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BACKGROUND: Executive function (EF) develops throughout childhood and adolescence; however, little is known about whether
and how early life factors are associated with EF during these two stages. This secondary analysis examined the associations
between maternal psychological characteristics at 2 years after childbirth and offspring EF at 6 and 18 years.

METHODS: Data were from the 18-year New Mothers’ Study in Memphis, TN. Women who self-identified as African-American were
included (mother—child dyads: N = 414). Maternal psychological characteristics (e.g., depressive symptoms, self-esteem) were
assessed using standardized questionnaires; offspring EF at 6 (i.e., working memory, response inhibition) and 18 years (e.g., working
memory, sustained attention) were assessed using age-appropriate cognitive tasks. Statistical analyses included principal

component analysis (PCA) and regression models.

RESULTS: PCA reduced the correlated psychological characteristics to two factors: emotionality (depressive symptoms, emotional
instability) and psychological resources (self-esteem, mastery, active coping). After controlling for maternal 1Q, maternal
emotionality was associated with worse working memory and response inhibition (marginally significant) at 6 years. Maternal
psychological resources were marginally associated with better working memory at 6 years.

CONCLUSIONS: Maternal psychological characteristics may be associated with later EF in offspring. Future studies are needed to

replicate these findings and to explore potential mediators.

Pediatric Research (2022) 92:1051-1058; https://doi.org/10.1038/541390-022-02084-x

IMPACT:

® African-American mothers’ depressive symptoms and emotional instability at 2 years after childbirth were associated with

offspring executive function at 6 and 18 years.

® African-American mothers’ psychological resources at 2 years after childbirth were marginally associated with offspring working

memory at 6 years.

® Maternal IQ attenuated all of the associations observed between maternal psychological status and offspring executive

function.

INTRODUCTION

Executive function (EF) plays a fundamental role in every aspect of
life: it supports a set of higher-order cognitive processes such as
reasoning, planning, and problem-solving, regulates thoughts and
emotions, assists with goal-directed behaviors, and enables an
individual to successfully perform complex tasks.' EF initially
manifests as a unidimensional component, but it gradually
dissociates into several related but separate sets of cognitive
abilities as children transition into school age and adolescence.?
Although there is no consensus about what specific cognitive
abilities should be included in EF, it is well accepted that
working memory, inhibition, and decision making are three
important ones.

Working memory refers to the storage and manipulation of
verbal or visual-spatial information over a short period of time,
and the stored information interacts with long-term memory to
facilitate ongoing cognitive tasks.> Inhibition includes two
distinguishable components—response inhibition and attentional
inhibition, which describe the suppression of goal-irrelevant
behavioral responses and distracting stimuli, respectively.” Atten-
tional inhibition is, by definition, close to sustained attention,
which conceptualizes the ability to maintain focus on a task that is
non-arousing. Decision-making is considered a higher-order EF
underpinned by working memory and inhibition, and one of its
specific types is risky decision-making. Individuals who have
deficits in risky decision-making are likely to choose the option
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that may generate positive outcomes in the short term but carry
uncertain or negative long-term consequences.’

Compelling evidence supports childhood and adolescence as
critical developmental stages of EF.>® During these two stages, the
prefrontal cortex, the key brain region associated with EF, grows
rapidly and does not mature until early adulthood. Along with the
anatomical brain development, functional studies have consis-
tently shown that working memory (verbal, visual-spatial),”®
response inhibition,”'® and sustained attention®'® dramatically
improve during early childhood (birth to year 8) and continue to
develop, although at a much slower rate, throughout adolescence
into the early 20s. The developmental trajectory tends to be
distinct for risky decision-making, as adolescents often make more
risky decisions than younger children.'"'> Meanwhile, despite the
ongoing development of EF, children and adolescents often have
an increasing demand for EF to support growing independence,
autonomy, and new sets of responsibilities. These challenges
further contribute to vulnerability to EF deficits during childhood
and adolescence.

Deficits in working memory, inhibition, and risky decision-
making individually increase the risk for a broad spectrum of
neurocognitive (e.g., attention deficit hyperactivity disorder'?),
mental (e.g., substance use,'* eating disorders'), and behavioral
(e.g., self-harm'®) disorders. Therefore, to optimize children’s and
adolescents’ well-being, it is critical to understand the factors that
may contribute to EF development.

EF development is sensitive to early caregiving environments,
especially early parenting behaviors: longitudinal studies have
shown that positive parenting behaviors (e.g., involvement,
autonomy support) were associated with developmental gains in
child EF, while negative behaviors (e.g., insensitivity) predicted
lower performance in EF in offspring during later life stages.'’~%°
Parenting behaviors are strongly influenced by caregivers’
psychological characteristics, such as depressive symptoms,
emotional instability (the tendency to lose emotional balance),
self-esteem (the overall evaluation of one’s worth), mastery (the
degree of one’s perceived control over life), and coping style. For
instance, caregivers with more depressive symptoms tend to
display insensitive parenting behavior,?' while those with higher
levels of self-esteem, mastery, or active coping report less
parenting stress, thus better parenting outcomes.”? In addition
to influencing parenting behaviors, caregivers’ psychological
status also impacts offspring stress responses (e.g., disrupted
hypothalamic-pituitary-adrenal axis) and results in structural and
functional brain changes,®® all of which have implications in EF
development.

Despite the theoretical link between caregivers’ psychological
characteristics and subsequent EF development in the offspring,
limited research has empirically tested this relationship. Few
studies have investigated maternal depressive symptoms and
documented a significant, prospective association with impaired
EF (a composite of working memory and inhibition) in preschoo-
lers (4-6 years old)*"**"2° and impaired inhibition in school-aged
children.?” While these studies provide evidence that maternal
psychological status is a potential determinant of offspring EF, the
disproportional focus on childhood overlooks the important
developmental period of adolescence. Furthermore, the narrow
scope on depressive symptoms creates a missed opportunity for
understanding the effect of a broader range of maternal
psychological profiles (e.g., emotional instability, self-esteem,
mastery, coping style) on offspring EF. Additional limitations
include a lack of control of maternal characteristics that are known
to influence child cognitive development (especially maternal
intelligence quotient (1Q))**2” and an insufficient presentation of
mothers of young age and who are racial minorities, especially
African-Americans (AAs).

AA mothers are unique in several ways. First, due to economic
adversity, social disadvantage, deprived healthcare access, and
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racial discrimination, AA mothers experience more depressive
symptoms and higher perceived stress at postpartum than their
white counterparts.’® Second, there is evidence that AAs are less
likely to use adaptive coping strategies when facing adverse
events.? Finally, although AAs report comparable or even higher
self-esteem and mastery than whites,*>3" they tend to benefit less
from these internal resources. In addition to the racial disparities,
being a young mother is associated with challenges such as
financial uncertainty, unstable partner relationship, and the need
for their own development, all of which add psychological burden
to motherhood.

Using data from a cohort of young, AA mothers and their
firstborn children, the objective of this study was to examine the
associations between maternal psychological characteristics at 2
years after the birth of their first child and the child’s EF at 6 and
18 years.

METHODS
Study design
This is a secondary analysis using data from the 18-year follow-up New
Mothers’ Study in Memphis, TN. The New Mothers’ Study was a
randomized controlled trial that tested the effect of prenatal and infancy
home visiting by nurses on maternal and child health and well-being.
Women <29 weeks’ gestation with no previous live births and at least two
sociodemographic risks (unmarried, <12 years of education, or unem-
ployed) enrolled in 1990-1991. Enrolled women were randomly assigned
to four treatment groups: (1) free transportation to prenatal care; (2)
transportation to prenatal care and developmental screening for the
children; (3) transportation to prenatal care, developmental screening, and
prenatal home visits by nurses; and (4) transportation to prenatal care,
developmental screening, prenatal home visits, and postnatal home visits
through age 2 years by nurses. To reduce the cost of study, only mothers
and their firstborn child from groups 2 (control) and 4 (intervention) were
followed and assessed at 2, 6, 9, 12, and 18 years after the delivery of the
child. The major features of the design have been reported earlier.3>*3
Informed consent was obtained from all participants and the study was
approved by University of Rochester Institutional Review Board. The New
Mothers’ Study in Memphis, TN has been registered at www.clinicaltrials.
gov (identifier NCT00708695). The consort diagram and consort checklist
has been published elsewhere *

Participants

To avoid the intervention effect, only mothers and their firstborn child from
the control group (group 2) were included. Additional inclusion criteria
were the following: (1) mothers completed the follow-up assessments at 2
years; (2) mothers' firstborn child completed the follow-up assessments at 6
or 18 years; and (3) mothers self-identified as AA.

A total of 515 mothers were assigned to the control group, and 467
completed the 2-year assessment. Among these 467 mothers, 439 self-
identified as AA. Among children of these 439 AA mothers, 25 did not
complete the 6- or 18-year assessment and thus were excluded from
analysis, resulting in a final sample size of 414.

Measurements

Maternal and child data were collected by staff masked to treatment
assignment at 2, 6, 9, 12, and 18 years after delivery. For this analysis,
maternal data at 2 years and child data at 6 and 18 years were used.

Maternal psychological characteristics at 2-year follow-up
Depressive symptoms were measured by the Depression subscale of the
38-item RAND Mental Health Inventory, which is widely used to assess
psychological distress in the general population.>* The Depression subscale
contains four items that queried the frequency that participants felt
depressed, downhearted and blue, moody or brooded about things, and
low or very low spirits during the past 30 days. Responses were scored with
a Likert scale ranging from 1 to 5. A higher average score represents higher
depressive symptoms.

Emotional instability was measured by the Loss of Behavioral or
Emotional Control subscale of the RAND Mental Health Inventory. It
includes 9 items that assess the frequency that participants felt in control
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or concerned about losing control of behaviors/emotions during the past
30 days. Responses were scored from 1 to 5, and a higher average score
indicates higher emotional instability.

Self-esteem was measured by the 10-item Rosenberg’s Self-Esteem
Scale, which is a well-known tool that assesses global self-esteem.®
Women were asked to rate how strongly they agree or disagree with the
statements of positive and negative feelings about the self on a 4-point
scale (1 = strongly disagree to 4 = strongly agree). A higher average score
means higher self-esteem.

Mastery was measured by the seven-item Pearlin mastery scale, which is
a validated tool to assess a person’s perceived control of their life.3
Responses to all items were rated on a 4-point Likert scale (1 = strongly
disagree to 4 =strongly agree). A higher average score represents a
greater sense of mastery.

Adaptive coping was measured by combining 3 subscales of the 60-item
Coping Orientation to Problems Experienced scale, which was designed to
measure effective and ineffective ways of coping with stressful life
events.?” The three subscales were Use of Instrumental Social Support (four
items), Active Coping (four items), and Planning (four items). Women were
asked to rate the frequency of using coping strategies on a 4-point scale
ranging from 1 (did not do at all) to 4 (did a lot). A higher average score
means the more frequent use of adaptive coping.

Offspring EF at 6-year follow-up
Working memory was assessed by the Sequential Processing domain of
Kaufman Assessment Battery for Children, which is a validated measure of
intelligence and achievement for children aged 2.5-12.5 years>® The
Sequential Processing contains three subtests: Number Recall (the examiner
presented a series of numbers, and the child was asked to repeat the
numbers in the same sequence), Word Order (the examiner ordered a
series of objects, and the child was asked to touch the objects in the same
order), and Hand Movements (the examiner performed some hand
movements, and the child was asked to imitate the movements). A higher
global score of Sequential Processing means better working memory.
Response inhibition was measured by the Color-Word Stroop task.>® In
this task, children were presented with several words that describe colors.
Furthermore, the color ink of the word was not congruent with the
meaning of the word (e.g., the word “red” was printed in green ink).
Children were instructed to name the color ink of the presented word and
to ignore the meaning of the word as quickly and accurately as possible. A
higher number of errors means poorer response inhibition.

Offspring EF at 18-year follow-up

Working memory was measured by the Digital Span subtest of the
Wechsler Adult Intelligence Scale, which is one of the most advanced
instruments that evaluate the cognitive ability of individuals 16 years of
age and older.”® In this test, adolescents were asked to listen to sequences
of numbers orally and repeat them in a forward order, backward order, and
ascending order. The score comprised the longest number of digits
correctly repeated. For analysis, the raw scores were transformed to scaled
scores based on chronological age, with higher scores representing better
working memory.

Sustained attention was measured by the Attention Sustained subtest of
the Leiter International Performance Scale, which has been widely used to
examine individuals’ cognitive functioning.*! In the test, children were
shown a page with target and non-target figures, and they were asked to
mark the target figures and cross out non-target ones within certain time
limits. The score was the number of correct responses, and the raw scores
were converted to normalized scaled scores based on chronological age. A
higher score indicates better sustained attention.

Risky decision-making was measured by a probabilistic gambling task.'?
In this task, children were asked to choose one of the two “wheels of
fortune” presented on a computer screen, with the aim of maximizing the
number of points won. When the child made a choice, an arrow spun
around the wheel and then stopped on the number of points won or lost.
Based on the difference in expected value and actual outcomes between
gambles, a coefficient for risk was generated—a high, positive coefficient
indicates a more risky choice.'” For analysis, the proportion of risky and
very risky choices were combined to represent risky decision-making.

Analysis
Statistical analysis was performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NQ). Continuous variables were described in mean and standard
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deviation; categorical variables were described in number and percentage.
Missing data were assumed as missing at random, and no imputation was
performed. A p value of <0.05 was considered statistically significant.

Considering that the five psychological characteristics (depressive
symptoms, emotional instability, self-esteem, mastery, and coping styles)
were significantly correlated with each other (at least r=0.14, p <0.01), a
principal component analysis (PCA) was first conducted to minimize the
multicollinearity by transforming the characteristics to new sets of linearly
uncorrelated factors. The new factors maintain the variability and
predictive value of the original characteristics. The PCA was exploratory
and was performed with varimax orthogonal rotation. The sampling
adequacy and suitability of using PCA were determined by the
Kaiser-Meyer-Olkin (KMO) test and Bartlett's Sphericity test, respectively.
The decision on how to transform the five characteristics was based on
considering the combination of interpretability, the eigenvalues (>1), and
the loading value (=0.50).*?

Following PCA, linear regression models were used to evaluate the
effects of the transformed factors with offspring EF at 6 and 18 years. Each
EF component was examined separately. Given that maternal IQ has been
reported as one of the strongest determinants of offspring cognitive
functions,* two regression models without (model 1) and with (model 2)
adjustment for maternal 1Q were built. In model 1, covariates considered
included gestational age at delivery, pre-pregnancy body mass index
(BMI), offspring sex, household income, maternal education, maternal
employment, and marital status at 2-year assessment. To reduce the risk
of overfitting the regression model, the binary association between each
covariate with each EF component was first examined. Then the
covariates with a p value <0.10 determined in this univariate analysis
were carried into the multiple regression models. Based on the multiple
regressions in model 1, model 2 further included maternal IQ as a
covariate.

RESULTS

Description of maternal and offspring characteristics

At randomization, mothers (N =414) had a mean age of 17.94+
3.04 years. The mean pre-pregnancy BMI was 23.07 + 5.00 kg/m?,
and the mean gestational age at delivery was 39.07 + 2.28 weeks
(Table 1). At 2 years after childbirth, approximately one-third of
mothers were employed (34.1%), and only a small portion of them
were married (5.1%). Offspring sex was equally distributed (female:
50.2%; Table 2).

Principal component analysis

The sample was considered adequate because the KMO value was
0.68, which was higher than the threshold of 0.50. The p value of
the Bartlett’s Sphericity test was <0.01, which supports the use of
PCA and suggests that the characteristics can be transformed to at
least two factors. After PCA, a two-factor solution was revealed
(with eigenvalues >1, and loading value >0.50), accounting for
76.03% of the variance. Factor 1 comprised two characteristics
(depressive symptoms, emotional instability) labeled as emotion-
ality; factor 2 had three characteristics (self-esteem, mastery, active
coping) named psychological resources (Table 3).

Associations of maternal emotionality and psychological
resources with offspring EF

In model 1 (without adjusting for maternal 1Q), maternal
emotionality (higher levels of depressive symptoms and emotional
instability) was associated with worse 6-year working memory (3
= —1.87, 95% confidence interval (Cl) —3.15, —0.60) and 6-year
response inhibition (8=0.37, 95% Cl 0.02, 0.72) and marginally
associated with 18-year working memory (8= —0.26, 95% Cl
—0.56, 0.03). In model 2 (adjusting for maternal 1Q), the association
between maternal emotionality and 6-year working memory was
attenuated but remained significant (3= —1.79, 95% Cl —3.05,
—0.52). However, the significant association with 6-year response
inhibition became marginally significant (8 =0.33, 95% Cl —0.03,
0.68), and the borderline association with 18-year working
memory disappeared (8= —0.22, 95% Cl —0.52, 0.08).
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Table 1. Description of maternal characteristics (N =414).

Values
17.94 +3.04 (414)
39.07 +2.28 (414)

Characteristics
Age at randomization (years), mean + SD (n)

Gestational age at delivery (weeks),
mean = SD (n)

Pre-pregnancy body mass index (kg/mz), 23.07 +£5.00 (394)

mean = SD (n)

1Q at randomization, mean + SD (n) 96.00 + 10.02 (414)

Education at 2 years (highest school year 1472 +9.61 (414)

completed), mean £ SD (n)

Total household income per years at 2 5410.19 +
years, mean = SD (n) 4556.67 (412)
Employment at 2 years, (n) 414
Currently employed, n (%) 141 (34.1)
Whether in school at 2 years, (n) 337

In school, n (%) 114 (33.8)
Marital status at 2 years, (n) 414

Married, n (%) 21 (5.1)

Depressive symptoms at 2 years (score 2.09+0.62 (414)

range: 1-5), mean £ SD (n)

Emotional instability at 2 years (score
range: 1-5), mean £ SD (n)

1.26 £ 0.59 (414)

Self-esteem at 2 years (score range: 1-4), 3.33+043 (414)

mean = SD (n)

Mastery at 2 years (score range: 1-4), 3.12+0.49 (414)

mean = SD (n)

Active coping at 2 years (score range:
1-4), mean = SD (n)

297 £0.57 (414)

Table 2. Description of offspring characteristics (N = 414).
Characteristics Values
Sex, n 414
Female, n (%) 208 (50.2)

Working memory at 6 years, mean = SD (n) 95.07 = 12.99 (397)
3.77 £3.60 (391)
8.54 +2.82 (395)
8.72+2.67 (395)

0.58£1.12 (392)

Response inhibition at 6 years, mean + SD (n)
Working memory at 18 years, mean £ SD (n)
Sustained attention at 18 years, mean + SD (n)
Risky decision-making at 18 years, mean + SD (n)

Table 3. Factor loading in principal component analysis (N = 414).
Factor 1 Factor 2
Depressive symptoms 0.93* —0.11
Emotional instability 0.95* —0.09
Self-esteem —0.39 0.68*
Mastery —0.64 0.50*
Coping style 0.04 0.86*

*represents factor loading value 20.50.

Total variance explained: 76.03%.

Factor 1 was labeled emotionality; factor 2 was labeled psychological
resources.

Maternal psychological resources demonstrated limited asso-
ciation with offspring EF. In model 1, the association between
psychological resources and 6-year working memory approached
significance (8=1.26, 95% Cl —0.03, 2.56). This borderline
association was further weakened by adding maternal IQ (8=
1.11, 95% CI —0.18, 2.41).

SPRINGER NATURE

Maternal 1Q was associated with four of the five examined EF
components: working memory (8=0.16, 95% Cl 0.02, 0.29) and
response inhibition (marginally significant, 8= —0.04, 95% ClI
—1.94, 0.05) at 6 years, and working memory (8 =0.05, 95% ClI
0.01, 0.08) and sustained attention (8 = 0.05, 95% Cl 0.02, 0.07) at
18 years.

Several covariates were significantly associated with offspring
EF after accounting for maternal IQ. For example, children of
mothers who were employed at 2 years after childbirth had better
working memory (marginally significant, 8 = 0.65, 95% Cl —0.01,
1.31) and sustained attention (8 =0.74, 95% Cl 0.18, 1.31) at 18
years. Additionally, compared with female offspring, males had
poorer 6-year working memory (marginally significant, 8 = —2.33,
95% Cl —4.83, 0.16) and worse 18-year sustained attention (8=
—0.76, 95% Cl —1.28, —0.25) (Table 4).

DISCUSSION

In this study, the associations between maternal psychological
characteristics at 2 years after childbirth and offspring EF in
childhood (6 years) and adolescence (18 years) were examined.
Using PCA, the correlated psychological characteristics were
transformed into two factors: emotionality (depressive symptoms,
emotional instability) and psychological resources (self-esteem,
mastery, and active coping). Regression models revealed that,
after controlling for maternal IQ, maternal emotionality was
associated with working memory and response inhibition (margin-
ally significant) in offspring at 6 years; psychological resources
were associated with working memory at 6 years (marginally
significant).

The correlations among the psychological characteristics sorted
by PCA are well supported by literature. For example, population-
based studies and systematic reviews have consistently docu-
mented cross-sectional and prospective associations between
depression and emotional instability.***> Genome-wide associa-
tion studies and twin studies have revealed that these two
constructs share moderate to substantial genetic architecture and
environmental risk factors.***” Furthermore, Ormel et al.*®
reviewed studies that addressed the relationship between
emotional instability and common mental disorders (including
depression) and found robust evidence in favor of the spectrum
model (depression and emotional instability are intrinsically
unified constructs but differ in severity levels, with depression
reflecting the severe end of emotional instability). Similarly, self-
esteem, mastery, and active coping have been acknowledged as
personal-level psychological resources, which help people buffer
against adverse life events and mental health problems.*’

This study found that, before adjusting for maternal 1Q,
mothers’ emotionality (higher levels of depressive symptoms
and emotional instability) at 2 years after childbirth was associated
with worse working memory and inhibition control in offspring at
6 years and worse working memory at 18 years (marginally
significant). Maternal IQ weakened all these observed associations,
but maternal emotionality preserved its significance for 6-year
working memory. Although no study has examined the combined
effect of depressive symptoms and emotional instability on
offspring EF, a few studies have reported a negative association
between maternal depression and impaired working memory or
inhibition in children of age 4-8 years.2"?*?” While these studies
were conducted in white-dominant samples, focused on pre-
schoolers and school-aged children, and did not consider
maternal 1Q in analysis, our study expanded previous findings to
the AA population, added insight beyond childhood to adoles-
cence, and provided stronger evidence by controlling for
important maternal confounders (e.g., 1Q).

To date, the focus of maternal influences on offspring EF
development has been almost exclusively on negative exposures
(especially depressive symptoms). Additionally, although there is
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Table 4. Multiple regression analysis (N =414).

Predictors

Offspring working memory at 6 years
Maternal emotionality (2 years)
Maternal psychological resources (2 years)
Maternal 1Q (enrollment)
Maternal education (2 years)
Maternal employment (2 years)
No (reference)
Yes
Household income (2 years)
Offspring sex
Female (reference)
Male
Offspring response inhibition at 6 years
Maternal emotionality (2 years)
Maternal psychological resources (2 years)
Maternal 1Q (enrollment)
Gestational age at delivery
Offspring working memory at 18 years
Maternal emotionality (2 years)
Maternal psychological resources (2 years)
Maternal 1Q (enrollment)
Maternal education (2 years)
Maternal employment (2 years)
No (reference)
Yes
Maternal in school
No (reference)
Yes
Household income (2 years)
Offspring sustained attention at 18 years
Maternal emotionality (2 years)
Maternal psychological resources (2 years)
Maternal 1Q (enrollment)
Maternal education (2 years)
Maternal employment (2 years)
No (reference)
Yes
Household income (2 years)
Offspring sex
Offspring risky decision-making at 18 years
Maternal emotionality (2 years)
Maternal psychological resources (2 years)
Maternal 1Q (enrollment)
Gestational age at delivery
*p < 0.05; **p < 0.01.

Each outcome was examined in separate regression models.

B
Model 1

—1.87**
1.26

0.05

1.97

0.12

—2.28

0.37*
—0.11

—0.12

—0.26
0.09

0.01

0.78*

0.45

0.03

0.07
0.02

<0.01
0.87**
0.02

—0.76**

0.06
0.03

—0.09

95% CI

—3.14, —0.60
—0.03, 2.56

—0.09, 0.20

—0.77, 4.72
—0.16, 0.41

—4.79, 0.23

0.02, 0.72
—0.47, 0.24

—0.28, 0.03

—0.56, 0.03
—0.21, 0.40

—0.02, 0.05

0.12, 1.45

—0.20, 1.11
—0.04, 0.10

—0.19, 0.33
—0.25, 0.28

—0.02, 0.04

0.29, 1.44
—0.04, 0.08
—1.28, —0.24

—0.04, 0.15
—0.07, 0.13

—0.18, 0.01

B 95% CI
Model 2

—1.79%* —3.05, —0.52
1.1 —0.18, 2.41
0.16* 0.02, 0.29
0.04 —0.11, 0.18
1.49 —1.27, 4.25
0.05 —0.24, 0.34
—2.33 —4.83, 0.16
0.33 —0.03, 0.68
—0.05 —0.41, 0.30
—0.04 —0.07, <0.01
—0.12 —0.28, 0.03
—0.22 —0.52, 0.08
0.06 —0.24, 0.37
0.04** 0.01, 0.08
0.01 —0.02, 0.04
0.65 —0.01, 1.31
0.38 —0.27, 1.03
0.01 —0.06, 0.08
0.10 —0.16, 0.36
—0.03 —0.29, 0.23
0.04** 0.02, 0.07
<0.01 —0.02, 0.04
0.74* 0.18, 0.31
<0.01 —0.06, 0.06
—0.76** —1.28, —0.25
0.06 —0.06, 0.17
0.04 —0.07, 0.15
—0.02 —0.02, <0.01
—0.04 —0.09, 0.01

In model 1, covariates considered included gestational age at delivery, pregnancy body mass index, offspring sex, and household income, maternal education,
maternal employment, and marital status at 2 years postpartum. Only the covariates with a p value <0.10 determined in univariate analysis were carried into

the multiple regression models.
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evidence that maternal psychological resources (especially self-
esteem) during postpartum protect offspring from developing
mental and behavioral disorders,>**' EF was not directly assessed
in these studies. Our study helped fill these gaps by showing that
maternal psychological resources favored offspring working
memory at 6 years, although no statistical significance was
achieved (before and after controlling for maternal 1Q).

The large sample size of this study highlights alternative
explanations, such as the unique features of the study population,
that may account for the insignificant relationship between
maternal psychological resources and offspring EF. First, this
study comprised the AA population, and previous research has
reported that AA women typically benefit less from internal
psychological resources than white women.’*** In other words,
increased levels of self-esteem, mastery, or active coping may not
result in large enough changes in maternal mental health®* and
parenting behaviors,”>>> which breaks the link between maternal
resources and offspring EF. Second, most mothers were in their
adolescence when entering this study, thus at the 2-year
assessment, many of them were still in their teens or early 20s.
Unlike adult mothers, young mothers often reside with their
families of origin, particularly with their own mothers.>%>’
Consequently, grandmothers may take part in carrying out many
of the child-caring responsibilities, weakening the maternal
influences on offspring development. Third, young mothers are
still striving for mental maturity and have a large potential to
further build their self-esteem, gain mastery, and improve coping
skills. Therefore, the later growth of these psychological resources
may have a stronger impact on offspring EF development.
Additionally, it should be noted that maternal psychological
resources were measured 4-16 years before the offspring EF
assessments. There is a possibility that the psychological resources
influenced more proximal rather than distal EF, which were not
captured in this study.

Maternal 1Q was strongly associated with offspring EF, including
working memory and response inhibition at 6 years and working
memory and sustained attention at 18 years. This observation is
not surprising as maternal IQ determines the genetic potential of
offspring cognitive abilities, and previous studies have consis-
tently associated maternal 1Q with child neurocognitive develop-
ment.>® Our study also showed that all the associations observed
between maternal psychological characteristics and offspring EF
were attenuated after adjusting for maternal 1Q, underscoring the
importance of including maternal 1Q in studies of similar topics.

Surprisingly, maternal education—one of the most prominent
socioeconomic factors that predict offspring cognitive
development***°>—was not associated with any of the EF
components. Instead, maternal employment that has been less
studied contributed significantly to offspring EF. Specifically,
children of mothers who were employed at 2 years after childbirth
had better working memory at 6 years and better sustained
attention at 18 years. The relationship between maternal employ-
ment and offspring cognitive function has been debated. While
maternal employment may impose work-family conflict and
decrease the quality of parenting, it can boost mothers’ well-
being and may result in increased investments in children. Despite
that maternal employment has been negatively linked to
cognitive skills in white-dominant, school-aged children,®® our
findings with AA participants coincide with one study that
reported protective associations between maternal employment
in the 2 years after childbearing and AA children’s cognitive
function at age 7 years.®"’

The major strengths of this study include long-term follow-up
that spanned a wide age range, a large sample size, the use of PCA
that sufficiently considered the correlations between psychologi-
cal characteristics, the use of performance-based rather than
mother-reported cognitive assessments, and the control of
maternal 1Q in the analysis.

SPRINGER NATURE

One of the main limitations of this study is the observational
study design that did not allow a causal relationship to be
established. Additionally, like other studies examining early life
exposures and later offspring outcomes, this analysis could not
fully adjust for the multitude of confounding variables, including
genetic predisposition, postnatal environment, and offspring
lifestyle behaviors (e.g., diet, sleep). This residual confounding is
likely to cause an overestimation of the reported associations.
Future research may benefit from animal studies or well-designed
epidemiological studies to provide more accurate findings. An
additional limitation is that maternal measurements were limited
to the postnatal period. Given the evidence that maternal
psychological distress during pregnancy influences fetal brain
programming and subsequent neurodevelopment (e.g., attention
deficit hyperactivity disorder),®%%® it is possible that the associa-
tion observed between postnatal maternal psychological char-
acteristics and offspring EF is confounded by the prenatal
influences. Furthermore, there is evidence that, compared with
single assessment, trajectory-based approaches can better capture
child exposure to maternal risk or protective factors.”> However,
because the New Mothers’ Study did not have consistent
measures of prenatal and postnatal maternal psychological factors
over time, trajectory analysis cannot be done. Other limitations of
this study include, first, there is a lack of examination of maternal
anxiety and stress, which are two well-studied risk factors of
offspring cognitive development. Second, this study did not
examine possible mediators between maternal psychological
factors and offspring EF, such as parenting behaviors and
offspring stress response. Third, there was a large time gap
between maternal and offspring assessments. Future studies may
benefit from including both proximal and distal offspring EF in
analysis. Fourth, due to data availability, this study was not able to
examine the paternal effects on offspring EF development or
adjust for paternal factors in the analysis. An investigation of
whether and how maternal and paternal interact to influence
offspring EF is warranted in future research.

In conclusion, using a cohort of AA mothers and their firstborn
child, this study found that maternal emotionality (depressive
symptoms, emotional instability) and psychological resources
(self-esteem, mastery, coping styles) were associated with working
memory and/or response inhibition in offspring at 6 years, after
adjusting for maternal 1Q. Additionally, maternal 1Q, maternal
employment, and offspring sex demonstrated association with
one or more of the offspring EF.

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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