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Abstract

Background: Prenatal supply of folic and fatty acids is related to infant’s neurodevelopment; however, the potential
beneficial effects on child’s neurologic outcomes remain controversial.

Methods: We analysed 154 Spanish pregnant women in 4 randomized groups of supplementation with fish oil
(FO), folic acid (5-MTHF), both, or placebo, and assessed their infant's mental and psychomotor development at 6 and
20 months of life with Bayley Scales of Infant Development (BSID).

Results: No significant differences in BSID outcomes between the groups were detected. FO+5-MTHF
supplementation influenced positively blood phospholipid polyunsaturated fatty acids (PUFAs) and folate levels during
pregnancy, at delivery, and in neonates. No effect of FO and/or 5-MTHF supplementation on breast milk PUFA levels
was detected. Further, higher maternal DHA and lower n6/n3 ratio at delivery associated positively with offspring’s PDI
scores at 20 months. While infants with higher blood folate levels correlated with higher MDI scores at 20 months.

Conclusions: Findings of the current study show no clear effect of FO and folic acid supplementation on
child’s neurodevelopment, regardless of the positive effect of supplementation on blood PUFAs and folate levels.
However, prenatal PUFAs, especially DHA, and higher folate levels in newborns could have a positive effect on child’s

neurodevelopment.
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Introduction

There is growing evidence that early nutrition can affect later
cognitive performance. Nevertheless, much of this evidence is from
animal studies, and in humans from retrospective and short-term
nutritional intervention studies. The current evidence of an association
between prenatal nutrition and brain development is more credible
for n-3 fatty acids and folate. In humans, considerable amounts of
fatty acids accumulate in the foetal brain and retina during the third
trimester of pregnancy, and in the infant brain and retina during the
first year of postnatal life [1-3]. Human foetuses and young infants have
a limited ability to synthesise omega 3 long-chain polyunsaturated fatty
acids (n-3 LC-PUFAs) de novo, prenatally fatty acids are obtained from
maternal stores, and diet, and postnatally from breast milk or infant
formulas [4]. Therefore deficiencies in the fatty acids could critically
influence neurodevelopment and developmental velocity, and later
mental performance in children [5]. Indeed, several studies indicate
the beneficial effect of high maternal docosahexaenoic acid (DHA)
status on infant’s neurodevelopmental outcomes [6-11]. Also benefits
of higher maternal fish consumption (natural source of n-3 LC-PUFAs)
during pregnancy on childs neurodevelopment have been reported
[12,13]. Furthermore, maternal supplementation with DHA during
pregnancy and lactation has been associated with child’s enhanced
psychomotor and cognitive development [14-19]. Nevertheless,
the potential beneficial effects of maternal DHA supply on child’s

neurologic outcomes, especially the long-term outcomes, remain
controversial, as several studies have not detected such effects [20-25].
These inconclusive results could be due to the differences in the dosage
and timing of supplementation, source of supplements, methodology
used for assessing neurologic condition, and/or limited statistical
power.

Folates are other group of nutrients that have fundamental
importance for brain development. Folates participate in one-carbon
biosynthetic and epigenetic processes that facilitate the synthesis
and methylation of nucleic acids and proteins [26], and are thus
indispensible during periods of rapid cell growth and proliferation,
which occur during brain development. Additionally, it has been
indicated that folate deficiency can modulate plasma and tissue fatty
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acid composition [27-30]. Recent cohort studies of folate supplemented
mothers have shown that their infants have fewer behavioural and
emotional problems [31,32], improved neurodevelopment and reduced
hyperactivity and peer problems in children [33,34].

Nevertheless, the recent reviews and meta-analyses of randomised
clinical trials conclude that there is no clear long-term benefit of
folate and n-3 fatty acids supplementation during pregnancy on
child’s neurodevelopment [35-38]. Despite of the growing interest in
the topic, the optimal content of micronutrient supplementation and
whether there is a long-term impact on child’s neurodevelopment
needs to be investigated further. In addition, as folates can influence
fatty acid composition in the blood and tissue, the effect of folic
acid supplementation together with n-3 fatty acids on childs
neurodevelopment has not been investigated in other clinical trials.

In the current study we set out to assess the effects of maternal
Fish Oil (FO) and folic acid (5-MTHF) supplementation during the
second half of pregnancy on their offspring psychomotor and mental
development during the first 20 months of postnatal life.

Materials and Methods
Study design

This study is a part of a European randomized multicentre trial,
NUHEAL (Nutraceuticals for a Healthier Life; registration no.
NCTO01180933). The detailed study design, subject recruitment and
characteristics, inclusion criteria, dietary intervention, and collection
of data and biological material have been described previously [30,39].
In short, healthy women aged 18 to 40 years with uncomplicated
pregnancies were invited to participate in the study before 20 weeks
gestation. Babies born within the Spanish cohort (n=154) were
assessed for neurodevelopment at 6 and 20 months of postnatal life.
Their mothers were randomly allocated in a double-blind fashion to
one of four treatment groups during the second half of pregnancy:
(a) fish oil (500 mg DHA+150 mg EPA/day) (FO), (b) folic acid
(5-methyltetrahydrofolic acid (5-MTHF), 400 pg /day) (5-MTHEF),
(¢) fish oil + folic acid (FO+5-MTHE), and (d) placebo (see [30] for
detailed recruitment description). Women were provided with 180
sachets, each containing 15g of a milk-based supplement (Blemil
Plus Matter, Ordesa Laboratorios, Barcelona, Spain). Each sachet was
to be consumed as one daily dose, providing 500 mg DHA and 150
mg EPA (provided as modified fish oil (Pronova Biocare, Lysaker,
Norway)), or 400 pg 5-MTHF (BASEF, Ludwigshafen, Germany), both,
or placebo together with vitamins and minerals in amounts meeting
the recommended intakes during the second half of pregnancy. In
more detail, each sachet provided per day: 360 mg calcium, 360 mg
phosphorous, 106 mg magnesium, 5.7 mg zinc, 60 pg iodine, 240 pg
vitamin A, 0.5 ug vitamin D, 3 mg vitamin E, 0.48 mg vitamin B1, 0.54
mg vitamin B2, 6 mg vitamin B3, 0.63 mg vitamin B6, 0.78 ug vitamin
B12 and 60 pg vitamin C. The supplements were taken daily from week
20 of pregnancy until delivery. Subjects were asked not to take any
other vitamin or dietary supplements during this time. Compliance
was assessed in standardized questionnaires (see [30]) at pregnancy
week 30 and at delivery by asking each of the women how many days
of supplementation she had missed. In addition, the women were asked
to return the non-consumed sachets at each visit, providing thereby
adherence to the self-reported supplement intake. Volunteers were
excluded if they had consumed fish oil supplements during the first half
of the pregnancy or continued to use folate and vitamin B12 containing
supplements after 16 weeks gestation. Only singleton births with birth
weights appropriate for gestational age were included.

Breast-feeding was always recommended and supported after the
delivery. As it is assumed that the diet during pregnancy influences the
composition of lipid stores, which contribute to milk lipids [40], infants
not fully breastfed were provided with or without supplementary
DHA according to the nutritional code assigned to the mothers
during pregnancy, continuing with the double blind and randomized
procedure. Except for fatty acid composition, both formulas were
identical and in line with recent European recommendations [41,42].
Children born from the placebo or 5-MTHF group received a formula
free of DHA and Arachidonic Acid (AA), and those born to FO-
supplemented women received a formula containing 0.5% of total fatty
acids as DHA and 0.4% of AA during the first 6 months of postnatal
life. Clinical histories of the parents were obtained on enrolment of the
mother. Fasting blood samples were drawn from mothers at weeks 20
and 30 of pregnancy and at delivery. Umbilical cord blood was collected
at delivery. All blood samples were collected into EDTA tubes. Blood
was centrifuged at 3500 rpm for 5 min and plasma collected. Plasma
was frozen at -80°C until analysis. Mature breast milk was collected 8
weeks after the delivery, a random sample manually expressed by the
mother. Samples were stored at -80°C until the milk fatty acids were
analysed.

The local Ethical Committee of San Cecilio University Clinical
Hospital of Granada, Spain approved the study protocol. After a careful
explanation of the study details, written consent was obtained from all
participating women. Neurodevelopment assessment was performed
by one psychologist in 147 infants at age of 6 months (n=140) and 20
months (n=118) using the Spanish version of the BSID [43] (Figure 1).
These scales are considered valid and reliable for assessing psychometric
properties of children from 1 to 30 months of age and are widely used to
evaluate the global cognitive development of young children. BSID are
intended to measure the level of development in cognitive, motor, and
behavioural domains and comprise mental, psychomotor and behaviour
rating scales. In this study, the mental and psychomotor scales were

Assessed for eligibility (n=154)

—D{ Excluded (declined to participate) (n=7) ‘

Randomized (n=147)

1 [ | |

DHA+EPA
Allocated to
intervention (n=37)

Enrollment

5-MTHF
Allocated to
intervention (n=36)

DHA+EPA/5-MTHF
Allocated to
intervention (n=36)

Follow-Up I (6 mo)

Examined (n=37) Examined (n=32) Examined (n=35) Examined (n=36)
@ Lost to follow-up @ Lost to follow-up @ Lost to follow-up @ Lost to follow-up
(n=0) (n=4) (n=1) (n=2)

l l Follow-Up II (20 mo) l l

Examined (n=32) Examined (n=24) Examined (n=30) Examined (n=32)
B Lost to follow-up # Lost to follow-up (n=7) B Lost to follow-up & Lost to follow-up
(n=5) 8 Excluded from (n=5) (n=4)

analysis (autism) (n=1)

PLACEBO
Allocated to
intervention (n=38)

Figure 1: Numbers of enrolled subjects in Spain, numbers of subjects with
Bayley’s test at 6 and 20 months, and blood samples for fatty acids analysed
in mothers and cord blood. Seven subjects were excluded after recruitment for
not meeting inclusion criteria, a further seven were excluded during pregnancy
for non-compliance (n=7), seven were lost to the study from delivery up to 6
months and 21 were excluded at 20 months for loss of contact (n=21) and
autism (n=1).
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considered. Raw BSID scores for the mental and psychomotor scales,
Raw Mental Score (RMS) and Raw Psychomotor Score (RPS), based
on the number of items successfully completed, were converted to the
Mental Development Index (MDI) and Psychomotor Development
Index (PDI) standard scores according to the child’s age at the time of
testing. The MDI assesses memory, problem solving, discrimination,
classification, language and social skills. The PDI measures control of
gross and fine muscle groups, including walking, running, jumping,
pre-hension and imitation of hand movements.

The BSID score differences between 6 and 20 months of infant
age were standardised to a mean of 100 corresponding to the mean
of the raw scores (range 84-116), and standard deviation of 15 (one
standard deviation change) and of 30 (two standard deviation change).
Accordingly, three children subgroups were obtained: NC = No Change;

OSDC= One Standard Deviation Change; TSDC= Two Standard
Deviation Change. For the NC group, MDI mean scores were 104.94 +
8.61 and 108.39 + 8.53 points at 6 and 20 month, and PDI scores were
respectively 114.43 + 10.41 and 118.35 * 9.18 points. For the OSDC
group, MDI scores were 99.37 + 9.21 and 116.80 + 12.95 points at 6 and
20 month, and PDI scores were respectively 108.32 + 8.67 and 123.56 +
8.58 points. Finally, for the TSDC group, MDI scores were 94.73 + 7.18
and 123.07 + 11.37 points at 6 and 20 month, and PDI scores were 99.91
+ 10.46 and 131.55 + 10.66 points, respectively.

Fatty acid analyses from blood and breast milk and folate
analyses from blood

The procedures of these analyses have been extensively described
elsewhere [9]. In short, total lipid extraction from maternal and cord

FO (n=32) 5-MTHF (n=24) FO+5-MTHF (n=30) Placebo (n=32) P
Maternal age 28.8+5.2 30.7+£5.7 29.6+4.3 30.7 £3.9 n.s.
BMI 20th W 26.0 £ 3.6 249+25 253+28 247+23 n.s.
BMI 30th W 28.5+3.9 269+24 272+29 26.9+23 n.s.
Haematocrit 30th W 33.9+37 32.6+5.1 33.4+26 33.1+27 n.s.
Parity n.s.
0 19 (59.4%) 13 (54.2%) 18 (60.0%) 13 (40.6%)
21 13 (40.6%) 11 (45.8%) 12 (40.0%) 19 (59.4%)
Smoking in pregnancy 7 (21.9%) 5 (20.8%) 7 (23.3%) 4 (12.5%) n.s.
Gravidity risk (20 W) n.s.
No risk factors 6 (18.7%) 6 (25.0%) 8 (26.7%) 11 (34.4%)
21 risk factors 26 (81.3%) 18 (75.0%) 22 (73.3%) 21 (65.6%)
Delivery risk n.s.
No risk factors 13 (40.6.2%) 11 (45.8%) 13 (43.3%) 20 (62.5%)
21 risk factors 19 (59.4%) 13 (54.2%) 17 (56.7%) 12 (37.5%)
Weeks of gestation 38.9 (1.51) 38.8 (1.6) 38.7 (2.1) 39.4 (1.4) n.s.
Sex n.s.
Female 15 (46.9%) 14 (58.3%) 13 (43.3%) 13 (40.6%)
Male 17 (53.1%) 10 (41.7%) 17 (56.7%) 19 (59.3%)
Perinatal morbidity n.s.
None 28 (87.5%) 21 (87.5%) 24 (80.0%) 28 (87.5%)
Preterm (>35 W) 2 (6.2%) 3 (12.5%) 5(16.7%) 0
Others 2(6.2%) 0 1(3.3%) 4 (12.5%)
Apgar 1 min 8.59 (1.4) 8.7 (2.0) 8.47 (1.7) 8.72 (1.1) n.s.
Apgar 5 min 9.66 (0.7) 9.3(2.1) 9.57 (0.8) 9.50 (1.8) n.s.
Birth weight 3331.9 £430.5 3284.8 + 384.9 3151.3 + 498.8 3403.2 + 382.3 n.s.
Birth length 50.9+1.9 50.8+1.6 50.5+2.8 50.8 +£2.0 n.s.
Birth head circumference 349+14 345+14 349+1.6 345.0+1.2 n.s.
Infant feeding n.s.
Breastfed 13 (40.6%) 7 (29.2%) 11 (36.7%) 14 (43.7%)
Mixed 8 (25.0%) 8 (33.3%) 8 (26.6%) 6 (18.8%)
Formula 11 (34.4%) 9 (37.5%) 11 (36.7%) 12 (37.5%)
Duration of breastfeeding (months) 3.2+25 28+26 3.6+27 3.6+28 n.s.
Residence area (%) n.s.
City area 10 (31.2%) 12 (50.0%) 10 (33.3%) 5 (15.6%)
Farm area 22 (68.8%) 12 (50.0%) 20 (66.7%) 27 (84.4%)
Maternal education ' 8 (25.0%) 10 (41.7%) 14 (46.7%) 11 (34.4%) n.s.
Paternal education’ 9 (28.1%) 8 (29.2%) 6 (20.0%) 7 (25.0%) n.s.

Results are expressed as mean + SD, median (interquartile range) or n (%) for continuous and categorical variables respectively.
n.s. -P>0.05; FO - fish oil; 5-MTHF: 5-methyltetrahydrofolate; WG- Weeks of Gestation; BMI- Body Mass Index; 'n (%)- general qualification for university entrance or

university degree

Table 1: Baseline characteristics of individuals in the 4 intervention groups (at 20 months of infant’s age).
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blood plasma was performed according to the method of Kolarovic
and Fournier [44] and lipids from breast milk were extracted as
described before [14]. The analysis results of fatty acids were expressed
as percentages by weight (wt %) of total detected fatty acids. Folate
analyses in blood and plasma was performed by microbiological assay
with the use of a chloramphenicol resistant strain of Lactobacillus casei
as described previously [45]. Total homocysteine (tHcy) concentrations
in plasma were measured by HPLC with fluorescence detection [46]. For
all assays, samples were analysed blind, within 18 months of collection
and quality control was provided by repeated analysis of stored batches
of pooled samples covering a wide range of values. Intra- and interassay
coeflicients of variation were <11% for folate and < 2.5% for tHcy.

Statistical analysis

Power calculation showed that the size of the remained study groups
(infants at 6 and 20 months of age) allowed a detection of 1.0 SD points
of difference in BSID scores (PDI and MDI) with a Type I error of 0.05
and a statistical power of 85%. Variables were assessed for normality
using Kolmogorov-Smirnov or Shapiro-Wilk tests. Descriptive results
were expressed as means with standard deviation or, in non-normal
data, as median and interquartile range.

In order to test whether several confounders differed between the
study groups, a set of potential confounders (maternal age, gravidity,
parity, delivery mode and maternal smoking in the 20th and 30th
week of gestation, and others) were included one by one in the models
as dependent variables and study group as exposure (Table 1). Since
none of the potential confounders differed among study groups, it is
confirmed that main analyses on the effect of the intervention on the
study outcomes do not need to adjust for any of these confounders,
as expected when the study design and randomization was worked

properly.

The main analyses of this study relay on testing differences among
the different study groups. When comparing two groups, Student t was
used for normally distributed data, while when comparing 3 or the
main 4 groups in normally distributed data ANOVA test was used. For
non-parametric data, the Kruskal-Wallis and Mann-Whitney U test
were applied. Effect size of intervention was assessed using Cohen’s d
(standardized mean difference) and 95% confidence interval. Taking
into account the cut-off values established by Cohen, the effect size (d)
can be small (~0.2), medium (~0.5) or large (~0.8). All computations
were performed using SPSS statistical program, version 20.0, (SPSS Inc.
Chicago, USA); a P value < 0.05 was considered statistically significant.

Results

Participants’ characteristics and how they relate to study
outcomes

Out of the 154 infants recruited, 118 completed the whole study
up to 20 months of age (Figure 1). There were no differences in the
dropout rates between intervention groups. There were no differences
concerning baseline characteristics between followed children from the
different intervention groups (Table 1). Mean dietary intake of DHA
of the participating women was similar in all intervention groups at
the 20th and the 30th week of pregnancy. The four groups of mothers
did not significantly differ in any anthropometric variables during
pregnancy or in peripartal maternal or fetal complications or birth
outcomes at delivery, and there were no differences in the confounders
analysed (Table 1) (results reported by Krauss-Etschmann et al. [30].

The study population characteristics in association with BSID

score difference between infant age at 6 and 20 months are presented
in Table 2. This model explains 84% of the variation of the psychomotor
development. The MDI at 20 months was related to maternal age, and an
improvement in MDI of one or two standard deviations was observed
in children whose mothers were < 35 years old at delivery (P=0.006).

Primary outcome: Effect of FO and folic acid supplementation
during pregnancy on BSID scores at 6 and 20 months of life

No significant differences in the psychomotor (PDI) and Mental
Development (MDI) scores of infants at 6 and 20 months of life were
found as a function of the type of supplementation received by their
mother (Table 3). At 6 months of age infants’ MDI scores were similar
in all 4 study groups (p = 0.8), with statistically non-significant small
effect sizes (Cohend < 0.2). PDI scores at 6 months were similar in
the 4 supplemented groups (p = 0.4), with the effect sizes of medium
to small (Cohend= 0.4 - 0.09). When dividing the four study groups
into 2: FO and no FO supplementation, there was still no effect of the
supplementation on infant’s MDI and PDI scores (p = 0.6 and p = 0.7,
respectively), with statistically non-significant small effects (respective
Cohend= 0.1, C.I. -0.24; 0.43, and Cohend= 0.08, C.I. -0.26; 0.41)
(Table 3).

At 20 months of age the infants’ MDI scores were also similar in all
4 study groups (p = 0.7), with statistically non-significant medium to
small effect sizes (Cohend= 0.3 - 0.13). PDI scores at 20 months were
as well similar in the 4 supplemented groups (p = 0.7), with statistically
non-significant small effect sizes (Cohend< 0.02). When dividing the
four study groups into 2: FO and no FO supplementation, there was still
no effect of the supplementation on infant’s MDI and PDI scores (p =
0.4 and p = 0.3, respectively), with statistically non-significant the small
effects (respective Cohend= 0.14, C.I. -0.22; 0.51, and Cohend= 0.18,
C.I -0.18; 0.55) (Table 3).

Secondary outcomes: Influence of FO and folic acid supplementation
on blood PUFAs and folate levels during pregnancy and at delivery, and
on PUFASs in breast milk

Atthe moment of entering the study (pregnancy week 20), all women
allocated to different supplementation groups demonstrated similar
PUFAs and folates levels in the blood (Table 4, and Supplementary Table
1). Folate levels in the blood were influenced by different FO and/or
5-MTHEF supplementations in the second part of the pregnancy (week
30 and at delivery): whole blood folate and plasma folate levels were
higher in the 5-MTHF group and highest in the FO+5-MTHF group
when compared to solely FO supplemented and to placebo groups at
pregnancy week 30 and at delivery (Table 4). The levels of tHcy did
not seem to differ between the supplementation groups throughout the
pregnancy and at delivery (Table 4).

PUFAS, as expected and as we have reported in our previous
study [47], were increased during pregnancy, delivery and in cord
blood in the study group of FO supplementation; DHA being
significantly higher in the two groups where FO was received
(groups DHA+EPA; DHA+EPA+5-MTHF), meanwhile AA/DHA
and n-6/n-3 ratios being significantly lower during pregnancy week
30 and at delivery (Supplementary Table 1). These associations
were even stronger, when all FO supplemented women (groups
DHA+EPA & DHA+EPA+5-MTHF) were compared to women
with no FO supplementation (5-MTHF & Placebo), where DHA
levels were significantly higher and AA, AA/DHA and n-6/n-3
ratios were significantly lower in the FO supplemented group
at the second part of pregnancy and at delivery (see Table 5). At
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Bayley Scales performed at 6 months and 20 months
PDI MDI
NC osbc TSDC P NC osbc TSDC P
Maternal Age, [n | < 35y 14 (17.9) 28 (35.9) w@62) 8(9.9) 26 (32.1) 47(580) oo
: . .
(%)] > 35y 7(31.8) 10 (45.5) 5(22.7) 8 (36.4) 3(13.6) 11 (50.0)
EK“S'I:E)?“"V entry 257 4.0 252327 | 25729 | 077  251%30 256+33 | 255%29 086
<2 9 (20.0) 16 (35.6) 20 (44.4) 9 (18.0) 14 (28.0) 27 (54.0)
Gravidity, [n (%)] 2 9 (20.0) 1(37.8) 19 (42.2) | 0.82 5 (11.4) 11 (25.0) 28 (63.6) 0.3
>2 5 (28.0) 8 (44.4) 5 (27.8) 4(22.2) 8 (44.4) 6 (33.3)
<2 19 (19.4) 37 (37.8) 42 (42.9) 15 (15.0) 31 (30.0) 56 (55)
Parity, [n (%)] 2 3(37.5) 3(37.5) 2(25.0)  0.36 2(25.0) 2(25.0) 4 (50) 0.53
>2 1 (50.0) 1 (50.0) 0 1 (50.0) 0 1 (50)
Maternal smoking, | No 20 (22.5) 35 (39.3) 34(382) . 13(140) 28 (30.1) 52(559)
[n (%)] Yes 1(5.9) 6 (35.3) 10 (58.8) ' 4 (23.5) 5(29.4) 8 (47.1) '
None 0 0 1 (100) 0 1(100) 0
Elementary School 16 (23.2) 27 (39.1) 26 (37.7) 8 (11.3) 25 (35.2) 38 (53.5)
Maternal . .
Eduoational, [n (o)) GQ for University entrance 6 (18.2) 13 (31.7) 14 (42.4) | 066 | 10 (27.8) 5(13.9) 21(58.3)  0.09
University entrance 0 1(25) 3 (75) 0 1(33.3) 2 (66.7)
Other 0 0 0 0 0 0
None 1 (50.0) 0 1 (50.0) 0 1 (50.0) 1 (50.0)
Elementary School 14 (18.7) 29 (38.7) 32 (42.7) 14 (17.7) 22 (27.8) 43 (54.4)
Paternal . .
Edusational, [n (%) @ r University entrance 6 (22.2) 12 (44.4) 9(333) | 062 3(11.1) 7 (25.9) 17 63.0) | 0.51
University entrance 1(33.3) 0 2 (66.7) 1(33.3) 2 (66.7) 0
Other 0 0 0 0 0 0
None 10 (21.7) 15 (32.6) 21 (45.7) 4(8.9) 16 (35.6) 25 (55.6)
Apprenticeship 6 (21.4) 12 (42.9) 10 (35.7) 5(17.9) 11 (39.3) 12 (42.9)
Job training of ,
mother. [n ()] Master’s degree 1(25.0) 2 (50.0) 1(250) | 095 0 1(20.0) 4(80.0) 0.11
University degree 5 (18.5) 10 (37.0) 12 (44.4) 9 (30.0) 4(13.3) 17 (56.7)
Other 0 0 0 0 0 1 (100)
None 9 (19.1) 16 (34.0) 22 (46.8) 10 (20.4) 14 (28.6) 25 (51.0)
N Apprenticeship 5(19.2) 10 (38.5) 11 (42.3) 5(19.2) 7 (26.9) 14 (53.8)
#;E;a'[:"(‘% ;’]f Master’s degree 1(14.3) 4(57.1) 2(286)  0.94 1(14.3) 2(28.6) 4(571) | 091
' University degree 6 (25.0) 9 (37.5) 9 (37.5) 2(8.0) 7 (28.0) 16 (64.0)
Other 0 0 0 0 0 0
Gestational Age 39+ 16 392+15 | 389%14 | 071  388%20  392+14  389+14 066
(weeks)
Infant Gender 12111 17124 24120 0.48 8/10 15/18 32129 0.78
(female/male)
Birth Weight (Kg) 3324.8 £ 450.0 3367.6 £ 478.5 31‘52%%’! 0.09 3120.0+534.4 3247.8+486.7 33;%% 031
Birth Length (cm)’ 50.8+ 1.6 50.8 £ 2.0 500+1.8 | 0.1 50.4 + 2.4 50321 | 506+17 | 078
Birth Head
Circumference 34714 34713 344:15 06  343£13 347+15 | 34614 067
(em)
g‘i’r?;r score, 5 9.75(0.3) 9.76(0) 9.7 (0) 0.99 9.80(0) 9.72(1) 9.78 (0) 0.84
Umbilical cord 73101 7.20.1 73:01 | 057 7.2£0.1 7.30.1 7.30.1 0.15
artery pH

PDI - Psychomotor Development Index; MDI - Mental Development Index; P - level of significance; ‘mean * standard deviation; *Median (Interquartile range); BMI - Body

Mass Index

Table 2:Study population characteristics as a function of standard deviation increases in the Psychomotor Development Index (PDI) and Mental Development Index (MDI)
between the age of 6 and 20 months: NC = No Change;OSDC: One Standard Deviation Change;TSDC: Two Standard Deviation Change.

delivery, there were close correlations between mothers and their
offspring in AA/DHA ratios (r=0.622, P<0.001) and n6/n3 ratios
(r=0.30, P<0.005) (Supplementary Figures 1 and 2). As well, plasma
folate concentrations were closely correlated to their mothers’ at
delivery (r=0.59, P<0.001). PUFAS in the breast milk at week 8 after
the delivery did not statistically differ between the 4 differentially

supplemented study groups (Table 6). However, marginal significant
difference was found in AA/DHA ratios between the 4 study groups
(p = 0.06). Post-hoc analyses demonstrated that AA/DHA ratio was
borderline significantly lower in FO group when compared to the
placebo group (0.8 £ 0.3 vs. 1.2 £ 0.7, p = 0.057).
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Bayley Scales Scores at 6 months

Bayley Scales Scores at 20 months

MDI PDI MDI PDI
FO 97.4+84 108.6 £ 11.2 116.9+11.7 1234 £13.2
C.I1. 94.6;100.2 C.1.104.9;112.2 C.I.112.7;121.0 C.1.118.7;128.1
S-MTHF 98.2+10.5 106.3 £ 13.7 118.5+10.4 126.4 £10.2
C.1.94.4;101.9 C.I.101.4;111.2 C.l. 114.1;122.9 C.1. 122.1;130.7
96.1+6.7 105.1 £12.0 118.6 £ 14.9 122.9+13.8
FO+5-MTHF
C.1. 93.8;98.4 C.1. 100.9;109.3 C.1.112.9;124.3 C.1.117.6;128.2
97.1+78 109.1£9.6 120.5+13.8 124.7 £10.8
Placebo
C.1.94.5;99.8 C.1. 105.8;112.5 C.I. 115.5;125.5 C.1. 120.1;128.6
p-value 0.801 0.425 0.735 0.731
Effect size:
Cohen-d (C.l.)
’ 4 -0.04 0.09 0.28 0.1
vs.
(-0.51;0.43) (-0.38;0.55) (-0.21;0.78) (-0.39;0.60)
-0.12 0.27 0.16 -0.16
2vs. 4
(-0.61;0.37) (-0.22;0.76) (-0.37;0.69) (-0.70;0.37)
0.14 0.4 0.13 0.15
3vs. 4
(-0.34;0.62) (-0.08;0.89) (-0.38;0.64) (-0.37;0.66)
Combined groups Bayley Scales Scores at 6 months Bayley Scales Scores at 20 months
MDI PDI MDI PDI
96.8+7.6 106.9 £ 11.7 117.7 £ 13.3 123.2+134
Group 1: FO
C.l. 95.0;98.6 C.1. 104.2;109.6 C.1. 114.3;121.0 C.1. 119.8;126.5
97.6 £9.1 107.8 £ 11.7 119.6 £ 12.4 125.4 £10.5
Group 2: No FO
C.1. 95.4;99.9 C.1. 104.9;110.6 C.1. 116.3;122.9 C.1.122.6;128.2
p-value 0.565 0.66 0.409 0.316
Effect size:
Cohen-d (C.1.)
1 2 0.1 0.08 0.14 0.18
vs.
(-0.24;0.43) (-0.26;0.41) (-0.22;0.51) (-0.18;0.55)

Results are expressed as mean

Psychomotor Development Index

standard deviation; C.I. - 95% Confidence Interval; 5-MTHF - 5-methyltetrahydrofolate; FO - Fish Oil (women from DHA+EPA and
DHA+EPA+5-MTHF intervention groups); No FO - No Fish Oil Supplementation, women from 5-MTHF and placebo groups; MDI - Mental Development Index; PDI -

Table 3:Mental and Psychomotor Index Scores (BSID) at 6 and 20 months of age by maternal 4 supplementation groups, and 2 combined groups of Fish Oil supplementation/
no supplementation during pregnancy.

Supplementation group
Folates in the blood FO 5-MTHF FO+5-MTHF Placebo p-value
Pregnancy week 20
WBF (ug/L) 249.3 = 110.0 2438 + 1215 262.6 + 106.7 2716 + 158.7 0.78
Folate (ug/L) 13.7 + 8.2 13.9 + 19.2 12.7 £ 95 15.5 + 30.0 0.93
tHey (pmol/L) 56 £+ 1.0 58 + 1.3 55+ 1.0 59 + 22 0.53
Pregnancy week 30
WBF (ug/L) 180.8 +66.3 204.7 +£62.0 229.1+ 791 176.2 £ 73.9 0.006
Folate (ug/L) 6.8 + 3.4 104 + 28 1.5 + 3.9 6.2 + 3.0 <0.001
tHcy (umol/L) 6.1 + 1.2 54 %10 56 + 2.1 6.3 + 1.7 0.07
At delivery
WBF (ug/L) 160.9 + 64.6 219.2 £75.0 236.9 £72.3 161.6 +71.3 <0.001
Folate (ug/L) 89 + 15.8 11.9 + 5.1 12.8 + 6.2 53 +28 0.003
tHcy (umol/L) 6.4 + 1.9 55 + 1.4 57 + 13 6.4 + 2.1 0.07
Umbilical cord
Folate (ug/L) 15.5 + 6.1 139 + 54 159 + 6.6 126 + 4.7 0.051
tHey (pmol/L) 6.1 + 1.2 57 + 1.2 55 + 1.3 57 + 16 0.21

Results are expressed as mean + standard deviation. FO — Fish QOil; 5-MTHF — 5-methyltetrahydrofolate; WBF — Whole Blood Folate; Folate — plasma folate; tHcy — total

homocysteine

Table 4:Folates measured in the blood in women in 4 different intervention groups during pregnancy (weeks 20 and 30) and at delivery (maternal blood and umbilical cord

blood).
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FO supplemented No FO p-value
Pregnancy week 20
DHA (22:6n-3) (wt %) 59+1.8 6.3+2.2 0.28
AA (20:4n-6) (wt %) 6.2+1.2 6.1+1.1 0.93
AA/DHA ratio 48+1.1 48+1.3 0.94
n-6/n-3 ratio 1.0+£0.2 1.0+£0.3 0.61
Pregnancy week 30
DHA (22:6n-3) (wt %) 7719 58+1.0 <0.001
AA (20:4n-6) (Wt %) 52+07 54+09 0.15
AA/DHA ratio 35%+1.0 45+09 <0.001
n-6/n-3 ratio 0.7+0.2 0.9+0.2 <0.001
At delivery
DHA (22:6n-3) (wt %) 75+17 59+1.6 <0.001
AA (20:4n-6) (Wt %) 51+0.8 54+1.0 0.04
AA/DHA ratio 3.6+1.1 46+1.2 <0.001
n-6/n-3 ratio 0.7+0.2 1.0+£0.3 <0.001
Cord blood
DHA (22:6n-3) (wt %) 9.8+22 9.0+22 0.02
AA (20:4n-6) (wt %) 102+1.4 108+1.3 0.02
AA/DHA ratio 23+06 25+06 0.06
n-6/n-3 ratio 1.1+£0.3 1.2+0.3 0.003

Student T-test performed; Results are expressed as mean + standard deviation
; FO — fish oil (DHA+EPA); DHA — docosahexaenoic acid; AA — arachidonic acid;
n-6 — plasma phospholipid polyunsaturated fatty acids of n-6 group; n-3 — plasma
phospholipid polyunsaturated fatty acids of n-3 group

Table 5: Plasma phospholipid polyunsaturated fatty acids (PUFAs) (mg/dL) in Fish
Qil supplemented and no Fish Qil supplemented groups during pregnancy (weeks
20 and 30) and at delivery (maternal blood and umbilical cord blood).

Supplementation group

FO 5-MTHF | FO+5-MTHF | Placebo |p-value
EPA (20:5n-3) (Wt %) | 0.6+0.6 | 0.5+0.6 08+1.1 |0.8+08 049
DHA (22:6n-3) (Wt %) | 1.2+1.0 | 0.8+ 0.4 1.0+04 08+05 0.13
AA (20:4n-6) (wt %) 0.8+0.2 0.8+0.3 08+0.2 |0.7+0.2 0.77
AA/DHA ratio 08+03  1.1+05 1.0+0.6 |1.2+0.7 0.06

Results are expressed as mean + SD — standard deviation, and as percentages by
weight (wt %) of total detected fatty acids. FO — fish oil; EPA — eicosapentaenoic
acid; DHA — docosahexaenoic acid; 5-MTHF — 5-methyltetrahydrofolate; AA —
arachidonic acid

Table 6:Breast milk phospholipid polyunsaturated fatty acids (PUFAs) in the 4
intervention groups.

Exploratory outcomes: Comparison of BSID scores at 6 and
20 months as a function of LC-PUFAs and folate levels in
mothers and neonates at delivery

Although no significant differences in BSID scores at 6 and 20
months were observed among the four/and two supplementation
groups, PDI scores at 20 months were higher in infants whose mothers
had plasma phospholipid DHA concentrations above the median
(1151 mg/dL) at delivery (>P50): 122.80 (9.20) vs. 126.20 (12.50)
(P<0.045), and n6/n3 ratio < median values (< P50): 127.40 (10.90) vs.
122.0 (11.10) (P<0.045) (Table 7). Mothers with DHA concentrations
in plasma phospholipids above the P50, had an average of DHA intake
higher than 44, 20 g/daily, and represented the 39.3% of the whole
group of the Spanish pregnant women studied.

Furthermore, infants whose mothers had a higher concentrations
of DHA in plasma phospholipids at delivery, showed a significant
improvements in the standard deviations obtained in the Bayley PDI
from 6 to 20 months, which resulted in one or two standard deviations

higher than those infants born to mothers with lower concentrations of
these fatty acids (Increases in standard deviations of BSDI Psychomotor
Development index, between 6 to 20 months of age, as a function of
maternal DHA in plasma phospholipids at delivery: 10.37 + 3.15 mg/dL=
no change in PDI; 11.94 + 3.76 mg/dL= one standard deviation of change
in PDI; 13.46 + 4.44 mg/dL = two standard deviations of change in PDI).

Infants with higher folate levels in umbilical cord (>P50)
demonstrated higher MDI scores at 20 months of age than infants with
folate levels at birth below the median (<P50), 120.26 (9.27) vs. 115.10
(11.71) (P<0.026). Mothers with folic acid levels in plasma above the 50
percentile showed a daily intake of folate > 318 pg/day. 74% to 79% of
the pregnant women showed folate deficiency during pregnancy folate
levels in plasma <15 pg/L (7 nmol/L).

Discussion

The data from this current randomized clinical trial does not show
any statistically significant effect of maternal FO and/or folic acid
supplementation on infant psychomotor and mental development at 6
and 20 months of life. However, as expected, the folate and fatty acid
levels during pregnancy and at delivery were positively influenced by
the FO and/or folic acid supplementation, which positively associated
with child’s neurodevelopmental scores at 20 months of age.

r:;?:: z(:::\zsr; Bayley Scales at 6 months | Bayley Scales at 20 months
Per f:nt"e MDI PDI MDI PDI
DHA <P50 [96.7+82| 108.1+12.0 | 121.0+12.9 | 1228%9.2
(22:6n-3) |  >p50 | 98.1+85| 107.2+11.2 | 117.6+11.6 | 126.9 £ 12.5'
AA <P50 |96.7+7.3| 109.0+11.5 |120.0+13.3 | 125.7 +11.8
(20:4n-6)|  >p50 | 98.3+9.3| 1064 +11.6 | 1184+ 11.4 | 124.1+10.8
AADHA | <P50 [975+85| 107.6+11.7 | 120.8+12.2 | 126.1+11.6
ratio >P50 | 97.2+85| 107.6+11.8 | 116.8+12.3 | 123.2+10.8
gg’o”'3 <P50 |97.4+80| 106.9+11.0 | 119.9 +12.7 | 127.4%10.9
>P50 | 97.2+87 | 1085+11.9 | 118.4+11.9 | 122.0 £ 11.1*
Folate <P50 [97.3+9.8| 1089+12.4 | 1155+11.6 | 124.9+10.5
>P50 |97.9+8.1| 1054+11.4 | 119.3+10.4 | 1253+ 11.0
Cord blood PUFAs/ Bayley Scales at 6 Bayley Scales at 20
Folate status months months
MDI PDI MDI PDI
DHA <P50 [959%9.1| 1057%11.7 | 119.1+12.9 | 123.0+11.6
(22:6n-3)|  >p50 |98.7£7.1*| 109.5%10.9* | 119.2 +13.2 | 126.0+12.3
AA <P50 |97.0+9.8| 1059+12.0 | 119.4+14.1 | 1245+ 131
(20:4n-6) |  >p50 | 97.5+6.9 | 109.0+11.0 | 118.7+12.0 | 1245+ 11.0
AA/DHA <P50 |97.5+7.8| 108.6+10.5 | 118.8+13.7 | 1252+ 14.8
ratio >P50 | 97.0+9.0 | 106.7+12.0 | 1202+12.3 | 123.6+85
?;Sén-e, <P50 |97.7+7.4| 1080+11.2 | 117.9+13.6 | 124.5+15.0
>P50 | 97.0+9.1| 107.1+11.6 [ 1204 +124 | 1244+79
Folate <P50 |98.0+9.9| 107.6+12.9 | 1151%£11.7 | 124.1+10.7
>P50 | 96.9+7.4 | 106.6+10.5 | 120.3£9.3 | 1259+ 10.5

Analysed fatty acid and folate values were grouped as < or > median 50- percentile
(< P50 or >P50). Results are expressed as mean * standard deviation. *: P<0.05;
#: 0.06>p>0.05.

DHA — docosahexaenoic acid; AA — arachidonic acid; Folate — plasma folate levels;
n-6 — plasma phospholipid polyunsaturated fatty acids of n-6 group; n-3 — plasma
phospholipid polyunsaturated fatty acids of n-3 group; MDI — mental development
index; PDI — psychomotor development index

Table 7: Mental and Psychomotor Index Scores (BSID) at 6 and 20 months as a

function of maternal and neonate plasma phospholipid polyunsaturated fatty acids
(PUFAs) and folate at birth: < or > median (P50 or >P50).
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The findings of the current study of no effect of prenatal FO and/
or folic acid supplementation on neurodevelopment outcome assessed
by Bayley scores at the age of 6 and 20 months does not preclude a
beneficial or non-beneficial effect of prenatally acquired FO and/or
folic acid on neurodevelopment outcome at a later age. In fact, longer
follow-up studies of FO supplementation during pregnancy do provide
positive influence of the supplementation on child’s neurodevelopment
later in life [14,19,22]. Our study results are in line with previous
studies. Tofail et al. demonstrated that FO or soy oil supplementation
during the last trimester of pregnancy on psychomotor and mental
development of infants at 10 months of age resulted no significant
group differences with respect to infant Bayley’s MDI and PDI scores
[24]. Another group showed that DHA and AA supplementation
during pregnancy and lactation did not influence neurodevelopment
at toddler age; however, perinatal DHA and AA status were related
to developmental outcomes at 18 months [25]. Also Bouwstra et al.
reported significant association between umbilical cord fatty acid
composition and neurodevelopmental status at 18 months, and no
Bayley test score differences between breast-fed, formula-fed, and LC-
PUFA formula-fed children [11,48]. Furthermore, the previous papers
based in the assessment of the NUHEAL children at 5.5 [23] and 6.5
years old [24], about psychomotor and cognitive performance, have
not shown either any statistical difference in the neurological outcomes
due to the type of maternal supplementation given during pregnancy.
However, even up to 6.5 years later the same positive effect of higher
maternal concentrations of DHA at delivery and perinatal folate levels
has been shown to be associated to a better neurodevelopmental
scoring. Further, a recent study by Mulder et al. [49] demonstrate that
language development is robustly constrained risk at different ages
and with different tests in infants born to women consuming about
5% energy from linoleic acid, 0.59% energy as a-linolenic acid and 85
mg/d DHA. They conclude that infants of women following typical
western diets have risk for DHA insufficiency, which may be reduced
by increasing the maternal DHA intake.

In the current study, we clearly see the effect of FO and/or folic
acid supplementation on the blood LC-PUFAs and folates levels in
the second part of the pregnancy and at delivery. Nevertheless, no
significant effect of FO/folic acid supplementation during pregnancy on
breast milk LC-PUFAs levels 2 months after the delivery was detected.
Regarding the positive effects of supplementation on blood folate levels,
interestingly the mixed supplementation group (women who received
FO+5-MTHEF) presented the best plasma folate and whole blood folate
levels during pregnancy, delivery and in infants (cord blood), being
even better than the pure 5-MTHF group. While plasma PUFAs levels
were in the mixed group as good as in women solely receiving FO. The
link between folate and plasma and tissue fatty acid composition has
been suggested [28,30], which could explain the beneficial effect of
mixed supplementation on blood PUFAs and folate levels hypothesized
in the NUHEAL study design.

The approach obtained in the present study is that not only
the suggested beneficial effects of DHA have been shown, but also
those seen from folate. The special design of the NUHEAL study has
permitted to show that the supplementation of both nutrients seems
to be beneficial for brain development, although in different ways:
n-3 LC-PUFAs seems to be more related to neuro psychomotor
development and folate to mental development in these early stages
of life. Furthermore, mothers with higher DHA levels at delivery have
babies with higher speed of neuro psychomotor development from 6
to 20 month of age than mothers with lower DHA values. These results
permit to suggest that high levels of DHA at delivery has an effect on the

Bayley scores, but also on the velocity of the psychomotor development
and so, the velocity of brain maturation; this effect is supposed to be
related to a better neuropsychological and cognitive outcomes later in
life. Nevertheless, further studies on a bigger sample size are needed
before any strong conclusions could be drawn.

The analysed groups in the current study were rather limited,
meaning that the study is not strongly powered in order to provide
any conclusive results of the maternal supplementation on infants
later neurodevelopment. In addition, not including the genotype
assessment of enzymes that influence LC-PUFA synthesis and/or folate
metabolizing pathway may have reduced the sensitivity and precision
of detecting the effects of dietary DHA/folate supply [5]. Further, we
cannot rule out the possibility that lifetime nutrient status and maternal
stores may be more important for long-term maternal fatty acid and
folate statuses than is supplementation during the second half of
pregnancy. Future research should consider short-and-long term effects
of LC-PUFA and/or folate status prior to and during pregnancy and
lactation together with the genotype data in big cohort studies [4].

In conclusion, the results of the current study do not provide direct
evidence of a beneficial effect of FO and/or folic acid supplementation
during the second half of pregnancy on neurodevelopment in infants
at 6 and 20 months of age, regardless of their positive influence on
blood PUFAs and folate levels. However, prenatal PUFAs, especially
DHA, and neonate folate levels might have a positive effect on child’s
neurodevelopment and in the velocity of achieving the improvements
between 6 to 20 months of age.
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