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A B S T R A C T

Background: The prenatal exposure to maternal n-6 and n-3 polyunsaturated fatty acids (PUFAs) might influence
the development of social competence and internalizing and externalizing behaviours of the child, because of the
numerous functions of PUFAs within the nervous system.
Methods: To analyse the association of selected maternal PUFAs (i.e., AA, EPA, DHA, total n-6, total n-3, and the
n-6:n-3 ratio) measured during gestation with childhood social competence and problem behaviours, we ex-
amined 311 mother-child pairs from the Maastricht Essential Fatty Acid Birth (MEFAB) cohort. For each woman,
PUFA-specific changes in relative concentrations were calculated by identifying the best-fitting curve of PUFA
concentration by linear splines of gestational age. The associations of changes in maternal PUFAs in early and
late pregnancy with childhood social competence, total problems, internalizing and externalizing behaviours,
measured with the Child Behaviour Checklist 4/18 at age 7, were investigated with linear regression analyses
adjusted for maternal and children's socio-demographic characteristics.
Results: In late gestation (i.e., from gestational week 30), an increase in AA was associated with higher social
competence, while a decrease in total n-6 was associated with lower externalizing behaviours. No other sig-
nificant associations were found.
Discussion: In this prospective study, increasing maternal AA and decreasing total n-6 were associated with
improved social competence and externalizing behaviours, respectively, in 7-year old children. Nonetheless, the
clinical significance of the identified associations is modest and further investigations are warranted to clarify
the relationship between maternal AA and total n-6 during pregnancy and childhood social and behavioural
development.

1. Introduction

Social competence is a multidimensional trait that includes the
ability to interact with other people and manage different situations

[1]. Lower social competence is tightly related to internalizing (which
includes extreme emotional reactions) and externalizing (which in-
cludes aggressive reactions) problem behaviours [2,3], with emotion-
ally distressed or aggressive children often being socially incompetent
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[4]. Both a lack of social competence and the presence of problem
behaviours can have deleterious effects for the individual and the so-
ciety, including a higher risk for psychiatric disorders and delinquency
during adulthood [4–7]. Since an early identification of at-risk children
might have substantial public health benefits, the perinatal environ-
ment, which might play a central role in shaping future behaviour [8],
is receiving increasing attention.

Inadequate amounts of polyunsaturated fatty acids (PUFAs) during
brain development may be associated with a suboptimal neurological
performance. Specifically, the long-chain PUFAs (i.e., the n-6 arachi-
donic acid, AA, and the n-3 eicosapentaenoic acid, EPA, and doc-
osahexaenoic acid, DHA) are involved in processes necessary for brain
development, including neuronal maturation and synaptic functions
[9–15].

Because of the brain growth spurt in late gestation [16], most stu-
dies have analysed PUFA concentrations in the umbilical cord blood in
an attempt to examine their associations with child problem behaviours
[17–19]. Published results are, however, inconclusive, and the asso-
ciation of these fatty acids at birth with childhood behaviour is still
unclear. Besides, even early-pregnancy PUFA availabilities might have
an influence on the foetus’ developing brain [20,21], since all neuronal
structures form during the embryonic stage [16]. Nonetheless, early-
and mid-pregnancy maternal long-chain PUFAs in relation to problem
behaviours and emotional problems at 6 years of age have been ana-
lysed only in one cohort [22,23]. Higher maternal plasma DHA con-
centrations in mid-pregnancy were associated with less emotional
problems [22]; however, only a marginally significant association was
observed when analysing DHA concentrations in early pregnancy [23].
Moreover, mid-pregnancy AA concentrations were positively associated
with problem behaviours in the same population of children [22].

Contrarily to problem behaviours, the development of social com-
petence has been studied less extensively: to our knowledge, no studies
have been published examining the potential association of prenatal
maternal PUFA status with social competence development in humans.
Nonetheless, an animal study reported that piglets whose mothers were
fed a DHA-rich diet during pregnancy showed more social activities and
played more, compared to piglets whose mothers were fed an oleic acid-
rich diet [24]. Since pigs are considered good models for human nu-
trition and neurobiology [25], we hypothesised that higher maternal
PUFAs during pregnancy might be associated with improved social
competence in children as well.

The Maastricht Essential Fatty Acids Birth (MEFAB) cohort has
collected extensive data on maternal PUFA concentrations during all
trimesters and at delivery, which can be used as a proxy for the child's
prenatal fatty acids exposure [26]. Consequently, this birth cohort of-
fers the unique opportunity of examining in a longitudinal fashion the
association of maternal plasma phospholipids over the course of preg-
nancy with child development.

The main objective of the present study was to analyse the asso-
ciation between the change in selected maternal PUFAs (i.e., AA, EPA,
DHA, total n-6, total n-3 concentrations and n-6:n-3 ratio) during
pregnancy with childhood social competence and problem behaviours
measured with the Child Behaviour Checklist. Given the previously
highlighted functions that these PUFAs have in children's neurological
development, we hypothesised that each of them would be in-
dependently associated with social competence and problem beha-
viours. Previous studies showed that all PUFAs’ relative concentrations
during pregnancy undergo a physiological reduction, which could be
modulated by maternal dietary PUFA intakes [27]. We, therefore, hy-
pothesised that a smaller reduction in AA, EPA, DHA and total n-3
concentrations during pregnancy would be associated with improved
childhood social competence and problem behaviours. Considering the
complementarity between total n-3 and total n-6, we hypothesised that
a reduction in total n-6 or n-6:n-3 ratio would be associated with better
outcomes in children.

Contrarily to the previously published literature, in which single

measurements of maternal PUFAs during pregnancy were used to pre-
dict childhood outcomes, in the present study we calculated the subject-
and PUFA-specific change in relative concentrations by modelling
subsequent measurements of maternal PUFA concentrations in plasma
phospholipids. We therefore obtained subject- and PUFA-specific var-
iations in concentration in two gestational periods (i.e., early and late).
This novel approach allows a greater control for random variations in
PUFA concentrations and provides a more accurate representation of
foetal exposures to maternal fatty acids [28].

2. Materials and methods

2.1. Study population

The MEFAB cohort is a prospective birth cohort established in 1989
in the southern part of the Netherlands. MEFAB's main aim was to
analyse the variations in maternal PUFA concentrations during preg-
nancy and their correlations with infants’ fatty-acid concentrations and
with various birth outcomes. Details of the study population and the
data collection have been previously reported [29]. Briefly, between
1989 and 1995, 1203 pregnant women were recruited. In this period,
maternal blood samples and socio-demographic data were collected as
described in Sections 2.2, 2.3 and 2.4 below. A follow-up study was
conducted when the children were 7 years old (1997–2000). Seven
hundred and fifty children were eligible, of whom 421 (56%) even-
tually participated. Children were excluded from participation in this
study if less than 2 maternal blood samples were collected over the
course of pregnancy or at delivery, or if no information on child pro-
blem behaviours was obtained, resulting in 311 mother-child pairs in-
cluded in the present analysis. The study was approved by the Medical
Ethics Committee, University Hospital, Maastricht/ University of
Maastricht, Netherlands.

The non-response analysis revealed that participating women had a
lower body mass index (BMI) at study entry compared to non-partici-
pants (median: 22.85 kg/m2, IQR: 21.48; 25.10 in participants vs.
23.43 kg/m2, IQR: 21.27; 26.18 in non-participants; p=0.024).
Furthermore, a higher birth weight of participating children compared
to those non-participating (3347.39 g, SD=514.70 vs. 3197.42 g,
SD=579.92; p<0.001). However, no other significant differences were
found in other sociodemographic characteristics, including gestational
weight gain, smoking status, pregnancy outcomes (i.e., birth weight by
gestational age) and parity. Furthermore, no differences were found in
total n-6, total n-3 or the n-6:n-3 ratio between women included and
excluded from the current study (table S1, Supplementary material).
Hence, selection bias was not expected to be an issue.

2.2. Maternal PUFAs

Maternal blood samples were collected during clinic visits before
week 16 of pregnancy (mean: 10.49; SD: 2.74 weeks), around week 22
(21.99±1.32 weeks), around week 32 (31.96±0.91 weeks), and at
delivery (39.18± 1.80 weeks) to measure the phospholipid fatty acids
profile as previously described [30,31]. Briefly, maternal venous blood
samples were collected into tubes containing ethylenediaminete-
traacetic acid (EDTA) to prevent coagulation. Plasma was, then, sepa-
rated from erythrocytes by centrifugation before being stored at−80 °C
under nitrogen. A modified Folch extraction [32,33] was used to pre-
pare total lipid extracts from 100μl plasma samples after addition of L-
α-Dinonadecanoyl lecithin as internal standard to calculate the absolute
fatty acid amounts (mg/L). Aminopropyl-bonded phase columns were
used to separate phospholipids from the total lipid extract. The fatty
acid constituents of the phospholipids were transmethylated to the
corresponding methylesters, which were separated and quantified on a
nonpolar CP-Sil 5 CB column (Chrompack, Middelburg, The Nether-
lands). All analysed PUFA concentrations were expressed as weight
percentages (weight of fatty acids measured against total fatty acids

E.C. Tore, et al. Prostaglandins, Leukotrienes and Essential Fatty Acids 144 (2019) 1–9

2



present; wt%). For the purpose of the present analysis, plasma phos-
pholipids were preferred over erythrocytes, because they are con-
sidered to be better indicators of recent PUFA intakes or mobilisation
[30,34,35].

All assayed n-6 PUFAs and n-3 PUFA concentrations were summed
up to calculate the total n-6 and n-3 PUFAs, respectively. Furthermore,
the total n-6 and the total n-3 were used to compute the n-6:n-3 ratio.
More details regarding the specific PUFAs included can be found in
table S2 (Supplementary materials). Measures of variation in the con-
centration of AA, EPA, DHA, total n-6, total n-3 and n-6:n-3 ratio during
pregnancy were used as exposures in the main analysis (see
Sections 2.5.2 and 2.5.3), given these PUFAs’ hypothesised roles in
foetal brain development [9–15,20] and previously hypothesised as-
sociations with childhood problem [17–19,22,23].

2.3. Child behaviour checklist

The Dutch version of the Child Behaviour Checklist (CBCL) 4/18
was used to assess children's social competence and problem behaviours
as perceived by their parents [36–38]. The CBCL has demonstrated
good psychometric properties, reliability and validity [39,40]. The so-
cial competence scale of the CBCL 4/18 consists of 20 items grouped
into three subscales: social skills, activity engagement and school
functioning (i.e. academic performance, and academic and other pro-
blems in school). Furthermore, three aspects of problem behaviours can
be assessed through the CBCL: 1) internalizing problems, which consists
of the social withdrawal, somatic complaints and anxiety/depression
scales; 2) externalizing problems, which comprises the delinquent be-
haviour and aggressive behaviour scales; and 3) total problems, which
is the sum of the internalizing and externalizing scales, together with
additional syndrome sub-scales focused on social, thought, attention
and sex problems. Elements of the social competence scale can be
scored 0–1, 0–2 or 0–3, with increasing scoring corresponding to higher
competence, while each item of problem behaviours scales can be
scored 0–2, with higher scores corresponding to greater problem be-
haviours. To allow comparability between studies, raw scores are
usually converted into age-standardised T-scores (with a mean of 50
and a standard deviation of 10). This study assessed the T-scores for the
social competence, total problem, internalizing and externalizing
scales. High social competence T-scores (i.e., over 40) denote a normal
development, while for total problems, internalizing and externalizing
behaviours higher T-scores (i.e.,more than 63) indicate clinical levels of
symptomatology.

2.4. Covariates

Information about maternal age, BMI, smoking during pregnancy
(yes/no) and parity (primipara/multipara) was recorded by hospital
staff at study entry. Data on child's sex and birth weight (in grams) were
recorded by hospital staff at delivery. Gestational age at birth (in
weeks) was calculated from the date of the last menstrual period. Data
regarding breastfeeding (exclusive breastfeeding, bottle feeding, or
combinations) were collected by means of questionnaires at follow-up.
Due to a low number of mothers who reported to have exclusively
breastfed their children (n=21, 9.68%), this category was merged to
the combination category (i.e., breastfeeding and bottle-milk). Parents’
level of education was categorised into low, middle or high; the highest
category was chosen in case of discordance between parents [41].
Parents’ employment status was categorised as: both parents working
full-time, one working full-time while the other part-time, and both
working part-time. None of the parents reported being unemployed.
Children's weight and height were measured by research staff when
children were 7 years old. At follow-up, parents of 191 children
(61.41%) gave informed consent for the assessment of their children's
plasma PUFAs, which were measured following the same methodology
used to assay maternal PUFAs.

2.5. Statistical analysis

All statistical analyses were done in Stata v.14 [42], with the level
of statistical significance set at 0.05.

2.5.1. Descriptive statistics
Maternal and children's characteristics are reported as mean and

standard deviation (mean (SD)), median and interquartile range
(median (IQR)) or number and percentage (n (%)), as appropriate.
Maternal PUFA concentrations at each measurement time-point are
reported as mean (SD); to assess the differences between PUFA con-
centrations at different time-points, one-way analysis of variance
(ANOVA) and Bonferroni's post hoc tests were used. PUFA-specific
concentration changes in early and late pregnancy, calculated as ex-
plained in Section 2.5.2, are reported as mean (SD).

2.5.2. PUFA-specific concentration changes during pregnancy
Since maternal PUFA concentrations throughout pregnancy vary

following non-linear patterns, we estimated the best-fitting curve of
each fatty-acid concentration during gestation. To improve the pre-
diction, all women with at least one PUFA measurement during preg-
nancy were included (n=1285). First, we modelled PUFA concentra-
tions throughout pregnancy as a function of gestational age using linear
splines [28,43]. For each PUFA, we aimed at identifying a set of knots
that allowed the construction of the best-fitting curve. We selected one
knot per curve that was, then, used to define two periods during
pregnancy (i.e., early and late). The identified splines were used in
mixed-effect linear regression models with a random intercept for
mother and a random slope, allowing for individual variations of ma-
ternal fatty acids. Subject- and PUFA-specific slopes, calculated con-
sidering both the fixed and the random portions of the regressions, were
then extracted and used as main exposures in subsequent linear re-
gression analyses. These slopes represent the change in PUFA con-
centration in specific periods of pregnancy, as defined by the previously
identified knots.

2.5.3. Linear regression analyses
The associations of change in maternal fatty-acid concentrations

during pregnancy with social competence and problem behaviours
were analysed by means of linear regression analyses. Two models were
constructed. First, we tested the crude, non-adjusted associations; then,
we adjusted for the following a priori selected variables based on pre-
vious studies of perinatal PUFAs and child problem behaviours
[18,19,22,23]: maternal age, smoking during pregnancy, maternal BMI
at study entry, parental educational level, parental employment status,
parity, breastfeeding, child's sex and age at assessment. Furthermore,
the measured PUFA concentration at the beginning of pregnancy was
introduced into the model as a proxy for maternal habitual PUFA status.
The interaction of maternal PUFA with child's sex was also examined.
Since relative PUFA concentrations were used, no additional controlling
for other fatty acids was applied.

For ease of interpretation of statistically significant results, we used
the MIMRGNS [44] command in Stata to predict children's scores in
social competence and problem behaviours at the 5th, 25th, 50th, 75th
and 95th percentiles of maternal PUFAs’ change during late pregnancy,
while keeping constant all other variables – including the same PUFA's
variation in early pregnancy.

To reduce bias due to missing values, multiple imputation of missing
covariate data was performed. Fifty imputed datasets were generated
using the multiple imputation of chained equation (MICE) method [45].
To increase the precision of the imputation, all outcomes, exposures,
and confounders were included in the imputation model, together with
additional auxiliary variables- i.e., weight gain during pregnancy,
pregnancy outcomes, day-care attending, delivery mode, gestational
age, birth weight, postpartum depression, child's BMI and waist-to-hip
ratio at follow-up, and child's PUFAs at follow-up. The appropriateness

E.C. Tore, et al. Prostaglandins, Leukotrienes and Essential Fatty Acids 144 (2019) 1–9

3



of the imputation model was confirmed by comparing the distribution
of imputed values with that of observed values [46]. Furthermore,
complete-case analyses were performed by including only participants
with no missing values on any confounding factor.

Sensitivity analyses were performed to assess the robustness of the
results: 1) birth weight and gestational age, 2) maternal postpartum
depression, and 3) child's BMI and PUFAs at follow up were included in
the adjusted the model separately to evaluate their effect on the coef-
ficients for maternal PUFAs.

In a secondary analysis, we examined the associations between each
PUFA, measured at 10, 22, 32 and 40 weeks of gestation, with social
competence and problem behaviours to allow for an easier comparison
with previously published studies. All linear regressions were con-
trolled for the set of a priori confounding factors identified for the main
analysis.

3. Results

The study population's characteristics are reported in table 1. On
average, mothers were 29.70 (3.92) years old and were predominantly
non-smokers and primiparas. Children's mean T-scores were: 44.71
(8.62) for social competence, 50.70 (10.97) for total problems, 51.84
(10.34) for internalizing problems and 50.91 (10.42) for externalizing
problems.

Mean and standard deviation values for each PUFA concentration
are presented in table 2. Mean PUFA concentrations varied over the
course of pregnancy, with higher values found in the first or second
periods except for the n-6:n-3 ratio. The mean, linear changes in PUFA
concentrations in early and late pregnancy are shown in table 3. Higher

absolute values indicate a greater change in concentration, compared to
no change. The definition of early and late depends on the specific
PUFA's variation throughout pregnancy, and, therefore, on the selection
of the best knots for the linear splines’ construction. For AA and total n-
6, late pregnancy would start at week 30, for EPA at week 22, for DHA
at week 20, and for total n-3 and the n-6:n-3 ratio at week 10.

Tables 4–7 present the results of the linear regressions subdivided
by CBCL scale. In the unadjusted model, increasing DHA concentration
in early pregnancy was marginally significantly associated with social
competence (β=−37.67; 95% C.I.: −75.53, 0.19; p=0.051). In the
adjusted model, an increase in AA and in total n-6 in late pregnancy was
statistically significantly associated with social competence (AA:
β=25.13; 95% C.I.: 3.40, 46.85; p=0.024) and externalizing beha-
viours (total n-6: β=83.05; 95% C.I.: 18.19, 147.90; p=0.012), re-
spectively (table 4). No other statistically significant associations were
found (tables 4-7).

An increase in maternal plasma AA in late pregnancy (0.15 wt
%/week vs. −0.07 wt%/week, which correspond to the 95th and 5th
percentiles, respectively) is expected to result in 5.50-point higher so-
cial competence T-score, after controlling for previously identified
confounders (Fig. 1). Furthermore, a larger decrease in maternal plasma
total n-6 in late pregnancy (−0.12 wt%/week vs. −0.03 wt%/week,
corresponding to the 5th and 95th percentiles, respectively) is expected
to result in lower externalizing behaviours, with a drop of 8.20 points
compared to a smaller decrease in maternal plasma total n-6 con-
centration (Fig. 2).

When analysing the association between maternal AA and social
competence, there was some evidence of an interaction between AA in
late pregnancy and child's sex (p=0.033); however, after stratification
by child's sex, both associations were not statistically significant (results
not shown). Sensitivity analyses showed no changes in the coefficients
after the inclusion of several possible mediators to the adjusted model
(data not shown, available upon request).

Tables S3-S6 in the Supplementary material show the results of the

Table 1
Population's characteristics.

Maternal characteristics n Mean (SD), Median (IQR) or n (%)

Age at delivery (years) 311 29.70 (3.92)
Smoking during pregnancy (% yes) 308 68 (22.08%)
Level of education 215
High 78 (36.28%)
Middle 92 (42.79%)
Low 45 (20.93%)
Employment status 219
Both full-time 12 (5.48%)
One full-time, one part-time 119 (54.34%)
Both part-time 88 (40.18%)
Parity (% primiparas) 311 221 (71.06%)
BMI at study entry 294 22.85 (21.48; 25.10)
Breastfeeding (% yes) 218 99 (45.41%)
Children's characteristics n Mean (SD), Median (IQR) or n (%)
Sex (% males) 311 163 (52.41%)
Gestational age (weeks) 311 39.18 (1.80)
Age at follow-up (years) 217 7.30 (0.26)
Birth weight (g) 310 3347.39 (514.70)
BMI (at 7 years) 216 15.24 (14.42; 16.44)

Table 2
Mean maternal gestational PUFA concentrations throughout pregnancy.

PUFAs Relative concentrations (wt%)*
Periods of pregnancy
First trimester Second trimester Third trimester Partus
Mean (SD) p-value

AA 9.59 (1.43)a 8.62 (1.31)b 8.15 (1.19)c 8.44 (1.39)b,c <0.001
EPA 0.55 (0.40)a 0.41 (0.34)b 0.34 (0.18)b,c 0.34 (0.21)c <0.001
DHA 4.09 (0.91)a 4.19 (0.85)a,b 3.99 (0.72)a,b,c 3.90 (0.76)c <0.001
Total n-6 35.54 (2.11)a 35.22 (1.97)a,b 35.07 (1.78)b 34.29 (1.84)c <0.001
Total n-3 5.79 (1.25)a 5.65 (1.18)a 5.32 (0.91)b 5.17 (0.99)b <0.001
n-6:n-3 6.44 (1.49)a 6.48 (1.35)a 6.81 (1.32)b 6.90 (1.48)b <0.001

Note: *) Except for the n-6:n-3 ratio. P-values refer to One-way Analysis of Variance (ANOVA)’s results; a-c: results of Bonferroni's post-hoc tests, with different letters
representing a statistically significant difference (p<0.05) between PUFA concentrations in different periods of pregnancy.

Table 3
Change in concentrations in maternal PUFAs throughout pregnancy.

PUFAs Change in concentrations (wt%/week)
Periods of pregnancy
Earlya Latea

Mean (SD)

AA −0.07 (0.03) 0.03 (0.06)
EPA −0.01 (0.02) −0.00 (0.00)
DHA 0.02 (0.03) −0.02 (0.01)
Total n-6 −0.03 (0.04) −0.07 (0.03)
Total n-3 0.06 (0.08) −0.02 (0.01)
n-6:n-3 −0.07 (0.08) 0.02 (0.02)

Note: a) cut-off points for different PUFAs derived from the identified best-
fitting linear splines. For AA and Total n-6, the “late” pregnancy starts at week
30, for EPA at week 22, for DHA at week 20, and for Total n-3 and the n-6:n-3
ratio at week 10.
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secondary analyses. Statistically significant, positive associations were
observed between AA at 40 weeks of gestation and EPA at 32 weeks,
respectively, and social competence (AA: β=1.63; 95% C.I.: 0.49,2.77;
p=0.005. EPA: β=8.04; 95% C.I.: 0.31, 15.77; p=0.041).
Furthermore, statistically significant positive associations were found
between AA at 10 and 40 weeks of gestation and internalizing beha-
viours (week 10: β=1.33; 95% C.I.: 0.01, 2.65; p=0.049. week 40:
β=1.47; 95% C.I.: 0.15, 2.80; p=0.030), and between total n-6 at 40
weeks and externalizing behaviours (β=1.13; 95% C.I.:0.05, 2.20;
p=0.040). Finally, EPA in week 10 was statistically significantly, ne-
gatively associated with externalizing behaviours (β=−4.17; 95% C.I.:
−8.05, −0.03; p=0.035). No other statistically significant associa-
tions were found.

4. Discussion and conclusions

To our knowledge, this is the first study to investigate the associa-
tion of maternal PUFAs during pregnancy with childhood social com-
petence and problem behaviours, using a novel approach to evaluate
the change in PUFA concentrations throughout pregnancy. Present

results showed that a larger increase in maternal AA during late preg-
nancy (i.e., from week 30 of gestation) was associated with a modest
increase in social competence at 7 years of age. Similarly, a larger re-
duction in total n-6 in the same period was associated with a small
decrease in externalizing behaviours at 7 years of age. In the sensitivity
analyses, additional control for possible mediators of the main asso-
ciations did not alter the results. Besides, changes in other PUFAs
during pregnancy were not statistically significantly associated with
scores on the social competence or problem behaviour scales.

When reflecting on the clinical relevance of the identified associa-
tions, it should be considered that the predicted scores of the social
competence and externalizing behaviour scales fall within the normal-
development range. Nonetheless, children of women who reported a
small decrease in AA concentration in late pregnancy were more likely
to present a level of social competence close to the clinical level. If
future studies will confirm these results, it should be recommended to
monitor the variation in maternal AA and total n-6 in late pregnancy. In
fact, given that similar variations in PUFA concentrations were ob-
served in pregnant women from five different countries [27], changes
in maternal metabolism that occurs during pregnancy [47] might be

Table 4
Associations of maternal gestational PUFAs with social competence, presented by gestational period.

PUFAs Early pregnancya Late pregnancya

Beta (95% C.I.) Beta (95% C.I.)
Unadjusted Adjustedb Unadjusted Adjustedb

AA −27.95 −19.21 8.11 25.13*
(−57.37, 1.48) (−70.18, 31.76) (−7.23, 23.44) (3.40, 46.85)

EPA −14.60 67.98 −21.28 −125.91
(−64.22, 35.01) (−315.03, 450.99) (−238.37, 195.81) (−929.76, 677.95)

DHA −37.67 −14.13 28.72 81.77
(−75.53, 0.19)§ (−77.87, 49.61) (−47.92, 105.37) (−29.52, 193.06)

Total n-6 20.89 23.65 −14.74 −15.63
(−11.50, 53.27) (−17.54, 64.84) (−52.41, 22.94) (−68.97, 37.71)

Total n-3 −2.50 −2.88 −28.96 108.36
(−15.44, 10.45) (−22.68, 16.92) (−99.42, 41.49) (−48.59, 265.32)

n-6:n-3 4.99 10.63 7.26 −52.33
(−7.82, 17.80) (−7.70, 28.96) (−48.09, 62.61) (−133.35, 28.69)

Note: Imputed dataset analysis, n=311.
a Cut-off points for different PUFAs derived from the identified best-fitting linear splines. For AA and Total n-6, the “late” pregnancy starts at week 30, for EPA at

week 22, for DHA at week 20, and for Total n-3 and the n-6:n-3 ratio at week 10;.
b Adjusted for: mother's age, smoking during pregnancy, maternal BMI at study entry, parental education, parental employment status, breastfeeding, parity,

child's sex and age at follow up.
§ p≤ 0.06;.
⁎ p≤ 0.05.

Table 5
Associations of maternal gestational PUFAs with total problems, presented by gestational period.

PUFAs Early pregnancya Late pregnancya

Beta (95% C.I.) Beta (95% C.I.)
Unadjusted Adjustedb Unadjusted Adjustedb

AA −3.11 −8.10 2.80 7.59
(−40.68, 34.47) (−74.29, 58.09) (−16.79, 22.39) (−20.51, 35.69)

EPA −5.84 322.59 30.96 561.34
(−68.64, 56.96) (−168.09, 813.27) (−243.83, 305.74) (−470.54, 1593.21)

DHA −12.35 −24.16 −24.81 10.76
(−60.49, 35.78) (−106.17, 57.86) (−122.25, 72.64) (−130.84, 152.36)

Total n-6 3.57 4.89 27.74 51.54
(−37.36, 44.50) (−47.20, 56.97) (−19.87, 75.36) (−15.70, 118.77)

Total n-3 −10.71 −4.53 −19.37 −41.18
(−27.06, 5.64) (−29.81, 20.76) (−108.35, 69.61) (−241.59, 159.23)

n-6:n-3 11.13 7.64 13.90 12.67
(−5.03, 27.29) (−15.58, 30.86) (−55.93, 83.73) (−90.52, 115.87)

Note: Imputed dataset analysis, n=311.
a Cut-off points for different PUFAs derived from the identified best-fitting linear splines. For AA and Total n-6, the “late” pregnancy starts at week 30, for EPA at

week 22, for DHA at week 20, and for Total n-3 and the n-6:n-3 ratio at week 10;.
b Adjusted for: mother's age, smoking during pregnancy, maternal BMI at study entry, parental education, parental employment status, breastfeeding, parity,

child's sex and age at follow up. §p≤ 0.06; *p≤ 0.05.
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largely responsible for the variation in PUFA concentrations. However,
dietary intake of PUFA-rich foods or supplements before and during
pregnancy can have an impact on maternal and foetal PUFA levels [27],
potentially preventing a suboptimal child development.

Despite AA being part of the n-6 PUFA family, from the present
results an increase in maternal AA concentration appears beneficial for
an optimal social competence development, while a reduction in total
n-6 seems more beneficial for externalizing behaviours. It could be
hypothesised that high concentrations of linoleic acid (LA), which
constitutes the vast majority of total n-6 PUFAs, might have a deleter-
ious effect on foetal brain development. However, when examining the
associations between the change in LA concentration during pregnancy
and childhood social competence and problem behaviours, we did not
find any statistically significant result (results not shown).

On the other hand, AA, the most abundant long-chain PUFA of the
human brain [12], is considered a crucial enhancer of neurological
development [48]: it affects neuronal excitability and synaptic trans-
mission [48], and is probably involved in nerve growth and synapto-
genesis, processes in which it might play a crucial role by regulating the
maturation of synaptic endings [49]. Furthermore, it is particularly

represented in brain regions responsible for sensorimotor integration
and various language-implicated processes – i.e., pre- and post-central
cortices, basal ganglia, hippocampus and thalamus [12,50–52]. An al-
tered brain AA metabolism has been related to numerous neurological
processes and psychiatric disorders, including schizophrenia, epilepsy
and mood disorders [53]. Considering that social competence is related
with sensory processing [54] and language development [55], it seems
worthwhile to further investigate the development of social competence
and the possible role of AA on this process, despite the modest clinical
significance of the reported association.

Although no studies analysing the association between maternal
PUFAs during pregnancy and childhood social competence have been
published, a few have explored the development of problem beha-
viours, reporting inconclusive results [17–19,22,23]. Studies examining
the association between PUFA concentrations in the umbilical cord
blood and childhood problem behaviours reported either no statistically
significant association [17], a decrease in total problems and emotional
problems for every unit increase in DHA and AA, respectively [19], or a
reduction in internalizing problems for every unit increase in DHA in
children fed exclusively with artificial formula, but not in those

Table 6
Associations of maternal gestational PUFAs with internalizing problems, presented by gestational period.

PUFAs Early pregnancya Late pregnancya

Beta (95% C.I.) Beta (95% C.I.)
Unadjusted Adjustedb Unadjusted Adjustedb

AA −3.90 −30.31 0.72 8.99
(−38.90, 31.10) (−91.46, 30.84) (−17.52, 18.96) (−16.84, 34.82)

EPA −27.90 129.43 20.87 147.55
(−86.28, 30.48) (−328.52, 587.38) (−234.58, 276.31) (−812.19, 1107.29)

DHA −11.21 −55.33 3.10 16.20
(−56.08, 33.66) (−131.08, 20.43) (−87.74, 93.94) (−115.02, 147.42)

Total n-6 −5.21 −2.93 19.14 35.71
(−43.42, 33.00) (−51.34, 45.49) (−25.31, 63.59) (−26.69, 98.11)

Total n-3 −9.65 −11.29 −6.68 −24.06
(−24.88, 5.59) (−34.68, 12.09) (−89.61, 76.24) (−209.64, 161.53)

n-6:n-3 9.35 14.59 −0.87 7.78
(−5.72, 24.43) (−6.89, 36.07) (−66.02, 64.27) (−87.76, 103.32)

Note: Imputed dataset analysis, n=311.
a Cut-off points for different PUFAs derived from the identified best-fitting linear splines. For AA and Total n-6, the “late” pregnancy starts at week 30, for EPA at

week 22, for DHA at week 20, and for Total n-3 and the n-6:n-3 ratio at week 10;.
b Adjusted for: mother's age, smoking during pregnancy, maternal BMI at study entry, parental education, parental employment status, breastfeeding, parity,

child's sex and age at follow up. §p≤ 0.06; *p≤ 0.05.

Table 7
Associations of maternal gestational PUFAs with externalizing problems, presented by gestational period.

PUFAs Early pregnancya Late pregnancya

Beta (95% C.I.) Beta (95% C.I.)
Unadjusted Adjustedb Unadjusted Adjustedb

AA 3.18 −7.98 6.92 9.06
(−32.83, 39.19) (−72.40, 56.44) (−11.85, 25.68) (−18.09, 36.21)

EPA 19.88 291.86 −13.85 348.91
(−40.29, 80.05) (−186.45, 770.17) (−277.12, 249.41) (−655.19, 1353.00)

DHA −6.56 −8.26 −59.42 −39.00
(−52.59, 39.48) (−88.02, 71.51) (−152.62, 33.78) (−176.09, 98.08)

Total n-6 −0.92 −11.05 51.47 82.87*
(−39.85, 38.01) (−60.98, 38.89) (6.18, 96.76) (18.21, 147.54)

Total n-3 −7.23 5.79 −35.99 −94.98
(−22.91, 8.45) (−18.76, 30.34) (−121.34, 49.35) (−289.18, 99.22)

n-6:n-3 6.41 −3.97 38.38 34.80
(−9.08, 21.90) (−26.45, 18.51) (−28.54, 105.30) (−64.92, 134.52)

Note: Imputed dataset analysis, n=311.
a Cut-off points for different PUFAs derived from the identified best-fitting linear splines. For AA and Total n-6, the “late” pregnancy starts at week 30, for EPA at

week 22, for DHA at week 20, and for Total n-3 and the n-6:n-3 ratio at week 10;.
b Adjusted for: mother's age, smoking during pregnancy, maternal BMI at study entry, parental education, parental employment status, breastfeeding, parity,

child's sex and age at follow up.
§: p≤ 0.06;.
⁎ p≤ 0.05.
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breastfed [18]. In the Generation R Study, maternal DHA and n-3:n-6
ratio in mid-pregnancy were negatively associated with child emotional
problems, while a positive association between maternal AA in mid-
pregnancy and total problems was observed [22]. However, when
considering maternal PUFAs in early-pregnancy, only a marginally
significant, negative association was observed between DHA and
emotional symptoms in the same cohort [23]. These results can be
compared to those of the present study's secondary linear regression
analysis, in which positive associations between AA and internalizing
behaviours and total n-6 PUFAs and externalizing behaviours were
observed. Furthermore, EPA was negatively associated with ex-
ternalizing behaviours and positively associated with social compe-
tence. However, considering only one PUFA measurement at a time

does not constitute an appropriate representation of foetal exposure
during gestation. Furthermore, this approach can lead to biased results
due to uncontrolled extreme values, which could potentially represent a
shift in other PUFAs if relative concentrations are used.

The main strength of the present study is, therefore, the analytical
approach used, which accounts for previously published studies’
shortcomings. Instead of presenting a sequence of linear regressions
using the four fatty-acid measurements as separate predictors, in the
main analysis we constructed PUFA-specific concentration curves
throughout gestation. In doing so, we assumed no significant deviations
from the predicted values between measurements. However, since we
noticed a general trend in PUFA concentrations among participants, we
are confident this method provides an adequate representation of the

Fig. 1. Predicted social competence score at
the 5th, 25th, 50th, 75th and 95th percentiles
of change in maternal AA concentration in late
pregnancy.
Note: the x- axis represents the change in AA in
late gestation in the present population of
pregnant women. Presented values correspond
to the 5th (−0.07 wt%/week), 25th (−0.01 wt
%/week), 50th (0.03 wt%/week), 75th (0.07
wt%/week) and 95th (0.15 wt%/week) per-
centiles. .

Fig. 2. Predicted externalizing behaviour
score at the 5th, 25th, 50th, 75th and 95th
percentiles of change in maternal total n-6
concentration in late pregnancy.
Note: the x- axis represents the change in total
n-6 in late gestation in the present population
of pregnant women. Presented values corre-
spond to the 5th (−0.12 wt%/week), 25th
(−0.09 wt%/week), 50th (−0.07 wt%/week),
75th (−0.05 wt%/week) and 95th (−0.03 wt
%/week) percentiles.
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change in maternal PUFA concentrations during pregnancy. Compared
to any sequence of linear regression analyses, here the temporal var-
iation of exposures is taken into account, while extreme values tend to
be smoothed.

Another strength of this study is represented by the use of bio-
markers to assess gestational PUFA concentrations. This is certainly a
more reliable method to assess foetal exposure to PUFAs compared to
questionnaires assessing maternal intake of specific food items. Apart
from being subject to a wide range of biases potentially affecting the
results, questionnaires only allow for estimations of PUFA intakes, and
cannot consider the rise in their concentrations during pregnancy re-
sulting from the mobilisation of fatty acids stored in maternal adipose
tissues [56]. Furthermore, most studies assessing the association be-
tween maternal diet and childhood problem behaviours focused only on
maternal fish and seafood intake [57–60] – with the clear intent of
estimating prenatal exposures to n-3 PUFAs, whose concentrations is
considerably higher in fish and seafood products compared to other
food items. The possible association of n-6 PUFAs, including AA, with
social competence and problem behaviours has been, however, largely
neglected.

The results of the present study and the large number of analyses
performed might raise concerns about multiple testing. Yet, in our
opinion there is no need to control for multiple tests, given the high
intercorrelations within the exposures and the outcomes [61], and the
pre-defined hypotheses for every association tested [62]. Furthermore,
the two associations between AA with social competence and total n-6
with externalizing behaviours were statistically significant in every
sensitivity analysis performed, with estimates of the same magnitude
and in the same direction. Finally, given the novelty of the present
analysis, in our opinion increasing the chance of false negative results
might unnecessarily prevent future investigations [61,62].

This study's findings should be interpreted with caution because of a
few limitations. In spite of the large number of respondents at baseline,
the final study population was affected by a high loss to follow-up rate,
which might have introduced biases. Nonetheless, most socio-
demographic characteristics were similar among participants and non-
participants, including maternal PUFAs during pregnancy.
Furthermore, although we controlled for numerous sociodemographic
characteristics, residual confounding is still possible. Specifically, we
were not able to control for two potential postnatal influences on the
development of social competence and problem behaviours: parenting
practices and parental psychopathology. In fact, although we attempted
to account for maternal psychopathology by controlling for maternal
postpartum depression in one of the sensitivity analyses, we must note
that postpartum depression represents only a limited facet of the
complex pattern of parental psychopathology.

In conclusion, this study suggests that a rise in maternal AA and a
reduction in total n-6 in late pregnancy might be associated with a
small improvement in childhood social competence and externalizing
behaviours, respectively, at 7 years of age. In contrast, changes in other
PUFAs during pregnancy were not associated with social competence or
problem behaviour scale in school-age children. Future studies are
warranted to further investigate the association between maternal n-6
PUFAs and childhood social competence and problem behaviours,
preferably accounting for parental psychopathology and parenting
practices.
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