
Associations among prenatal stress, maternal antioxidant
intakes in pregnancy, and child temperament at age
30 months

L. R. Lipton1, K. J. Brunst1,a, S. Kannan2,3, Y.-M. Ni4, H. B. Ganguri5,b, R. J. Wright1,6 and M. Bosquet Enlow7,8*

1Department of Pediatrics, Kravis Children’s Hospital, Icahn School of Medicine at Mount Sinai, New York City, NY, USA
2Department of Human Nutrition and Dietetics, College of Agricultural Sciences, Southern Illinois University, Carbondale, IL, USA
3Department of Nutrition, School of Public Health and Health Sciences, University of Massachusetts, Amherst, MA, USA
4Department of Medicine, Cedars-Sinai Medical Center, Los Angeles, CA, USA
5Department of Computer Science, Southern Illinois University, Carbondale, IL, USA
6Department of Environmental Medicine & Public Health, Icahn School of Medicine at Mount Sinai, New York City, NY, USA
7Department of Psychiatry, Boston Children’s Hospital, Boston, MA, USA
8Department of Psychiatry, Harvard Medical School, Boston, MA, USA

Prenatal stress and prenatal nutrition each have demonstrable impact on fetal development, with implications for child neurodevelopment and
behavior. However, few studies have examined their joint influences despite evidence of potential interactive effects. We examined associations
among prenatal stress, prenatal antioxidant intakes, and child temperament in a sociodemographically diverse pregnancy cohort (N = 137
mother–child dyads). In mid-pregnancy, mothers completed an assessment of recent negative life events as a measure of prenatal stress and an
assessment of prenatal diet. When the children were 30 months of age, mothers completed the Early Childhood Behavior Questionnaire-Very
Short form, which provides scores on child Negative Affectivity, Effortful Control, and Surgency/Extraversion. Linear regressions tested
associations between maternal prenatal negative life events and child temperament, and effect modification by maternal prenatal antioxidant
intakes (vitamins A, C, and E, magnesium, zinc, selenium, β-carotene). Analyses revealed that increased maternal prenatal negative life events were
associated with higher child Negative Affectivity (β = 0.08, P = 0.009) but not with child Effortful Control (β = − 0.03, P = 0.39) or Surgency/
Extraversion (β = 0.04, P = 0.14). Prenatal intakes of zinc and selenium modified this effect: Maternal exposure to prenatal negative life events
was associated with higher child Negative Affectivity in the presence of lower intakes of zinc and selenium. Modification effects approached
significance for vitamins A and C. The results suggest that the combination of elevated stress exposures and lower antioxidant intakes in pregnancy
increases the likelihood of heightened child temperamental negative affectivity. Increased antioxidant intakes during pregnancy may protect against
influences of prenatal stress on child temperament.
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Introduction

Research indicates that childhood temperament has significant
long-term consequences for development, including influencing
later personality and social development as well as risk for
psychopathology.1 Thus, explicating modifiable factors that shape
child temperament may contribute to the development of
intervention strategies that have long-term impact. An extensive
literature indicates that the in utero environment can dramatically
influence fetal development, with implications for neurodevelop-
ment across the lifespan.2 Maternal psychosocial stress in preg-
nancy has been identified as a robust programmer of offspring
neurobehavioral outcomes, including temperament.3–7

Studies suggest three overarching temperament domains,
including negative affectivity (e.g., fear, frustration, sadness);
regulation (‘orienting/regulation’ in infancy, e.g., attentional
persistence, soothability; ‘effortful control’ in childhood, e.g.,
attentional and inhibitory control); and surgency/extraversion
(e.g., high activity, impulsivity, positive affectivity).1 Prenatal stress
has most frequently been associated with child negative affectivity,
including increased distress in response to novelty, poor recovery
from distress, fearfulness, and difficult temperament.8–11 Studies
have also linked prenatal stress and anxiety to poorer behavioral
and attentional regulation in infants and toddlers.8,12–14 Relatedly,
there is evidence that prenatal stress negatively impacts child
cognitive development,12,14–16 which has implications for the
temperament domains of orienting/regulation and effortful con-
trol, given their dependence on attentional capacities. Very limited
data suggest that prenatal stress may be associated with increased
surgency/extraversion.11 Notably, the majority of studies
examining links between prenatal stress exposures and offspring
temperament have focused on infant outcomes; more research is
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needed to explore potential effects on temperament later in
development.

The mechanisms via which prenatal stress influences child
temperament are as yet not well explicated and likely complex
and varied. One potential mechanism that has received little
attention is oxidative stress. Oxidative stress results from
increased production of reactive oxygen species, decreased
antioxidant defense, and/or failure to repair oxidative damage,
potentially leading to cell damage or death.17,18 Animal studies
link prenatal stress to oxidative damage and decreased activity of
antioxidant enzymes.19,20 In humans, psychological stress
is associated with increased oxidative stress and reduced
antioxidant activity in plasma.21 The fetus may be particularly
vulnerable to oxidative stress due to immature antioxidant
defenses and differing detoxification capacity at the level of
the placenta that results in increased oxidative stress in fetal
tissues.22,23 Oxidative stress, in turn, has been found to damage
neural precursors, impair neurogenesis, and contribute to
neuronal degeneration in the central nervous system17,19,24,25

and has been implicated in the etiology of numerous brain
conditions (e.g., mild cognitive impairment, psychiatric
disorders).17,19,24–28 Notably, research suggests that dietary
intakes of micronutrients that have antioxidant properties may
reduce environmentally induced oxidative stress/inflammation
in the placenta and developing fetal brain.29–31 Together, these
data suggest that maternal antioxidant intakes in pregnancy may
mitigate the effects of psychosocial stress on neurodevelopment.

There are additional reasons for considering the joint effects of
prenatal stress and prenatal nutrition on child neurodevelopment.
Increased exposure to psychosocial stress and inadequate nutrient
intakes have been found to co-occur in women of childbearing
age and during pregnancy.15,32,33 For example, in a study of
pregnant women, participants who reported higher levels of
anxiety and stress had decreased folate intake despite overall
increased caloric intake compared to those with lower levels of
stress.34 A population-based study of pregnant women found
high levels of both stress and food insecurity (defined as having to
cut or skip a meal, eat less than considered adequate, or go
hungry) in women of low socioeconomic status.35

Although prenatal stress and poor nutrition correlate and have
each been linked to neurodevelopmental outcomes, to date they
have largely been examined separately.15 Our group was the first
to provide evidence that maternal nutrition during pregnancy
may modify prenatal stress effects on infant temperament.7

Specifically, within the same cohort described in the current
study, we found that prenatal dietary intakes of polyunsaturated
fatty acids partially attenuated the association between increased
maternal prenatal stress and poorer orienting/regulation in
6-month olds.7 Demonstrating that such associations persist into
later childhood will strengthen evidence of joint prenatal stress
and nutrition effects on temperament. Moreover, because
maternal prenatal stress and nutrition are both potentially
modifiable risk factors, an understanding of their independent
and synergistic effects will inform intervention development.
Such findings may be particularly instructive for developing

interventions to reduce health disparities, given that lower-
income populations are more likely to experience stress and
suboptimal dietary intakes in pregnancy.36–38 Notably, earlier
work from our group demonstrated that women with low
education and self-reported economic-related food insecurity
were at increased risk for multiple antioxidant deficiencies.36

The objectives of this study were to examine associations
among maternal prenatal stress, maternal antioxidant intakes
during pregnancy, and child temperament. We leveraged a
sociodemographically diverse longitudinal pregnancy cohort with
data on maternal exposures to negative life events during preg-
nancy, prenatal micronutrient intakes, and child temperament
assessed at age 30 months. Based on the extant literature, we
hypothesized that increased prenatal stress and lower prenatal
antioxidant intakes (vitamins A, C, and E, magnesium, zinc,
selenium, β-carotene) would each be associated with greater child
negative affectivity and surgency/extraversion and diminished
child effortful control. We further hypothesized that greater
prenatal antioxidant intakes would attenuate associations
between maternal prenatal stress and child temperament. We
specifically hypothesized that zinc, selenium, and vitamin A
would have particular impact, given that these antioxidants have
been identified as influencing neuronal cell growth and devel-
opment during the late fetal and neonatal time period.39

Method

Participants

Participants were mothers and their 30-month-old infants
enrolled in the PRogramming of Intergenerational Stress
Mechanisms (PRISM) study, a prospective pregnancy cohort
designed to examine the potential roles of maternal and child stress
exposures on child development. Between March 2011 and
December 2013, pregnant women were recruited from prenatal
clinics in a Boston area hospital and a community health center.
Recruitment sites were chosen given desired heterogeneity in
sociodemographic characteristics. Eligibility criteria included:
(a) English- or Spanish-speaking; (b) age⩾18 years at enrollment;
and (c) single gestation pregnancy. Exclusion criteria included:
(a) maternal endorsement of drinking⩾ 7 alcoholic drinks/week at
any point during pregnancy, as usage above these thresholds has
been associated with increased risk for numerous health and
developmental problems40,41 and (b) maternal or child chronic
health conditions that would impede study participation.
Approximately 70% of eligible women approached agreed to
participate and continued follow-up after delivery (n = 311).
Based on screening data, there were no significant differences in
race/ethnicity, education, or income between women who enrol-
led and those who declined.
The current study included PRISM mother–child dyads

who provided data on maternal prenatal stress exposures and
child temperament when the child was ~30 months of age.
Due to truncation of funding supporting neurodevelopmental
assessments, a subsample of the PRISM cohort (N = 137
dyads) provided data for the current analyses. Dyads who

Prenatal stress, diet and child temperament 639

https://doi.org/10.1017/S2040174417000411 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174417000411


provided data for the current analyses did not differ from those
who did not on prenatal stress exposures, smoking during
pregnancy, or child sex, P’s> 0.15. Mothers who provided data
for the current analyses were older, P = 0.02, more likely to be
White, P< 0.001, and more likely to have greater than a high
school education, P< 0.001. Compared with mothers who did
not provide data for the current study, mothers who provided
data had higher intakes of vitamin E, magnesium, selenium,
and β-carotene, P’s< 0.05, but did not differ on intakes of
vitamins A or C or zinc, P’s> 0.05.

Measures

Prenatal stress

Maternal prenatal stress during pregnancy was assessed using the
Crisis in Family Systems-Revised (CRISYS-R) survey, which
inquires about recent exposure to negative life events.42

The CRISYS-R is suitable for sociodemographically diverse
populations, has good test/retest reliability, has been validated in
English and Spanish in samples of parents, and has been utilized
in several studies as a measure of prenatal stress.43–48 The survey
encompasses 11 domains (financial, legal, career, stability in
relationships, medical issues pertaining to self, medical issues
pertaining to others, safety in the community, safety in the home,
housing problems, difficulty with authority, discrimination), with
multiple items assessing each domain. Participants indicated
whether each event had occurred in the previous 6 months and
rated endorsed items as positive, negative, or neutral. Research
suggests increased vulnerability when exposed to negative events
across multiple domains.49 Thus, the number of domains with
one or more negative events endorsed was summed to create a
Negative Life Events domain score (NLE; possible range 0–11),
as done in earlier research.45,50 Higher scores indicate greater
stress exposure during pregnancy. Because participants completed
the CRISYS-R, on average, during the beginning of the third
trimester (see ‘Procedure’ section), the measure assessed stress
exposures from the beginning of pregnancy.

Antioxidant intakes

Maternal dietary and supplemental intakes were assessed using
the modified Block98 Food Frequency Questionnaire
(FFQ).51,52 The FFQ food list was based on the National
Health and Nutrition Examination Survey III (NHANES)
dietary recall data and was modified for the current study to
include a more extensive list of fish and seafood items.53 The
measure has been validated in multicultural populations,
including women, and can be administered in English or
Spanish.52,54 For each food/beverage item, participants were
asked how often (daily, weekly, monthly, or rarely/never) and
how much (small, medium, or large serving, with portion size
pictures provided) they consumed. The FFQ also inquired
about the type and frequency of vitamins, minerals, and other
dietary supplements used in the prenatal period.

Details of the dietary assessment and processing of the FFQ
data in this cohort have been previously described.36 In brief,
FFQ data were processed through the Block Dietary Data
System to calculate daily energy, macronutrient, and micro-
nutrient intakes using the NHANES and the United States
Department of Agriculture Nutrient Database for Standard
Reference.51,55,56 Micronutrient data included estimated anti-
oxidant intakes, which were validated within a subset (n = 42)
of the cohort using 24-h dietary recalls,57 considered the gold
standard for validation studies.58,59 The specific antioxidant
intakes estimated included vitamins A, C, and E, and magne-
sium, zinc, selenium, and β-carotene.57 Dietary antioxidant
intake values were energy-adjusted using the residual method,
as previously described.60 Supplemental intakes were then
added to the energy-adjusted dietary intakes to provide total
energy-adjusted intakes of each micronutrient, which were
used in the analyses.

Child temperament

Child temperament was assessed using the Early Childhood
Behavior Questionnaire-Very Short form (ECBQ-VS).61,62 The
36-item ECBQ-VS has demonstrated reliability and validity62

and is available in English and Spanish. The ECBQ-VS
was administered to mothers as an interview. Mothers rated
the frequency that their child engaged in specific day-to-day
behaviors in the prior 2 weeks using a seven-point scale, with
responses ranging from 1 (never) to 7 (always). Scores were
summed across items according to ECBQ-VS scoring criteria
to create three scales assessing different behavioral domains:
Negative Affectivity, Effortful Control, and Surgency/Extra-
version. Negative Affectivity assesses the tendency to express
negative affect, including fear, sadness, irritability, and anger.
Effortful Control assesses attentional abilities (attentional flex-
ibility and control), inhibitory control, and engagement in
positive low-intensity activities (e.g., cuddling). Surgency/
Extraversion assesses tendencies toward high activity level,
impulsivity, excitement/pleasure, and engagement with oth-
ers.61 These three scales conform to theory regarding the
structure of temperament in younger and older children, ado-
lescents, and adults,63 and are consistent with the factor
structure found in prior analyses of the standard 201-item
ECBQ.62,64 For each scale, higher scores indicate greater levels
of that temperamental trait.

Sociodemographic covariates

Mothers self-reported their age, race/ethnicity, and highest
level of education. Race/ethnicity was categorized into
White, Black/Haitian, Hispanic, and other; the majority
categorized as ‘other’ self-identified as Asian or multi-racial.
Education was dichotomized into ‘completion of high school
education or less’ or ‘greater than high school education.’
Child sex and child age at the ECBQ-VS assessment were also
considered in analyses.
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Procedure

Maternal sociodemographics were assessed shortly following
recruitment (M = 26.9 weeks gestation, S.D. = 8.1 weeks
gestation). Within 2 weeks of enrollment, trained research
assistants administered the CRISYS-R, and mothers completed
the FFQ. When the children were ~30 months of age
(M = 31.8 months, S.D. = 1.8 months), mothers completed
the ECBQ-VS. Study procedures were approved by the
relevant institutions’ human studies ethics committees.
Mothers provided written informed consent and were
administered questionnaires in their preferred language.

Data analytic plan

Data analyses proceeded in several steps. First, descriptive
statistics were calculated. Next, linear regression models
tested the association between prenatal stress exposures
(i.e., continuous NLE score from CRISYS-R) and the child
ECBQ-VS scores (Negative Affectivity, Effortful Control,
Surgency/Extraversion). Each ECBQ-VS score was modeled
separately. Adjusted models controlled for child sex and age at
the time of the ECBQ-VS administration as well as maternal
race/ethnicity, education, and age, as these sociodemographic
factors have been linked to maternal stress and child behavioral
outcomes.54,65 Next, linear regression models tested the
association between each prenatal antioxidant intake and
child ECBQ-VS scores. Because the distributions of intakes
were skewed for some of the individual antioxidants, the
individual antioxidant intake scores were dichotomized into
high v. low intake, based on the median split for each
antioxidant. The interactions between prenatal stress exposures
and antioxidant intake levels as predictors of ECBQ-VS scores
were then examined by formal tests of interaction by adding the
product term prenatal stress (continuous NLE score)×
antioxidant intake level (dichotomized) to the models.
The interactions were modeled separately for each antioxidant
(vitamins A, C, E and magnesium, zinc, selenium, β-carotene).
The interactions were tested only for temperament outcomes
that were significantly associated with prenatal stress exposures
in the linear regression models.

Results

Descriptive data

Table 1 details sample characteristics and descriptive statistics
for the main study variables. The sample was racially/ethnically
diverse, with 47% of mothers self-reporting their race/ethnicity
as White, 28% as Black/Haitian, 15% as Hispanic, and 10% as
other. The rates of child prematurity (<37 weeks = 5.1%) and
low birthweight (<2500 g = 3.6%) were very low.

As in other studies,64 the Pearson correlation coefficients
among the ECBQ-VS scale scores were small and in different
directions, supporting the decision to analyse them separately:
Negative Affectivity and Effortful Control r = − 0.26,

P = 0.002; Negative Affectivity and Surgency/Extraversion
r = 0.13, P = 0.13; Surgency/Extraversion and Effortful
Control r = 0.25, P = 0.003. The Spearman bivariate
correlation coefficients among the individual antioxidants
(continuous measures) were predominantly in the moderate
range, average rs = 0.59. Prenatal stress was not significantly
correlated with any of the individual antioxidant intakes,
P’s⩾ 0.10.

Table 1. Sample characteristics and distributions of main study variables
(N = 137)

n % M/MDa
S.D./
IQRb

Maternal education: ⩽ high school
diploma

16 12

Maternal race/ethnicity
White 65 47
Black/Haitian 38 28
Hispanic 21 15
Otherc 13 10

Maternal age at pregnancy (years) 32.10 4.95
Prenatal smoking 25 18
Child sex (male) 78 57
Child age at assessment (months) 31.84 1.77
Child birthweight (g) 3362 500
Child gestational age (weeks) 39.29 1.43
Prenatal stress exposures: CRISYS-R: NLEd 2.15 1.97
Prenatal antioxidant intakese

Vitamin A (μg/day) 1759.65 1551
Vitamin C (mg/day) 194.58 107.74
Vitamin E (mg/day) 13.53 8.08
Magnesium (mg/day) 350.73 129.31
Zing (mg/day) 16.39 11.16
Selenium (μg/day) 120.52 59.10
β-carotene (μg/day) 5286.92 4142

Child temperament scales (ECBQ-VS)f

Negative Affectivity 3.00 0.71
Effortful Control 4.95 0.69
Surgency/Extraversion 5.71 0.62

aMean (M) data presented for maternal and child age, child birth-
weight and gestational age, prenatal stress exposures, and child tem-
perament scale scores. Median (MD) data presented for prenatal
antioxidant intakes due to non-normality of distribution of data.
b
S.D. data presented for maternal and child age, child birthweight

and gestational age, prenatal stress exposures, and child temperament
scale scores. Interquartile range (IQR) presented for prenatal anti-
oxidant intakes due to non-normality of distribution of data.
cThe majority of mothers categorized as ‘other’ race/ethnicity self-

identified as Asian or multi-racial.
dPrenatal stress exposures assessed via the Negative Life Events

domain score (NLE) from the Crisis in Family Systems-Revised
(CRISYS-R) survey.
eAntioxidant intake scores available for 125 participants.
fChild temperament scores derived from the Early Childhood

Behavior Questionnaire-Very Short form (ECBQ-VS).
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Associations between prenatal stress and child temperament

Table 2 displays the results from the linear regression models
examining associations between prenatal stress and child Negative
Affectivity, Effortful Control, and Surgency/Extraversion. In an
unadjusted model, higher prenatal stress was associated with
increased child Negative Affectivity (β = 0.08, P = 0.009). In a
model adjusted for maternal race/ethnicity, education, and age and
child sex and age, the association between prenatal stress and child
Negative Affectivity remained significant (β = 0.06, P = 0.05).
In this model, none of the covariates reached significance.
In unadjusted and adjusted models, prenatal stress was not
significantly associated with Effortful Control (β = −0.03,
P = 0.39 and β = −0.01, P = 0.68, respectively) or Surgency/
Extraversion (β = 0.04, P = 0.14 and β = 0.02, P = 0.40,
respectively).

Associations between prenatal antioxidant intakes and child
temperament

Table 3 displays the results from the linear regression models
examining associations between the individual prenatal anti-
oxidant intakes (high v. low) and child Negative Affectivity,
Effortful Control, and Surgency/Extraversion. In unadjusted
models, greater child Negative Affectivity was associated with
lower prenatal intakes of vitamin A (β = −0.25, P = 0.047) and
β-carotene (β = − 0.27, P = 0.03), and greater child Effortful
Control was associated with higher prenatal intakes of vitamin C
(β = 0.25, P = 0.03). In models adjusted for maternal race/eth-
nicity, education, and age and child sex and age, greater child
Effortful Control continued to be associated with higher prenatal
intakes of vitamin C (β = 0.26, P = 0.03), and greater child
Surgency/Extraversion was associated with higher intakes of

Table 2. Results of linear regression models testing associations between
maternal prenatal stress exposures and child temperament domains

Variable β Estimate CI lower CI upper P-value

Child temperament scalesa

Negative Affectivity 0.08 0.02 0.14 0.009
Effortful Control −0.03 −0.09 0.03 0.39
Surgency/Extraversion 0.04 −0.01 0.09 0.14

Child temperament scalesb

Negative Affectivity 0.06 −0.001 0.12 0.05
Effortful Control −0.01 −0.08 0.05 0.68
Surgency/Extraversion 0.02 −0.03 0.08 0.40

CI, confidence intervals.
Prenatal stress assessed via the Negative Life Events domain score from
the Crisis in Family Systems-Revised (CRISYS-R) survey. Child
temperament scale scores derived from the Early Childhood Behavior
Questionnaire-Very Short form (ECBQ-VS).
aUnadjusted analyses, N = 137.
bAnalyses adjusted for child sex and age at ECBQ-VS assessment and

for maternal race/ethnicity, education, and age at study enrollment,
n = 135.

Table 3. Results of linear regression models testing associations between
maternal prenatal antioxidant intakes and child temperament domains
(n = 125)

Antioxidant variable β Estimate CI lower CI upper P-value

Child Negative Affectivitya

Vitamin A −0.25 −0.49 −0.01 0.047
Vitamin C −0.009 −0.25 0.24 0.94
Vitamin E −0.01 −0.26 0.23 0.91
Magnesium 0.002 −0.24 0.25 0.99
Zinc −0.18 −0.42 0.07 0.15
Selenium −0.23 −0.48 0.009 0.06
β-carotene −0.27 −0.51 −0.03 0.03

Child Effortful Controla

Vitamin A 0.069 −0.16 0.29 0.55
Vitamin C 0.25 0.03 0.47 0.03
Vitamin E −0.02 −0.25 0.20 0.83
Magnesium 0.11 −0.11 0.34 0.32
Zinc 0.01 −0.21 0.24 0.92
Selenium 0.05 −0.18 0.27 0.68
β-carotene −0.02 −0.24 0.21 0.88

Child Surgency/Extraversiona

Vitamin A 0.11 −0.11 0.33 0.33
Vitamin C 0.19 −0.03 0.40 0.09
Vitamin E −0.09 −0.31 0.13 0.42
Magnesium 0.01 −0.20 0.23 0.90
Zinc 0.05 −0.16 0.27 0.63
Selenium 0.13 −0.08 0.35 0.23
β-carotene −0.007 −0.22 0.21 0.95

Child Negative Affectivityb

Vitamin A −0.13 −0.40 0.14 0.34
Vitamin C 0.05 −0.19 0.30 0.66
Vitamin E 0.11 −0.15 0.37 0.39
Magnesium 0.09 −0.16 0.34 0.50
Zinc −0.07 −0.34 0.19 0.58
Selenium −0.12 −0.39 0.14 0.36
β-carotene −0.17 −0.43 0.09 0.21

Child Effortful Controlb

Vitamin A 0.06 −0.19 0.31 0.65
Vitamin C 0.26 0.03 0.48 0.03
Vitamin E −0.01 −0.25 0.23 0.93
Magnesium 0.12 −0.12 0.35 0.33
Zinc 0.01 −0.24 0.25 0.96
Selenium 0.06 −0.19 0.31 0.63
β-carotene −0.01 −0.25 0.24 0.96

Child Surgency/Extraversionb

Vitamin A 0.23 0.01 0.47 0.047
Vitamin C 0.22 0.01 0.42 0.045
Vitamin E −0.04 −0.27 0.18 0.72
Magnesium 0.06 −0.16 0.28 0.59
Zinc 0.14 −0.09 0.37 0.23
Selenium 0.27 0.04 0.50 0.02
β-carotene 0.10 −0.13 0.33 0.39

CI, confidence intervals.
Child temperament scale scores derived from the Early Childhood
Behavior Questionnaire-Very Short form (ECBQ-VS).
aUnadjusted analyses.
bAnalyses adjusted for child sex and age at ECBQ-VS assessment and

for maternal race/ethnicity, education, and age at study enrollment.
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vitamin A (β = 0.23, P = 0.047), vitamin C (β = 0.22,
P = 0.045), and selenium (β = 0.27, P = 0.02).

Modification of prenatal stress effects on child temperament
by prenatal antioxidant intakes

In linear regression models adjusted for maternal race/
ethnicity, education, and age and child sex and age, the product
term prenatal stress (continuous NLE score)× individual
antioxidant intakes (high v. low) were significant in predicting
child Negative Affectivity for zinc, P = 0.047, and selenium,

P = 0.024, and approached significance for vitamin A,
P = 0.075, and vitamin C, P = 0.059. In each instance,
the association between higher prenatal stress and increased
child Negative Affectivity was stronger among children
of mothers with lower prenatal antioxidant intakes (Fig. 1).
The interaction terms were not significant for vitamin E,
P = 0.85, magnesium, P = 0.69, or β-carotene, P = 0.86,
in predicting child Negative Affectivity. Effect modification
was not tested for child Effortful Control or Surgency/
Extraversion given the lack of main effects of prenatal stress on
these temperament domains.
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Figure 1. Associations between prenatal stress and child negative affectivity: effect modification by maternal prenatal antioxidant intakes
(n = 122). Prenatal stress assessed via the Crisis in Family Systems-Revised (CRISYS-R) survey. Child negative affectivity assessed via the Early
Childhood Behavior Questionnaire-Very Short form (ECBQ-VS). Individual antioxidant intakes assessed via the Block98 Food Frequency
Questionnaire (FFQ), modified. Figure depicts the change in child ECBQ-VS Negative Affectivity scores associated with each unit increase in
prenatal Negative Life Events domain score exposures (NLE) assessed via the CRISYS-R, grouped by maternal prenatal intakes of zinc,
selenium, and vitamins A and C. High and low-antioxidant intake groups were determined by median split (see Table 1 for median split values
for each antioxidant). Analyses adjusted for maternal race/ethnicity, education, and age and child sex and age. The formal interaction term
(continuous NLE score× dichotomized antioxidant intake score) was significant for zinc, P = 0.047, and selenium, P = 0.024, and
approached significance for vitamin A, P = 0.075, and vitamin C, P = 0.059. In each panel, the light shaded region represents 95%
confidence intervals for predicated average child Negative Affectivity among mothers with low-antioxidant intakes (solid line); the medium
shaded region represents 95% confidence intervals for predicated average child Negative Affectivity among mothers with high antioxidant
intakes (dashed line); and the dark shaded region represents the overlap between 95% confidence intervals. The interaction term was not
significant for vitamin E, magnesium, or β-carotene, P’s>0.60 (not shown).
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Discussion

The overall goal of this study was to examine associations
among prenatal maternal stress, antioxidant intakes during
pregnancy, and child temperament at age 30 months in a
sociodemographically diverse longitudinal pregnancy cohort.
Animal and human studies strongly suggest that prenatal stress
and maternal nutrition during pregnancy influence fetal brain
development and, consequently, child neurocognitive and neuro-
behavioral outcomes. However, little research has examined
their joint effects, particularly in relation to child temperament.
Data from various lines of research suggest that maternal
antioxidant intakes during pregnancy may mitigate the effects of
prenatal stress on child neurodevelopment.15,29–31,39 This is the
first longitudinal population-based study to examine potential
modification of prenatal stress effects on child temperament by
maternal prenatal antioxidant intakes.

Analyses revealed that maternal exposure to negative life events
during pregnancy (i.e., prenatal stress) was associated with
increased child negative affectivity but not with child effortful
control or surgency/extraversion. These results are consistent with
the many studies that have linked maternal prenatal stress to
various indictors of infant negative affectivity.8–11 Fewer studies
have examined associations between prenatal stress and child
effortful control, although some have documented negative
associations with child attentional and behavioral regulation. The
absence of an association between prenatal stress and child
effortful control in our study may be attributable to differences
across studies in how prenatal stress is operationalized. In the
current study, prenatal stress was quantified as the number of
domains (e.g., financial, relationship) in which the mother
experienced a negative event during pregnancy. A wide variety of
conceptualizations of prenatal stress have been used across studies,
including exposure to stressful events, stress reactions (e.g., feel-
ings of stress, anxiety, depression), and pregnancy-specific
concerns. Different associations with measures of child atten-
tional and behavioral regulation as well as neurocognitive out-
comes emerge for different conceptualizations of prenatal
stress.8,12,13 Studies testing associations between prenatal stress
and child surgency/extraversion are lacking. Because surgency/
extraversion incorporates characteristics that may be perceived as
positive traits (e.g., engagement with others), as well as potential
risk factors (e.g., impulsivity), high or low levels of surgency/
extraversion do not necessarily indicate behavioral or mental
health risk.66

More research is needed to specify the different types of stress
exposures and stress reactions that influence different domains
of temperament and to explicate the underlying mechanisms
that contribute to these patterns of association. Data suggest
that multiple pathways are involved in prenatal stress effects on
fetal development [e.g., oxidative stress, programming of the fetal
hypothalamic–pituitary–adrenal axis (HPAA) and autonomic
nervous system, shaping of the structure and functioning of
the amygdala and prefrontal cortex].12,13 Different patterns of
involvement of these various neural and stress regulatory systems

are hypothesized to contribute to the various temperament
domains.45,64 Negative affectivity may show the most consistent
associations with prenatal stress because the hypothesized under-
lying associated systems (e.g., HPAA, amygdala) are particularly
susceptible to prenatal stress exposure effects.45

There was modest evidence that prenatal antioxidant intakes
were associated with child temperament. Specifically, lower
intakes of vitamin A and β-carotene were associated
with increased child negative affectivity, and higher intakes of
vitamin C, with greater effortful control. However, in analyses
adjusted for sociodemographic factors, the associations
between prenatal antioxidant intakes and child negative
affectivity were no longer significant, and associations between
greater surgency/extraversion and higher intakes of vitamin A,
vitamin C, and selenium emerged. More research is needed to
determine the nature of associations between prenatal dietary
intakes and child temperament. Although inadequate prenatal
nutrition has been identified as a risk factor for poor
child neurodevelopmental outcomes,15 links specifically to
temperament are limited.7 For temperament outcomes,
antioxidant intakes may not have general effects but rather exert
influence under specific conditions (e.g., high oxidative stress)
and for temperament domains that are most susceptible to
prenatal stress effects (e.g., negative affectivity).
The current study findings, in fact, suggest that intakes of

certain antioxidants during pregnancy may modify the impact
of prenatal stress exposures on child negative affectivity.
Specifically, the association between higher prenatal stress
exposures and increased child negative affectivity was stronger
among children of mothers with lower prenatal intakes of zinc
and selenium and tended to be stronger among children of
mothers with lower prenatal intakes of vitamins A and C.
No modification of prenatal stress effects on child negative
affectivity were found for vitamin E, magnesium, or β-carotene.
These results are consistent with the literature indicating that
certain antioxidants exert greater influence on neurodevelop-
ment than others.39 Notably, zinc, selenium, and vitamin A
have been specifically identified as nutrients with particular
impact on neuronal cell growth and development during the
late fetal and neonatal time period.39 An examination of the
pattern of results suggests that higher intakes of these anti-
oxidants may provide protection against the effects of prenatal
stress on child negative affectivity, possibly by reducing the
impact of oxidative stress on developing fetal stress regulatory
systems. Further study is needed to determine if the results
were driven by insufficient antioxidant intakes in the low-
antioxidant intake groups or by enhanced intakes among those
in the high intake groups.
This study has several strengths. It is the first prospective

population-based study to report associations among maternal
prenatal stress, maternal micronutrient antioxidant intakes,
and child temperament. Notably, the sample comprised pre-
dominantly normal birthweight children. This study is timely
given that, in high-income countries such as the United States
and the United Kingdom, micronutrient inadequacies appear
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to be emerging as dietary patterns of high fat and sugar and low
nutrient density are increasingly reported.67 The diversity of
the sample allows for increased generalizability of the findings,
although care should be taken in applying the results to
clinically at-risk populations (e.g., extreme temperament), for
whom developmental processes may differ.68 The dietary
exposure measure used has been validated in multicultural and
periconceptional populations51,52 and has been widely used to
estimate dietary intakes over long periods of time (e.g.,
months), including during pregnancy.69 Moreover, the mea-
sure was validated within a subset of the current cohort using an
extensive four-step automated dietary recall process.57 Also,
this study considered associations among prenatal stress and
nutrition and temperament in childhood; the majority of studies
to date in this area have focused on infancy and often on specific
temperament domains (e.g., only negative affectivity). By
extending our earlier findings showing that prenatal diet may
mitigate prenatal stress effects on temperament from infants to
toddlers, this study provides further support for the hypothesis
that prenatal dietary interventions may provide some long-term
protection against prenatal stress exposure effects.

This study also has limitations. The prenatal stress measure
may not have captured all events that occurred during the
entire pregnancy and may have covered varying periods of
gestational age across participants. Current data indicate
that timing of stress exposures may influence the nature of
neurobehavioral effects, including temperament;10,14 our
measures did not allow us to quantify stress exposure by
gestational age. This measurement error would be expected
to be similar in women regardless of child temperament
characteristics (i.e., non-differential misclassification), resulting
in an underestimation of the association between prenatal stress
and child temperament. Future studies should attempt to
determine if timing of stress exposures and dietary intakes
during pregnancy influences the various domains of child
temperament; possibly different temperamental domains
are more vulnerable to diet and stress exposure effects during
different stages of pregnancy.

Maternal report of child temperament offers the strength
of taking advantage of the mother’s ability to observe her
child’s behavior over a range of contexts; however, reliance on
maternal report increases risk for diminished validity due to the
potential impact of maternal psychopathology or personality on
the accurate perception and reporting of child behaviors.10

The ECBQ-VS was designed to reduce the influence of such
biases by inquiring about concrete child behaviors rather than
asking for abstract judgments, and the measure has shown
strong psychometric properties.62,64 Future studies should
consider incorporating independent assessments of child
temperament to more fully explicate associations among
prenatal stress, nutrition, and child temperament. Future
studies may also consider measuring serum micronutrient
concentrations to ascertain potential differences in bioavail-
ability due to expansion in plasma volume during gestation and
other adaptations to the pregnant state. Finally, this study did

not consider parental (maternal or paternal) or child postnatal
stress exposures or child nutritional status, which may have
influenced child temperament. Notably, data suggest that
prenatal exposures exert effects on child emotional functioning
independent of postnatal factors.10,70–72 Nevertheless, studies
should consider whether the associations assessed here may be
influenced by postnatal factors.
We controlled for a number of possible confounders, including

maternal age, race/ethnicity, and education and child sex and age.
A number of other potential risk factors were minimally present
in this sample (e.g., prematurity, low birthweight, prenatal alco-
hol and drug use). Such risk factors may contribute to associations
between prenatal stress and child temperament. For example, the
effects of maternal prenatal stress on child temperament may be
mediated, in part, by premature birth. Future research with larger
samples and greater variability in perinatal health factors should
explore the role of perinatal health in associations among prenatal
stress and nutrition and child behavioral outcomes. Other possi-
ble confounders were not considered, including variables that
may covary with maternal stress and result in increased oxidative
stress to the fetus (e.g., prenatal smoking, other nutritional
intakes). Including such variables may have resulted in
overcorrection of the tested associations, particularly in a sample
of this size. Notably, another study examining links between
maternal prenatal stress and infant temperament found
significant associations even after excluding or controlling for
multiple potential confounders, including maternal age, income,
and education, medical risk during pregnancy, mode of delivery,
adverse birth outcomes, birthweight, gestational age, breast-
feeding status, and child sex.14 Moreover, prenatal antioxidant
intakes may reduce oxidative stress effects on infant temperament
regardless of the specific source(s) of oxidative stress. Studies that
include direct assessment of oxidative stress levels before and after
dietary intervention may help address this question. Such studies
should also consider whether the source of antioxidant intakes
(food, supplements) influences these processes. Finally, mothers
with relatively higher and lower prenatal antioxidant intakes may
have differed in unmeasured ways that influenced the tested
associations. For example, mothers with higher intakes may have
had better overall nutrition, greater access to compensatory
instrumental and social resources, and/or exposure to different
sources of stress that differentially impacted fetal development
compared to mothers with lower intakes. These hypotheses need
to be tested in future studies.
In summary, the current study’s findings are in line with pre-

vious reports linking maternal prenatal stress exposures to child
negative affectivity and suggest that maternal intake of select
antioxidants during pregnancy may mitigate these effects.
Research indicates that negative affectivity may have particular
import for developmental outcomes.Measures of infant and child
negative affectivity show similarity to the adult personality factor
of neuroticism,1 suggesting that negative affectivity may be
relatively stable across the life course. Moreover, elevated negative
affectivity in early childhood appears to heighten sensitivity to
environmental influences, increasing the likelihood of negative
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outcomes (e.g., psychopathology) under poor environmental
conditions, including high stress.73–79 Thus, explicating factors
that influence negative affectivity may inform intervention efforts
to optimize child neurobehavioral and mental health outcomes,
particularly in stress-exposed populations. The current findings
support ongoing efforts to determine if optimizing maternal
nutrition during pregnancy mitigates the effects of prenatal stress
exposures on child developmental outcomes.
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