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Abstract
Objective: We investigated the effect of maternal preconception fasting plasma
total homocysteine (tHcy) on psychological problems in children aged 6 years
from normal pregnancies.
Design: A longitudinal study was carried out from preconception, throughout each
trimester of pregnancy, until 6 years of age in the offspring. Fasting blood samples
at 2–10weeks preconception and non-fasting samples at birth were collected.
Parents completed the Child Behaviour Checklist (CBCL) and teachers the
Inattention-Overactivity with Aggression (IOWA) scale for the 6-year-old children.
Setting: Elevated tHcy during pregnancy has been associated with several adverse
outcomes and with neurodevelopmental impairment in the offspring.
Participants: The initial sample consisted of 139 healthy non-pregnant women
who were planning on becoming pregnant. Eighty-one mother–child dyads were
followed from preconception until 6 years of age.
Results: After adjusting for covariables, multiple linear regression models showed
that higher preconception tHcy was associated with higher scores in internalizing
dimension (β= 0·289; P= 0.028), specifically in withdrawn behaviour (β= 0·349;
P= 0·009), anxiety/depression (β= 0·303; P= 0·019) and social problems
(β= 0·372; P= 0·009). Aggressive behaviour in the school setting was higher in
children whose mothers had higher preconception tHcy (β= 0·351; P= 0·014).
Conclusions: Moderately elevated preconception tHcy may increase the risk of
psychological problems in offspring during childhood. These findings add to the
evidence that maternal nutritional status, even before being pregnant, can affect
later offspring health and may be important to consider when developing future
public health policy.
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The one-carbon metabolic network plays a crucial role in
cellular metabolism and proliferation and affects repro-
ductive and pregnancy outcomes, as well as the future
health of the offspring(1). The metabolic network is
essential for DNA synthesis and repair, as well as for
providing methyl groups for epigenetic regulatory pro-
cesses. Fasting plasma total homocysteine (tHcy) is a
useful biomarker of the network. Homocysteine (Hcy) is
an intermediate in the network, and folate, vitamins B12

and B6, as well as other micronutrients, participate in its
metabolism(2). Plasma tHcy acts as a global indicator of
status in folate and vitamin B12

(3).

Accumulation of Hcy in nerve cells acts as a potentially
toxic substance for the nervous system because it pro-
motes excitotoxicity and damages neuronal DNA, which
may lead to neuroanatomical disturbances(4), cognitive
impairment and several neurodegenerative disorders in
the elderly(5–7). Elevated pregnancy tHcy is a strong and
independent risk factor for adverse outcomes in the off-
spring such as neural tube defects(8), low birth
weight(9,10) and congenital heart defects(11). Supple-
menting mothers with 400 µg folic acid daily is widely
recommended from periconception throughout the first
trimester to prevent adverse effects of folate deficiency on
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fetal development(12,13). Folic acid supplementation is
one of the factors that contributes to lowering of tHcy
during pregnancy(14,15).

In terms of neurodevelopment, Murphy et al.(16) repor-
ted that moderately elevated preconception tHcy
(>9·0µmol/l) was associated with greater probabilities of
lower psychomotor ability (Bayley Scale of Infant Develop-
ment) in 4-month-old infants and worse cognitive perfor-
mance in 6-year-old children (Wechsler Preschool and
Primary Scale of Intelligence). Additionally, Ars et al.(17)

reported that elevated maternal tHcy (>9·1µmol/l) in early
pregnancy (mean gestational age 13·5 weeks) was associated
with worse performance in language and visuo-spatial cog-
nitive domains in children between 6 and 8 years of age.
Likewise, pregnancy status of other micronutrients involved
in one-carbon metabolism (B vitamins principally) has been
associated with improved child cognitive performance as
well as behavioural outcomes in school-aged children(18).

Regarding behavioural problems, maternal tHcy is also
related to long-term emotional disturbances and peer pro-
blems in children(19). It has been suggested that peri-
conception folic acid supplement use may protect against
behavioural problems(20) and neurodevelopmental disorders
such as autism spectrum disorders (ASD) in offspring(21–23).
Despite this evidence, some studies did not corroborate the
adverse effects of high tHcy from 4 weeks prior and through
to 8 weeks after the last menstrual period (by three 4-week
periods) or low folate status on behavioural problems in the
offspring(24). In fact, recent studies even reported that high
maternal intake of folic acid (≥1000μg/d) during pregnancy
(10–13 and 28–32 gestational weeks) could have a damaging
effect on neurodevelopment in the offspring at 4–5 years of
age(25,26). Furthermore, in an ongoing prospective birth
cohort study on early-life determinants of autism (the Boston
Birth Cohort co-led by the Center on the Early Life Origins of
Diseases), pregnancy tHcy did not predict the offspring’s
ASD risk, but this risk was highest in children whose mothers
had very high blood folate level (>59nmol/l) and vitamin
B12 (>600pmol/l) right after giving birth. Mandatory for-
tification of flour in the USA with folic acid has been in place
since 1998 and numerous countries have since implemented
the same policy. The debate regarding the benefit of prenatal
folic acid supplementation to child health is growing in this
context. Other authors(27) report that excessive intake from
supplementation combined with fortification may have det-
rimental effects on child health. In European countries, there
is no mandatory fortification and although voluntary for-
tification is present in many countries, folate status of the
general population is generally relatively low compared with
those where mandatory fortification is in place(28). Addi-
tionally, variation in the genes regulating nutrient status may
indirectly affect maternal-to-infant nutrient transfer(27).

To the best of our knowledge, no previous study has
investigated whether preconception tHcy affects psycho-
logical problems in the children. We hypothesized that
moderately elevated preconception tHcy is associated

with behavioural and emotional problems in the offspring
in mid-childhood. The aim of the present study was
to investigate the effect of maternal tHcy measured
2–10 weeks before conception on psychological problems
in children aged 6 years from uncomplicated pregnancies.

Materials and methods

Study population
The longitudinal preconception study was carried out
from before conception (2–10 weeks before pregnancy),
throughout each trimester of pregnancy, until 6 years of
age in the offspring. The study design(14) and data from
the children at 6 years have been reported previously(29).

Participants in the preconception phase of the study
were healthy non-pregnant women aged 18–35 years who
were planning on becoming pregnant. Recruitment was
carried out by the Unit of Preventive Medicine and Public
Health, Faculty of Medicine and Health Sciences, Uni-
versitat Rovira i Virgili in collaboration with the Unit of
Obstetrics and Gynaecology, Sant Joan University Hospital
Reus. The psychological assessment was performed by the
Department of Psychology.

The study was approved by St. Joan Hospital’s (Reus)
Ethics Committee and signed informed consent was
obtained from all participating volunteers.

Briefly, during the preconception phase 139 women
volunteered to participate in the study. After application of
the exclusion criteria such as the presence of chronic ill-
ness affecting nutritional status, infertility, failure to con-
ceive or miscarriage after entering the study, ninety-two
women went on to complete successful pregnancies with
complete mother–newborn dyad information available. Of
these, eighty-one agreed to participate in the follow-up
phase in the mothers and children aged 6 years. The study
design is shown in Fig. 1.

At the time of the study, recommendation of
periconception folic acid supplement use was not protocol
in Spain. Coinciding with Fe supplementation in mid-late
pregnancy, some women took multivitamin supplements.

Blood sample collection and analyses of total
homocysteine
Fasting blood samples from the antecubital vein were col-
lected into EDTA-K3 vacutainers between days 7 and 14 of
the menstrual cycle. If participants did not become preg-
nant within three menstrual periods after the first pre-
conception blood sample, another sample was taken until
becoming pregnant. Similarly, blood samples were taken at
7·5–8 gestational weeks (between 53 and 59 d after the first
day of their last menstrual period), 20 and 32 gestational
weeks and on admission to hospital with confirmed labour.

Blood samples were kept refrigerated and plasma was
separated by centrifugation strictly within less than 2 h

1616 J Roigé-Castellví et al.

https://doi.org/10.1017/S1368980018003610 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980018003610


of collection. Plasma from the pregnancy phase was
stored at −20ºC and from the follow-up phase at −70ºC
before tHcy determination using the IMx homocysteine
immunoassay (Abbott Laboratories Diagnostics Divi-
sion, Abbott Park, IL, USA). A more detailed description
of sample collection and analysis has been reported
previously(14).

Assessment of psychological problems
The Child Behaviour Checklist (CBCL/4-18)(30) is an
extensively used report form to identify emotional and
behaviour problems in children. It is a questionnaire con-
sisting of 118 items, completed by parents, regarding their
children’s psychological problems. This instrument has nine
syndrome scales (withdrawn, anxious/depressed, somatic
complaints, social problems, thought problems, attention
problems, delinquent behaviour, aggressive behaviour and
sex problems); two dimension scales (internalizing dimen-
sion, consisting of withdrawn, somatic complaints and
anxious/depressed syndromes; and externalizing dimen-
sion, consisting of delinquent behaviour and aggressive
behaviour); and the total psychological problems scale. In
the present study, we applied a Catalan version of this test
(Cronbach’s α coefficient ranged from 0·60 to 0·87), using
the T-score for multicultural data.

To evaluate child behaviour based on teacher respon-
ses, we used the Inattention-Overactivity with Aggression

(IOWA) Conners’ Teachers’ rating scale(31). IOWA is a
behavioural rating scale with ten items (which range from
‘not all’ until ‘very much’) divided into two scales: aggressive
behaviour and hyperactivity. We used a Catalan version
adapted for the present study, which had an adequate
internal consistency (Cronbach’s α ranged from 0·84 to 0·80).

Covariates
Maternal anxiety was assessed at preconception, at each
trimester of pregnancy, and at 3 d and 1 month post-
partum using the State-Trait Anxiety Inventory (STAI)(32).
For the analyses of the current study, we used the trait
anxiety mean score from all assessments.

Smoking habits were recorded in periodic interviews
carried out from preconception throughout pregnancy.

Data regarding medication and/or vitamin supplement use
as well as sociodemographic parameters including parental
education were also recorded in these interviews. None of
the women took supplements before mid-pregnancy.

The total intelligence quotient (IQ) of the children at 6
years was assessed by the Wechsler Preschool and Pri-
mary Scale of Intelligence (WPPSI)(33). WPPSI is an indi-
vidually administered IQ test and consists of ten sub-tests
which form the verbal and manipulative index, the sum of
which gives the total IQ.

We also included birth weight and child BMI at 6 years
in the models exploring the relationship between

139 volunteers

109 pregnant women
remain in study after
becoming pregnant

92 mother–child dyads at
birth

Of whom, 49.4% are male (n 40)
and 50.6 % female (n 41)

74 complete data for
statistical analyses

• 6 failed to conceive
• 23 dropped out before becoming pregnant
• 1 excluded because her supplementation

pattern did not conform to the study design

• 7 abandoned during pregnancy
• 1 become pregnant with twins
• 7 miscarried
• 1 moved
• 1 supplementation pattern did not conform to

the study design

Incomplete data sets for analysis were available
for fasting plasma tHcy at preconception or CBCL
responses at follow-up

Sociodemographic data
Blood sample collection (within days 7–14 of the
menstrual cycle)
Maternal anxiety (STAI)

Blood sample collection (at 7.5–8 and at 20–32
weeks of gestation)
Maternal anxiety (STAI)
Information about toxic consumption
Data about vitamin supplement use

Blood sample collection (at labour and from the
umbilical cord)
Maternal anxiety (STAI)
Obstetric data

CBCL/4–18
IOWA
Total IQ (WPPSI)
BMI
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Fig. 1 Flowchart showing the number of participants throughout the study (PreC, preconception; STAI; State-Trait Anxiety
Inventory; tHcy, total homocysteine; CBCL/4-18, Child Behaviour Checklist; IOWA, Inattention-Overactivity with Aggression; IQ,
intelligence quotient; WPPSI, Wechsler Preschool and Primary Scale of Intelligence)
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preconception tHcy and psychological outcomes in the
children.

Statistical analyses
To explore the relationship between preconception tHcy
and psychological problems of offspring in childhood, we
stratified preconception tHcy into tertiles. The highest
tertile was designated as the moderately elevated group
while the middle and lowest tertiles were designated as
normal. Student’s unpaired t tests and χ2 analyses were
used to compare the sociodemographic and child char-
acteristics for each subscale of the CBCL/4-18 and IOWA
tests between the tHcy groups.

To investigate the effect of maternal preconception tHcy
on psychological problems, unadjusted linear regressions
were performed for each subscale. Then, we performed
the same multiple linear regressions including covariates
(by the enter method) in separate models. The covariates
included were birth weight, parental education (combined
both maternal and parental), smoking during pregnancy,
maternal trait anxiety during pregnancy (the mean score at
different times of pregnancy), maternal tHcy at labour, and
BMI and total IQ of children at age 6 years. Child sex and
maternal multivitamin supplement use during the second
and third trimesters were also tested in the models, but
they were not significantly associated with any of the
dependent variables and so were not included in the
models in order to maintain an acceptable proportion of
covariates per case.

All statistical analyses were performed with the statis-
tical software package IBM SPSS Statistics version 23.

Results

Descriptive preconception and childhood data are repor-
ted in Table 1. At preconception, mean maternal age was
29·6 years and mean tHcy was 8·53 µmol/l. Thirty per cent
of the women were smokers during pregnancy. Regarding
the children, forty were boys and forty-one were girls and
mean birth weight was 3247·90 g (ranging from 1950 g to
4690g). At age 6 years, mean BMI was 17·30 kg/m2 (ran-
ging from 13·55 to 24·94 kg/m2). The mean total IQ
(WPPSI) was normal–high (116·33; ranging from 83 to
144). Moderately elevated and normal preconception tHcy
groups were created based on tHcy in the highest tertile
(≥9·04 µmol/l; n 24) or below this (n 52), respectively.
Differences in maternal and child characteristics between
tHcy groups are shown in Table 1. We found a sig-
nificantly higher frequency of both multiparous women
and males in the normal tHcy group compared with the
moderately elevated tHcy group.

CBCL/4-18 and IOWA scores according to maternal
preconception tHcy category are reported in Table 2. The
mean scores for CBCL/4-18 total, internalizing and

externalizing problems were within the normal range (54·33,
54·21 and 54·45, respectively). Several mean scores were
higher in children born to mothers with moderately elevated
preconception tHcy compared with those born to mothers
with normal preconception tHcy, although these differences
were not significantly different between the groups.

Table 3 shows the significant multiple linear regression
models of the effect of preconception tHcy on behaviour
and emotional problems of children at 6 years of age. In
unadjusted models, children of mothers with moderately
elevated preconception tHcy had significantly higher
scores on CBCL/4-18 subscales for withdrawn (corrected
R 2= 11·6; P= 0·002), social problems (corrected R2= 6·6;
P= 0·016) and aggressive behaviour (corrected R2= 4·7;
P= 0·037).

In adjusted models, more subscales were observed to
be significantly associated with preconception tHcy. These
models showed that preconception tHcy was positively
associated with withdrawn behaviour (β= 0·349,
P= 0·009), anxiety/depression (β= 0·303, P= 0·019),
social problems (β= 0·372, P= 0·009) and internalizing
dimension (β= 0·289, P= 0·028) in CBCL/4-18, always
jointly with maternal anxiety. In IOWA subscales, we
found that aggressive behaviour was significantly higher in
children from mothers who had moderately elevated
preconception tHcy (β= 0·351, P= 0·014; see Table 3).

Discussion

The aim of the present study was to investigate the asso-
ciation between maternal preconception tHcy and psy-
chological problems in offspring in a long-term
prospective study. To test our hypothesis, we first per-
formed comparisons between groups based on tertile of
maternal preconception tHcy. So, the moderately elevated
tHcy category was composed of the highest tertile
(≥9·04 µmol/l) and compared with the normal group
(middle and lowest tertiles). This cut-off for the highest
tertile tHcy is similar to that reported for women aged
18–35 years, non-users of vitamin B supplements
(≥9·55 µmol/l), from the same geographical area(34).
Murphy et al. previously reported in this same cohort of
mothers and children that plasma folate tended to be
lower in mothers with moderately elevated tHcy com-
pared with those with normal tHcy at various time points
as well as in the child. No differences in plasma cobalamin
were observed between the two groups(16). On the other
hand, mandatory folic acid fortification is absent in Spain
and the plasma folate concentrations reported in Murphy
et al.’s study(16) show that the cohort was relatively free of
exposure to high folic acid intake due to supplement use
and/or mandatory folic acid fortification.

Regarding comparison between tHcy groups, the ana-
lyses did not show any significant results, only a tendency
for higher score in withdrawn behaviour was observed in
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Table 1 Mother and child characteristics from the preconception to follow-up stage and differences between maternal preconception total
homocysteine groups (PreConception Study, pregnancy phase 1992–1996; child follow-up stage 1998–2002. Reus, Spain)

Total sample
Normal tHcy
(<9·04 µmol/l)

Moderately elevated tHcy
(≥9·04 µmol/l)

Mean 95% CI
Mean
or %

SD

or n
Mean
or %

SD

or n t/χ2 P

PreC/pregnancy
Maternal age at PreC (years) 29·60 29·0, 30·2 29·87 2·86 28·92 2·55 1·388§ 0·169
tHcy at labour (µmol/l) 2·89 7·54, 8·91 7·57 2·52 9·66 3·21 −2·913§ 0·005
PreC tHcy* (µmol/l) 8·53 7·54, 8·45 7·28 1·26 11·30 2·76 −8·628§ 0·000
Anxiety during pregnancy† (score) 16·03 14·68, 17·32 15·95 6·69 16·97 5·23 −0·651§ 0·517
Smoke (%)
During pregnancy or postnatally 30·00 20·73, 40·69 28·80 15 29·25 7 0·000║ 0·983

Parity (%)
Multiparous 38·30 28·18, 49·18 48·11 25 20·88 5 5·101║ 0·024

Parental education (%)
Low 37·00 27·06, 47·93 36·50 19 41·74 10 0·238║ 0·888
Mid 23·50 15·19, 33·59 25·00 13 20·88 5
High 39·50 29·32, 50·43 38·57 20 37·57 9

At birth
Gestational age (weeks) 39·95 38·78, 39·22 40·06 1·45 39·77 2·08 0·685§ 0·496
Birth weight (g) 3247·90 3144·22, 3349·78 3327·69 469·54 3124·17 443·14 1·787§ 0·078
Child sex (%)
Male 49·40 39·80, 61·39 57·70 30 33·32 8 3·890║ 0·048

At follow-up (age 6 years)
BMI (kg/m2) 17·30 16·56, 17·43 17·22 2·30 17·48 2·17 −0·471§ 0·639
Total IQ‡ (score) 116·33 113·15, 118·85 117·59 13·33 113·75 12·84 0·958§ 0·243
Manipulative index 117·71 114·37, 119·63 118·92 11·45 115·17 14·74 1·205§ 0·232
Verbal index 110·51 107·37, 112·63 111·41 13·52 108·79 12·21 0·806§ 0·423

PreC, preconception; tHcy, total homocysteine; IQ, intelligence quotient.
*Fasting plasma tHcy is geometric mean.
†Mean of State-Trait Anxiety Inventory scores from PreC to immediate postpartum.
‡Wechsler Preschool and Primary Scale of Intelligence.
§t Test: mean, SD and t value.
║χ2 Test: %, n and χ2 value.

Table 2 Comparison of child psychological problems at age 6 years between maternal preconception
total homocysteine groups (PreConception Study, pregnancy phase 1992–1996; child follow-up stage
1998–2002. Reus, Spain)

Normal tHcy
(<9·04 µmol/l)

Moderately elevated tHcy
(≥9·04 µmol/l)

Child psychological problems Mean SD Mean SD t * P

CBCL/4-18
Withdrawn 55·35 5·24 57·88 6·23 −1·828 0·072
Somatic complaints 57·16 6·59 57·83 7·66 −0·393 0·695
Anxious/depressed 54·33 6·22 55·38 6·12 −0·679 0·499
Social problems 53·61 6·50 53·96 5·52 −0·228 0·820
Thought problems 53·27 6·34 54·13 7·80 −0·502 0·617
Attention problems 55·88 7·51 56·50 8·94 −0·312 0·756
Delinquent behaviour 55·12 6·87 56·63 6·76 −0·891 0·376
Aggressive behaviour 54·86 6·46 57·21 7·90 −1·363 0·177
Sex problems 54·73 7·10 55·96 8·76 −0·650 0·518
Internalizing dimension 53·71 8·73 55·42 9·73 −0·763 0·448
Externalizing dimension 52·80 8·62 55·79 9·03 −1·379 0·172
Total problems 53·25 7·45 55·60 8·80 −1·201 0·234

IOWA
Hyperactivity 3·21 2·79 2·88 3·02 0·475 0·636
Aggressive behaviour 1·42 1·84 1·67 2·09 −0·513 0·610

tHcy, total homocysteine; CBCL/4-18, Child Behaviour Checklist; IOWA, Inattention-Overactivity with Aggression.
Homogeneity of variances were assumed for all the subscales.
CBCL/4-18 subscales, df= 73; IOWA subscales, df= 74.
*t Test: t value.
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Table 3 Significant multiple linear regression models of the effect of maternal preconception total homocysteine level on child psychological problems at age 6 years (PreConception Study,
pregnancy phase 1992–1996; child follow-up stage 1998–2002. Reus, Spain)

Unadjusted model Adjusted model

β P F(1,72) cR2 β P P F(8,63) cR 2

CBCL/4-18
Withdrawn 0·002 10·46 11·60 0·001 3·88 26·80

Maternal PreC tHcy 0·358 0·349 0·009
Birth weight −0·394 0·001
Maternal anxiety 0·247 0·031

Anxious/depressed 0·066 3·48 3·30 0·000 4·50 30·80
Maternal PreC tHcy 0·216 0·303 0·019
Maternal anxiety 0·492 0·000
BMI −0·256 0·023

Social problems 0·016 6·07 6·60 0·020 2·53 16·30
Maternal PreC tHcy 0·281 0·372 0·009
Maternal anxiety 0·280 0·022

Aggressive behaviour 0·037 4·51 4·70
Maternal PreC tHcy 0·245

Internalizing dimension 0·052 3·90 3·90 0·001 4·07 28·00
Maternal PreC tHcy 0·228 0·289 0·028
Birth weight −0·238 0·037
BMI −0·345 0·003
Maternal anxiety 0·421 0·000

IOWA
Aggressive behaviour 0·084 3·06 2·80 0·021 2·52 16·20

Maternal PreC tHcy 0·202 0·351 0·014
Birth weight 0·268 0·029
Parental education −0·247 0·047

cR 2, corrected R 2; PreC, preconception; tHcy, total homocysteine; CBCL/4-18, Child Behaviour Checklist; IOWA, Inattention-Overactivity with Aggression; STAI, State-Trait Anxiety Inventory; IQ, intelligence quotient;
WPPSI, Wechsler Preschool and Primary Scale of Intelligence.
Adjusted models include the following covariates (enter method): birth weight (g), BMI (kg/m2) at age 6 years, parental education (combined both maternal and paternal), smoking during pregnancy, mean of anxiety during
pregnancy (STAI), total IQ at age 6 years (WPPSI) and maternal tHcy at birth.
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the highest tertile. However, both adjusted and non-adjusted
models showed that children born to mothers with higher
tHcy concentrations at preconception scored higher for
withdrawn and social problems. In the adjusted models,
CBCL/4-18 anxiety/depression scale and IOWA aggressive
behaviour were additionally predicted by preconception
tHcy. From the point of view of neurological maturity, social
behaviour is related with many brain regions and neural
circuits which begin their development in the period of early
corticogenesis. In mice, Belinson et al.(35) demonstrated a
fetal origin for social and repetitive behaviour deficits seen
in disorders such as ASD. Considering that the manifesta-
tions of withdrawn and social problems are, among others,
typical clinical symptoms of ASD, the observed association
between these manifestations and tHcy could support the
preventive role of prenatal folic acid in the onset of ASD
found by other authors(36,37). However, in our study no
diagnostic assessment of ASD was performed, and the
withdrawn and social problems could also be symptoms of
other disorders such as emotional disorders. In contrast,
recent studies have not been able to substantiate a beneficial
effect on child risk of ASD by maternal folic acid supple-
mentation in the periconceptional period(38). High maternal
plasma folate at birth was not associated with reduced ASD
risk either(39,40). Recently, Raghavan et al.(37) reported a
U-shaped relationship between folate and B12 levels and
ASD risk. On the other hand, regardless of the level of
maternal Hcy and folate, some authors suggest that children
with ASD may have defects in folic acid absorption that play
a role in the onset of ASD(40). Regarding the relationship
found between anxiety/depression problems (and inter-
nalizing dimension) and higher preconception tHcy, our
data are comparable to the results of other authors(36,41).
Steenweg-De-Graaff et al.(41) found a higher risk of emo-
tional problems in children of mothers who started using
folic acid supplements late or did not use supplements at all
than in children whose mothers started periconceptionally.
In our study, also the women started supplementation after
mid-pregnancy, which supports the idea that the protective
role of folic acid on neurodevelopment of the child is in very
early pregnancy. Steenweg-De-Graaff et al.(41) did not find a
relationship between prenatal folate deficiency and beha-
viour problems in the offspring, in contrast to findings of the
present study showing an association between preconcep-
tion tHcy and aggressive behaviours. Although aggressive-
ness is an externalizing manifestation, in the clinical setting it
is not infrequent to find that children express their emotional
distress with irritability and aggressive behaviour.

It is relevant to remark that preconception tHcy was
associated with higher psychological problem scores
regardless of maternal tHcy at birth, supporting the
importance in neurodevelopment of optimal tHcy in early
pregnancy. In this sense, other researchers did not find
significant associations between mid–late pregnancy tHcy
concentrations and childhood cognitive functions(42) or
neurodevelopment(43).

Our study confirms the relevance of considering pre-
conception tHcy. The strength of the study is the precise
timing of preconception tHcy measurements from mothers,
which were performed within 2–10 weeks of becoming
pregnant and in a specific window of the preconception
menstrual cycle (specifically during the periovulation phase
between days 7 and 12). In this way, it was ensured that the
preconception blood sample reflected the habitual maternal
tHcy levels, because tHcy normally decreases rapidly dur-
ing the first half of the pregnancy period(14). Therefore, the
preconception tHcy sample is free of the physiological
effects of pregnancy that affect tHcy concentrations. The
strong and innovative aspect of the study lies in its design
from preconception throughout childhood and that we
were extremely careful to optimize the precision of tHcy
determinations as near as possible to neurogenesis in the
embryo. Furthermore, extensive and accurate lifestyle and
clinical data were also collected before pregnancy. We
were also able to adjust our analysis for late pregnancy tHcy
and the sample was homogeneous with respect to the
absence of variables which could be risk factors of psy-
chological problems. Several important confounders have
been taken into account in the regression models, and
prenatal anxiety was a significant predictor of child psy-
chopathological characteristics as previously reported(44).

The small sample size was due to the difficulty in
recruiting women at preconception and the commitment
to planning determinations from preconception through-
out pregnancy and subsequently in the follow-up phase in
the child at 6 years after birth. Given that the study fol-
lowed prospectively a cohort of pregnant women without
specific risk factors, we were not inclined to consider the
assessment of possible psychopathological diagnoses in
this group and this was a potential limitation.

Conclusion

We conclude that moderately elevated preconception
tHcy is associated with increased risk of psychological
problems in the offspring, especially of internalizing pro-
blems and social problems, although also of aggressive
behaviour. Further research is needed to corroborate the
role of prenatal tHcy in neuropsychiatric disorders.
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