNS) maturation, or sweep-VEP giving a crude
measure of visual acuity in babies (reviewed in 39). As a surrogate for optic nerve and
CNS function, pVEP allows a detailed investigation of the components contributing to
CNS maturation. The latency of the pVVEP reflects the myelination of the visual tracts,
being shorter when there is a higher degree of myelination. The waveform and amplitude
of the pVEP response are associated with synaptogenesis, synaptic efficiency and degree

of synchrony of the impulses travelling within the visual pathway. Furthermore, by
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applying different chequerboard sizes (e.g. 60 and 30 arch minutes), it is possible to
conduct an objective and detailed analysis of the maturational state of visual acuity. Thus,
pVEP recordings enable quantifying these aspects of neurodevelopment and visual
function, already at two years of age when children are old enough to permit successful
recordings. Furthermore, we were able to collect valid and feasible pVVEP reference
values, which have been successfully applied to clinical diagnostics in small children
with visual problems. However, a larger population would have been needed in order to

define reference values separately for boys and girls.

In addition to the robust methods used for the evaluation of child neurodevelopment, the
carefully collected clinical trial data and the long-term follow-up with good compliance
may be viewed as a strength of our study. At the same time, considering the long duration
of the follow-up, a larger study would be required in order to evaluate the impact of any
individual dietary intervention. As evaluated from our data about 240 subjects per group
would be needed to produce statistically significant differences in ocular pVEPs in a
similar study setting. Our approach may be recommended, taking into consideration both
the comprehensive maternal dietary composition and the impact of gut microbiota on
neurodevelopment of the child. We consider our study population to be representative of
a typical group of women attending the communal maternal health care system, which is
available to all women free-of-charge in Finland, with the women consuming a typical
diet for the region. Our population was thus well-nourished and healthy and the children
were born at term. Many of the previous studies have focused on undernourished

populations or on prematurity, or have aimed to modify the maternal diet by
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administering supplements. The nature of our study allowed the demonstration of the
importance of maternal diet during pregnancy on the child’s neurodevelopment that may
be applicable to the majority of pregnant women; thus it provides evidence for the

potential benefits of public health approaches targetted to pregnant women.

Conclusions. Our results suggest important associations between maternal diet
composition during pregnancy, particularly the intake of fish, and perinatal serum fatty
acid status on a child’s neurodevelopment within the visual system in infancy as
measured by pVEP. These results support the previous findings about the importance for
child development of perinatal nutrition when permanent beneficial changes may be
induced through appropriate environmental exposures. Our study also highlights the
potential importance of subtle changes in the diet of healthy women with uncompromised
pregnancies, beyond prematurity or nutritional deficiencies, in regulating infantile
neurodevelopment. Our results may be applied for dietary counselling of pregnant
women taking into account that practical advice and tools are needed for implementation
of successful lifestyle changes (40, 41). This is of importance as the composition of the
maternal diet during pregnancy and breastfeeding is the key contributor to the supply and
deposition of LC-PUFAs to the foetus and infant brain (23) during the period of

maximum brain growth that extends throughout the first years of postnatal life.
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Figure 1. Flow chart. Reasons for discontinuation: miscarriage, illness in mother or child, moving,

not willing to continue.

15trimester of pregnancy (n= 256)

Children at birth (n=238)

Attended study visit at 2 years of age (n=191)

Unwilling to pVEP measurement (n=109)

VEP measured (n=82; including one A twin)
Excluded from analysis:
+ poorsight or squint (n=8)
+ bom preterm (n=1)
«+ uncooperative (n=17)

Analysis

VEP measured successfully (right eye 30" and/or 60"
amplitude and latency measurement results available n=56)
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Table 1. Clinical characteristics of the children (N=56).

Characteristics N (%) Mean (SD)

At birth
Male gender 28 (50)
Gestational age, weeks 39.5(1.4)
Weight, g 3579 (486)
Weight for height, % -2.0(9.7)
Length, cm 51 (1.8)
Length, SD 0.40 (1.0)
Head circumference, cm 34.9 (1.3)
Head circumference, SD -0.1(0.9)
Caesarean delivery? 10 (18)
Vaginal delivery? 45 (82)

At 2 years of age
Weight, kg 12.7 (1.3)
Weight for height, % -1.9(7.4)
Height, cm 88.0 (3.2)
Height, SD 0.1 (1.0

Duration of breast-feeding
Exclusive, weeks 13.8 (6.7)

Total, weeks 41.2 (23.4)

@ Data available of 55 children.



Table 2. The right eye and left eye pVEP latencies (ms) and amplitues (uV) of the P100 component recorded at the midline Oz

electrode in 2-year-old children with the reversing black-and-white checkerboard and 30 and 60°check sizes.

Percentiles

N Mean Md SD Min Max 2.5 25 50 75 97.5

Right eye

60’ latency 55 108.2 109.0 4.1 95.5 117.0 977 105.0 109.0 1110 116.2
30’ latency 43 1118 1120 4.6 1020 1200 1021 1090 1120 1150 1199
60’ amplitude 55 19.0 17.5 7.4 4.6 41.3 54 13.7 17.5 23.0 40.9
30’ amplitude 43 174 13.8 8.5 41 40.0 4.4 12.3 13.8 23.0 39.6
Left eye

60’ latency 34 108.2 109.0 4.0 97.5 116.0 100.3 1058 109.0 1110 1161
30’ latency 30 1103 1105 6.5 85.0 1200 975 109.0 1105 1150 123.0
60’ amplitude 34 202 19.0 8.5 7.7 44.0 3.6 14.4 19.0 24.3 36.8

30’ amplitude 30 196 17.7 9.1 7.0 44.5 1.8 12.2 17.7 23.2 37.4
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Table 3. Dietary intake and serum phospholipid fatty acids of the mothers and their children.

Mothers Children
Mean SD Mean SD
Diet intake? (N=56) (N=53)
Energy (kcal) 2041 354 1042 216
Protein (% of energy) 16.2 2.0 18.0 3.0
Carbohydrates (% energy) 51.2 4.9 52.1 4.9
Total fat (% of energy) 31.2 4.6 28.6 5.0
SFA (% of energy) 12.8 2.2 11.8 3.2
MUFA (% of energy) 10.8 1.9 9.6 2.2
PUFA (% of energy) 55 1.0 4.4 1.4
Vitamin D (uQ) 9.4 3.7 4.7 2.6
Vitamin E (mg) 14.6 5.0 4.8 2.1
Fatty acids (% of total fatty acids)® (N=20) (N=15)
18:2n-6 (linoleic acid) 19.4 2.2 18.5 2.0
20:4n-6 (arachidonic acid) 7.2 1.0 9.5 1.8
Sum n-6 30.6 2.3 31.7 1.4
18:3n-3 (alpha-linolenic acid) 0.6 0.2 0.2 0.04
20:5n-3 (eicosapentaenoic acid) 1.6 0.9 0.7 0.3
22:6n-3 (docosahexaenoic acid) 4.9 1.1 4.0 0.9
Sum n-3 7.7 2.0 5.6 1.2
SFA 44.9 0.8 45.2 1.7
MUFA 16.2 1.3 16.9 2.6
PUFA 38.9 1.7 37.8 2.1

& Mean of three measurements during pregnancy for mothers and at 2-years-of age for children.

b At the third trimester of pregnancy for mothers and at 1 month-of-age for children.



