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Abstract 

Background A growing body of literature links prenatal mood and substance use to children’s cognitive and behav-
ioral development. The relative contribution of these risk factors on children’s executive function (EF) in the context 
of socioeconomic adversities needs further evaluation. To address this gap, we investigated the role of prenatal mater-
nal anxiety and depression on childhood EF, specifically inhibitory control and working memory, within the context 
of socioeconomic adversities and prenatal substance use. We hypothesized that higher maternal mood symptoms, 
higher persistent prenatal drinking and smoking, and lower socioeconomic status would be associated with lower EF 
skills during early childhood.

Methods We used data from 334 mother–child dyads followed prospectively through pregnancy and the offspring’s 
childhood. Prenatal maternal depression and anxiety were assessed via standardized questionnaires. Prenatal alcohol 
and tobacco consumption were assessed via a timeline follow-back interview. The EF touch battery assessed child 
inhibitory control and working memory at 3–5 years of age (4.76 ± 0.58 years, 171 females). Separate linear regression 
models were used to estimate the association of prenatal tobacco, alcohol, anxiety, and depression exposure with our 
two components of child EF, inhibitory control and working memory, while adjusting for gestational age, sex, and age 
at assessment. The following variables were also included as covariates: maternal educational achievement, employ-
ment status, parity, and household crowding index.

Results Children of mothers with high trait anxiety scores had reduced inhibitory control compared to children 
of mothers without trait anxiety or depression (β = -0.12, 95% CI:-0.22,-0.01). Children of mothers in the moderate 
to high continuous smoking group showed lower inhibitory control (β = − 0.19, 95% CI:-0.38,-0.01) compared to chil-
dren of mothers in the none smoking group. Additionally, lower maternal education and higher household crowding 
were each associated with reduced inhibitory control. We found no significant association between prenatal maternal 
depression, anxiety, or socioeconomic factors with working memory.
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Background
The development of executive function (EF) in children 
is influenced by a complex interplay between biological 
and environmental factors. Maternal mood, including 
prenatal depression and anxiety, are proximal factors that 
directly affect childhood EF. A growing body of litera-
ture has established a link between variations in prenatal 
mood and EF difficulties in offspring [1, 2]. Furthermore, 
prenatal anxiety and depression are often comorbid with 
substance use, such as alcohol and tobacco, which can 
independently contribute to adverse outcomes in child 
EF development [3–5]. Proxies of low socioeconomic 
status (SES) have also been found to exacerbate mater-
nal mood disruptions and substance use [6, 7], as well as 
directly impede child EF [8]. Nonetheless, there remains 
a dearth of research examining the relative contribution 
of these prenatal exposures within socioeconomically 
diverse samples.

EF serves as an “umbrella term” for higher-order cog-
nitive processes that regulate cognitive control and 
goal-directed behavior [9]. Leading frameworks in EF 
development highlight three primary components [10]. 
The first is inhibitory control, which involves control-
ling or restraining one’s instinctual responses as well as 
interference control at the level of perception. The sec-
ond component is working memory, which comprises 
the ability to remember and manipulate information dur-
ing a short period of time without aids or cues. The third 
component is cognitive flexibility, which is the capability 
to switch between mental states, rules, or tasks [10, 11]. 
EFs emerge soon after birth and as children mature, EF 
components develop, but at different rates [12]. EF skills 
undergo rapid development between the ages of 3 and 6, 
with inhibitory control and working memory postulated 
as the first components to differentiate [11, 13]. EF skills 
have significant implications on children’s success, signif-
icantly influencing their physical and mental health, aca-
demic achievement, and positive behaviors [14–16].

The prefrontal cortex is considered to be one of the 
neural substrates through which EF develops [17]. It 
is one of the last brain regions to fully mature and is 
therefore considered to exhibit high levels of plasticity 
throughout childhood and adolescence [18]. The pre-
natal environment plays a significant role in influencing 
prefrontal cortex development and, consequently, child 
EF through various pathways [19–21]. Maternal prenatal 

anxiety, depression, and substance exposure affect the 
developing brain via “fetal programming” mechanisms: 
in-utero exposures that cause the fetus to undergo adap-
tive responses affecting future behavior and biology 
[19]. Socioeconomic stressors during pregnancy, such 
as low household income or higher household crowd-
ing indexes, can contribute to maternal inflammatory 
processes and cortisol production by altering hypotha-
lamic-pituitary axis function. These changes can have 
downstream effects on child brain development, includ-
ing brain regions related to EF [20]. Maternal mood dis-
orders also impact child EF development postnatally 
through parenting behavior and parent–child interac-
tions [21].

Previous studies examining the early life risk factors 
of EF lack one of these three aspects: 1) studies did not 
examine the relative contribution of all three prenatal 
factors, namely maternal mood, substance use, and SES, 
within an integrated framework. Several previous studies 
that investigate one or more of these prenatal risk factors, 
such as the effects of drinking and smoking, tend to be 
cross-sectional rather than prospective in nature [4, 22, 
23]. Moreover, studies exploring maternal anxiety and 
childhood EF have yet to examine state- and trait anxi-
ety independently. A recent meta-analysis by Delagneau 
et  al. found that prenatal maternal anxiety has a weak 
negative association with child cognitive development, 
with the caveat that more research is needed to distin-
guish between different types of prenatal anxiety (trait 
anxiety, state anxiety, pregnancy-specific anxiety, or gen-
eral perceived stress) [24]. 2) Studies examining prenatal 
risk factors and childhood EF tend to have small sample 
sizes, ranging between 60–173 children [8, 25]. 3) Lastly, 
many prior studies have relied on subjective measures of 
childhood EF (e.g., parent or teacher reports), which can 
introduce biases [3, 26]. To address these gaps, we inves-
tigated the role of prenatal maternal state- and trait anxi-
ety, as well as prenatal maternal depression, on children’s 
EF within the context of socioeconomic adversities and 
prenatal substance use. We conducted this study among 
socioeconomically diverse mother–child dyads recruited 
as part of an Environmental Influences on Child Health 
Outcomes (ECHO) cohort in South Dakota [27, 28]. We 
assessed children’s EF using an objective measure, the EF 
touch battery, at 3–5 years of age [29]. We hypothesized 
that higher maternal mood symptoms, higher persistent 

Conclusions These results underscore the need for comprehensive context-specific intervention packages, includ-
ing mental health support for women to promote healthy inhibitory control development in children.
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prenatal drinking and smoking, and lower socioeconomic 
status would be associated with lower EF skills during 
early childhood.

Methods
Study design and participants
From September 2018 through November 2022, 3,312 
parent–child dyads were enrolled in the National Insti-
tute of Health’s (NIH) Environmental influences on 
Child Health Outcomes (ECHO) Research Program. Par-
ticipants in the present follow-up study were originally 
enrolled in the Safe Passage Study conducted by the Pre-
natal Alcohol and SIDS and Stillbirth (PASS) Network, 
which recruited 11,892 pregnant women and investigated 
the effects of prenatal exposure to alcohol and tobacco 
use in perinatal outcomes and child neurodevelopment 
[30]. Participants were recruited from clinical sites in the 
Northern Plains (NP), USA (N = 4,989) or Cape Town, 
South Africa (N = 6,903) at approximately 12–28  weeks 
of gestation. Eligibility criteria for PASS included being 
16 years of age or older at the time of consent and having 
a fetal gestational age between 6–40 weeks at the time of 
consent. Exclusion criteria included planned therapeutic 
abortion, moving from the area prior to the estimated 
date of delivery, and clinical judgment of medical risk 
[30].

In the present study, a subset of the PASS participants 
was followed as part of the ECHO Program from two 
research sites in South Dakota, USA (Sioux Falls and 
Rapid City). At 3–5  years of age, children underwent 
evaluation for EF. To be included in this analysis, partici-
pants had to have EF data from both the inhibitory con-
trol and working memory EF tasks as well as complete 
prenatal exposure data which was originally collected as 
part of PASS (N = 334). Three hundred thirty-four par-
ent–child dyads were included in the current analysis 
(Fig. 1).

Sociodemographic information of the study partici-
pants is presented in Table 1. The majority of mothers 
identified as White (75%) or American Indian / Alas-
kan Native (24%). Most of the mothers had educa-
tional achievements beyond high school (79%), were 
employed (78%), were married (89%), and had a mean 
(SD) household crowding index of 0.62 (SD 0.46) per-
sons per room. For the majority of women, this was 
their first or second pregnancy (60%) and the most 
common pre-pregnancy body mass index (BMI) was 
obese (40% had a BMI > 30). A small proportion of the 
women had clinical levels of depression (Edinburgh 
Postnatal Depression Scale (EPDS) > 13) (6.82%), state 
anxiety (State-Trait Anxiety Inventory (STAI) > 40) 
(4.46%), or trait anxiety (STAI > 40) (10.71%). Many 
of the pregnant women with prenatal alcohol use 

ceased drinking during the first trimester of pregnancy 
(43.36%). Pregnant women who smoked tobacco dur-
ing pregnancy tended to smoke at a low-continuous 
level (7.31%). The cluster groups for prenatal alcohol 
and tobacco exposure were derived using the greater 
PASS cohort, which has previously been described [31]. 
By using the cluster groups, we can better capture the 
quantity as well as the timing of substance use during 
pregnancy. Within the greater cohort, the moderate to 
high continuous group, the low continuous group, the 
quit early group, and the non-drinkers group consumed 
40.89 (SD = 60.08), 2.41 (SD = 3.83), 8.77 (SD = 7.41), 
and 0.04 (0.16) drinks in the first trimester, respectively. 
Regarding smoking in the first trimester, the moderate 
to high continuous group, the low continuous group, 
the quit early group, and the non-smoking group, 
smoked 48.31 (SD 21.71), 15.72 (SD 10.28), 8.81 (SD 
9.92), 0.014 (SD 0.08) cigarettes on average per week, 
respectively [32].

Maternal characteristics
Maternal mood
Maternal prenatal depressive symptoms were measured 
at 20–24  weeks gestation with the Edinburgh Postna-
tal Depression Scales (EPDS). The EPDS is a 10-item 
screening tool assessing depressive symptoms in perina-
tal women with a higher score indicating more depres-
sive symptoms [33]. An EPDS score ≥ 13 has been shown 
to be a sensitive and specific indicator of major depres-
sion in prior studies [34]. Maternal prenatal anxiety was 
assessed at 28–32  weeks gestation with the State-Trait 
Anxiety Inventory Scale (STAI). The STAI comprises 
two 20-item subscales: state-anxiety (one’s current state 
of anxiety) and trait anxiety (anxiety attributed to one’s 
personality). Higher scores on the STAI indicate more 
anxiety symptoms [35]. A cut-off score of > 40 on each 
subscale indicates clinical levels of state or trait anxiety 
[36]. The STAI has been widely validated to assess anxi-
ety in perinatal women [37]. In this cohort, state and trait 
anxiety were highly correlated with depression and were 
therefore analyzed in tandem. Our sample showed lower 
rates of depressive and anxiety symptoms compared to 
the larger PASS cohort. Specifically, only 7% of our sam-
ple had an EPDS > 13, whereas 32% of the larger cohort 
exceeded this threshold [38]. Similarly, our sample had a 
smaller proportion of participants with anxiety than the 
larger PASS cohort (STAI > 40). Specifically, while 4% of 
our sample had high state anxiety and 11% had high trait 
anxiety, the corresponding portions in the greater PASS 
cohort were 10% and 17%, respectively, suggesting that 
pregnant women included in our analysis were lower 
risk.
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Substance use
To measure prenatal alcohol and tobacco exposure, a 
validated modified version of the 30-day timeline follow-
back method was used [39]. Up to four times during 
pregnancy, women reported their most recent drink-
ing or smoking day and the 30-days prior to it. Women 
described the quantity and frequency of alcohol and 

cigarette consumption. The information was used to 
estimate the total number of grams of alcohol consumed 
per day of pregnancy and the average number of ciga-
rettes smoked per week of pregnancy. Missing alcohol 
and weekly smoking data was imputed by a nonparamet-
ric machine learning algorithm, the k-nearest neighbor 
approach, where a missing data point was imputed based 

Fig. 1 CONSORT diagram
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on data from a participant’s own drinking or smoking 
trajectory and data from similar participants [40]. The 
PASS cohort (N = 11,083) was used to derive substance 
use clusters based on alcohol and tobacco use trajectories 
[31]. Given the smaller PASS-ECHO cohort, the clus-
ters were collapsed into four alcohol (moderate to high 
continuous, low continuous, quit early, and no alcohol) 
and tobacco (moderate to high continuous, low con-
tinuous, quit early, and no smoking) groups. Compared 
to the greater PASS cohort, our sample was considered 

Table 1 Sociodemographic maternal and child characteristics

Characteristics Demographics Variables N ± SD or N (%)

Maternal Age (years) 29.08 ± 5.03

Race
White 257 (75.15)

American Indian or Alaska Native 82 (23.98)

Other/Unknown 3 (0.88)

Education
Primary school education 2 (0.58)

Some high school education 28 (8.19)

High school completed 42 (12.28)

Higher than high school 270 (78.95)

Employment status
Unemployed 76 (22.22)

Employed 266 (77.78)

Marital status
Unmarried 39 (11.4)

Married/Cohabiting 303 (88.6)

Household crowding index 
(persons/room)

0.62 ± 0.46

Height (cm) 166.27 ± 7.1

Pre-pregnancy body mass 
index
 < 18.5 6 (1.75)

18–25 96 (28.07)

25–30 102 (29.82)

 > 30 138 (40.35)

Missing 4 (1.17)

Parity
0 98 (28.65)

1 108 (31.58)

2 71 (20.76)

3 or more 65 (19.01)

Prenatal alcohol use
No alcohol 167 (49.26)

Quit early 147 (43.36)

Low continuous 7 (2.06)

Moderate to high continuous 18 (5.31)

Prenatal tobacco use
No smoking 290 (84.8)

Quit early 16 (4.68)

Low continuous 25 (7.31)

Moderate to high continuous 11 (3.22)

Depression (EPDS > 13)
Not clinically depressed 314 (93.18)

Clinically depressed 23 (6.82)

Missing 5 (1.46)

State anxiety (STAI > 40)
Low state anxiety 321 (95.54)

High state anxiety 15 (4.46)

Missing 6 (1.75)

Table 1 (Continued)

Characteristics Demographics Variables N ± SD or N (%)

Trait anxiety (STAI > 40)
Low trait anxiety 300 (89.29)

High trait anxiety 36 (10.71)

Missing 6 (1.75)

Depression and state anxiety 
(4 group variable)
No depression or state anxiety 303 (90.18)

Depression but no state anxiety 18 (5.36)

State anxiety but no depression 10 (2.98)

Depression and state anxiety 5 (1.49)

Missing 6 (1.79)

Depression and trait anxiety 
(4 group variable)
No depression or trait anxiety 290 (86.31)

Depression but no trait anxiety 10 (2.98)

Trait anxiety but no depression 23 (6.85)

Depression and trait anxiety 13 (3.87)

Missing 6 (1.79)

Anti-depressant medication
No 301 (89.58)

Yes 35 (10.42)

Missing 6 (1.79)

Anti-anxiety medication
No 326 (97.02)

Yes 10 (2.98)

Missing 6 (1.79)

Child Sex

Female 170 (49.85)

Male 171 (50.15)

Gestational age at birth 38.79 ± 2.15

Birthweight

Low birthweight (< 2500 g) 42 (12.32)

Normal birthweight (≥ 2500 g) 299 (87.68)

Birthweight (grams) 3387.09 ± 614.91

Age at assessment (years) 4.74 ± 0.60

Inhibitory control score (SSS) 0.7 ± 0.28

Working memory score (PTP) 0.74 ± 0.11
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low risk for substance use exposure. In our sample, 51% 
of our participants consumed alcohol and 15% smoked. 
Meanwhile, in the greater PASS cohort, 61% of partici-
pants reported drinking and 56% reported smoking dur-
ing pregnancy [38].

Demographics
Study specific demographic questionnaires were admin-
istered at enrollment to ascertain maternal education 
level (beyond high school, completed high school, some 
high school, or some primary school), employment status 
(employed versus unemployed), marital status (unmar-
ried versus married/cohabitating, household crowding 
index (ratio of number of people per room in a house-
hold), parity (0, 1, 2, 3 or more), and pre-pregnancy BMI 
(< 18.5, 18–25, 25–30, > 30).

Child characteristics
Child characteristics were collected at birth via medical 
record chart abstraction. Variables of interest included 
birth weight, gestational age at birth, and sex. Child age 
at assessment of executive function was recorded during 
the laboratory visit.

Executive function
The EF touch battery was administered in a single study 
visit to children between 3–5  years of age to assess 
inhibitory control and working memory [29]. This bat-
tery is a computerized adaptation of previous EF assess-
ments that were paper–pencil-based [17] and has been 
validated within low-income populations [41]. Two of 
the EF touch battery tasks were chosen for this study to 
capture important components of EF: inhibitory control 
and working memory. The first EF assessment was the 
Silly Sounds Stroop (SSS) task which assesses inhibi-
tory control of a prepotent response. In this task, chil-
dren are presented with two pictures on a tablet—one 
of a cat and one of a dog. In each trial, either a dog bark 
or a cat meow is played. The children were instructed to 
touch the picture of the cat when they heard a dog bark 
and vice versa. This task required children to overcome a 
highly learned response. The inhibitory control score was 
determined by the percentage of trials in which children 
correctly matched the animal sound with the opposite 
animal picture.

The other EF assessment was a self-ordered pointing 
task testing working memory, called Pick the Picture 
(PTP). In this task, children were shown picture sets, 
which increased in size (2,3,4,6 pictures). For each set, 
children were initially instructed to touch any picture. 
The same set was then presented multiple times, with the 
pictures’ locations randomized each time. Children were 
instructed to touch a new picture each time, ensuring 

that “all the pictures get a turn.” To successfully complete 
the task, children were required to recall which pictures 
they had previously touched and select a new one each 
time. The working memory score was calculated based 
on the proportion of series in which a unique picture was 
selected every time [29]. As programed in the EF touch 
software, the working memory task (PTP) was always 
administered prior to the inhibitory control task (SSS).

Statistical analysis
Participant characteristics were examined using descrip-
tive statistics. Multiple linear regression models were 
employed to evaluate the association between prena-
tal state-trait anxiety, depression and socio-economic 
indicators with inhibitory control and working memory 
scores. State- and trait anxiety were highly correlated 
with each other and with depression thus a four-category 
variable was created for each anxiety type. For state anxi-
ety the following groups created were, 1) no depression 
or state anxiety, 2) state anxiety but no depression, 3) 
depression but no state anxiety, and 4) depression and 
state anxiety. The same four groupings were repeated for 
trait anxiety. In multivariate models, the four-category 
state anxiety-depression variable was run in a separate 
model from the four-category trait anxiety-depression 
variable to avoid representing depression twice in the 
model. Univariate models were initially conducted to 
predict EF scores, separately for the two EF tasks (inhibi-
tory control and working memory). Predictor variables 
significant at p = 0.2 in univariate analysis were included 
in the multivariate models, including the four-category 
anxiety-depression variable, prenatal alcohol and tobacco 
use, educational achievement, employment status, parity, 
and household crowding index. Maternal pre-pregnancy 
BMI and marital status were not significant at the p = 0.2 
level and were not including in the multivariate models. 
This entry criteria of p = 0.2 is a standard cutoff in statis-
tical modeling, allowing for a more inclusive approach to 
variable selection [42]. In the final multivariate model, 
statistical significance was set at p < 0.05. Missing covari-
ate values were replaced with a “missing” indicator and 
included in the multivariable models. All models were 
adjusted for biological sex (male or female), gestational 
age at birth, and age at EF assessment, regardless of 
p-value. Child sex and age at assessment are known pre-
dictors of child EF and hence were covariates in all mod-
els [43–45]. All analyses were performed in SAS software 
version 9.4 (SAS Institute, Cary NC).

Results
Participants in the current analysis consisted of 334 
mother–child dyads. For inhibitory control, children’s 
average performance on the task was 0.7 ± 0.28. For 
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working memory, children’s average performance on the 
task was 0.74 ± 0.11 (Table  1). Previous studies utiliz-
ing the EF Touch protocol have reported similar ranges 
for their respective cohorts [46, 47]. The distribution of 
performance was normally distributed within age bands. 
The inhibitory control score was slightly skewed, as 
more children performed well overall, but the mean and 
median were similar for inhibitory control (mean = 0.70 
(SD = 0.27), median = 0.76) and working memory 
(mean = 0.73 (SD = 0.10), median = 0.75). Female chil-
dren tended to perform better than male children on 
both tasks (inhibitory control Female: 0.71 ± 0.28, Male: 
0.69 ± 0.27; working memory Female: 0.75 ± 0.1, Male: 
0.72 ± 0.11) (data not shown). EF scores on the inhibi-
tory control and working memory tasks were weakly cor-
related with each other. A similar correlation effect has 
previously been found between the inhibitory control 
and working memory tasks within 5-year-old children 
[29]. The inhibitory control and working memory scores 
were moderately positively correlated with child age at 
assessment (inhibitory control: r(334) = 0.43, p < 0.0001; 
working memory: r(334) = 0.40, p < 0.0001). As observed 
in other studies, EF and age at assessment are correlated 
[43, 44]. Maternal prenatal depression was moderately 
correlated with both prenatal state- and trait anxiety. 
Maternal depression was weakly correlated with child 
Inhibitory control. Maternal trait anxiety was weakly cor-
related with child Inhibitory control and working mem-
ory. Indicators of SES were also weakly correlated with 
child inhibitory control, including maternal, employ-
ment and household crowding indexes. Maternal soci-
odemographic, prenatal exposure, and child EF data are 
described in Table 1. See Table 2 for a correlation table of 
all the exposure variables.

Maternal mood
We found significant associations between prenatal trait 
anxiety and childhood EF. Children of mothers with trait 
anxiety had lower inhibitory control scores compared to 
children of mothers who did not have trait anxiety nor 
depression (β = -0.12, CI = -0.23, -0.01, p = 0.04) (Fig.  2). 
In our sample, 11% of mothers met the clinical thresh-
old for trait anxiety [36]. 4.5% of mothers met the clinical 
threshold for state anxiety and 7% for depressive symp-
toms. Maternal state anxiety and depression were not 
associated with inhibitory control or working memory 
(Table 3).

Maternal substance use
We observed significant associations between prena-
tal tobacco use and childhood EF, but not alcohol use. 
Children of mothers in the moderate to high continuous 

smoking group had lower inhibitory control scores com-
pared to children of mothers in the unexposed group 
(β = -0.20, CI = -0.39, -0.01, p = 0.04) (Fig. 3). Children of 
mothers in the low continuous (β = -0.01, CI = -0.13, 0.11, 
p = 0.85) or quit early smoking groups performed simi-
larly (β = 0.06, CI = -0.07, 0.20, p = 0.36) on the EF tasks as 
children of mothers in the none smoking group (Fig. 3). 
All levels of prenatal smoking were not associated with 
children’s working memory. All levels of prenatal drink-
ing were not associated with children’s inhibitory control 
or working memory (Table 3).

Maternal socio-demographics
Some indicators of maternal socioeconomic status 
were significantly associated with childhood EF. Chil-
dren of mothers who did not complete high school 
education showed a mean reduction in child inhibi-
tory control scores compared to children of mothers 
who completed more than high school education (some 
high school: β = -0.25, CI = -0.36, -0.13, p < 0.0001; some 
primary school: β = -0.10, CI = -0.19, -0.01, p = 0.028) 
(Fig.  4).  Higher crowding indexes were associated with 
reduced inhibitory control scores β = -0.07, CI = -0.14, 
-0.01, p = 0.038) (Fig. 4). Employment status and marital 
status were not significantly associated with childhood 
EF in the minimally adjusted models and were therefore 
not included in the multivariate model (Table 3).

Discussion
We examined the effects of prenatal maternal anxiety 
and depression on early childhood EF in the context of 
substance use and socioeconomic adversities. Consistent 
with previous literature, we found that maternal prena-
tal trait anxiety, moderate to high continuous smoking, 
lower educational achievement, and higher household 
crowding were each associated with reduced children’s 
inhibitory control scores at 3–5  years of age measured 
with the EF touch battery. In contrast to previous litera-
ture, maternal prenatal depression, and alcohol use were 
not significantly associated with child inhibitory control 
or working memory.

Our study is the first to examine the role of prena-
tal trait- and state anxiety separately on child EF. We 
found that trait anxiety, but not state anxiety predicted 
children’s inhibitory control. A recent meta-analysis 
by Delagneau et  al. found that prenatal maternal anxi-
ety has a weak negative association with child cogni-
tive development, with the caveat that more research 
is needed to distinguish between different types of pre-
natal anxiety (trait anxiety, state anxiety, pregnancy-
specific anxiety, or general stress) [24]. Three studies 
within the meta-analysis and one additional study have 
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assessed maternal anxiety on childhood EF specifically 
(i.e., attention shifting, working memory, and inhibi-
tion), but only measure general or pregnancy-specific 
anxiety [1, 48–50]. On the other hand, a few studies 
have examined separate effects of prenatal trait- and 
state anxiety on child cognitive development, but not 
EF [51–53]. The majority of this research was done in 
high-income urban settings. Thus, our study adds an 
important contribution to the literature, reporting an 
association between maternal state-trait anxiety and 
child EF among children in a socioeconomically diverse 
population within rural USA.

Contrary to previous findings, our study did not 
observe a significant association between prenatal 
maternal depression and childhood inhibitory control 
or working memory [2]. The vast majority of research 
examining the association between perinatal depression 
and child EF, has predominantly focused on the postna-
tal period [2]. The influence of pre- and postnatal depres-
sion on childhood EF are thought to operate through 
distinct pathways. Postnatal depression is theorized to 
affect childhood EF through parenting behavior and less 
secure attachment styles [25]. On the other hand, pre-
natal depression is hypothesized to impact childhood 
EF by altering brain development, HPA-axis function, 
immune function, and autonomic nervous system pro-
cesses [54]. Existing literature on prenatal depression 
suggests a dose–response relationship with child EF [54]. 
In our cohort, only a small percentage (6.8%) of partici-
pants met clinical levels of depression, with an average 
EPDS score of 5.16 ± 4.04, indicating a low-risk cohort. A 
study with a similar EPDS range of 5.0 ± 3.6 reported no 
influence of prenatal depression on childhood EF at two-
years-of-age [50]. However, another study by Faleschini 

et  al., examining high maternal depressive symptoms 
during pregnancy, found that exposed children had 
worse EF [26]. Compared to our cohort, Faleschini et al.’s 
study had a larger sample of 1225 mother–child dyads, 
with a higher percentage of the mothers (10%) meeting 
the threshold for clinical depression (EPDS > 13). Fur-
thermore, in a longitudinal study investigating perinatal 
depression profiles, it was found that children of mothers 
in the chronic depression group, experiencing depression 
both pre- and postnatally, exhibited poorer inhibitory 
control compared to children of mothers with intermit-
tent or later exposure [54]. Thus, it is possible that we did 
not observe an effect of prenatal depression on child EF 
because our cohort had milder depressive symptoms, and 
symptoms were not assessed postnatally.

Our study confirms previous findings by demon-
strating that prenatal maternal smoking has detrimen-
tal effects on childhood inhibitory control [4]. In utero 
tobacco exposure is hypothesized to exert effects on 
the developing brain via multiple pathways. Nicotine, a 
key component of tobacco smoke, can disrupt central-
nervous system development, particularly neuronal 
differentiation, thus affecting brain structure and func-
tion. Additionally, maternal prenatal smoking can lead 
to fetal hypoxia, which impairs fetal autonomic func-
tion. Another significant pathway involves alterations in 
DNA methylation and microRNA expression associated 
with prenatal maternal smoking [55]. These pathways can 
result in downstream effects on the brain and cognitive 
processes, potentially influencing the trajectory of EF 
development in children as they grow older.

A large body of literature has linked prenatal mater-
nal drinking with detrimental effects on childhood EF 
[5, 56]. These studies, however, include mothers with 

Fig. 2 Association between prenatal maternal depression and trait anxiety with child inhibitory control measured by the EF Touch 
battery. Each line plot depicts the beta estimates and their 95% CI for inhibitory control (x-axis) and each prenatal maternal trait anxiety 
and depression group (y-axis). No prenatal maternal depression and trait anxiety served as the reference group. Models were adjusted for prenatal 
alcohol and tobacco use, educational achievement, employment status, household crowding index, as well as, child biological sex, gestational age 
at birth, and age at EF assessment
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Table 3 The association between prenatal maternal mood, substance use, and socioeconomic conditions with child executive 
function

a Separate models were fit with inhibitory control and working memory outcomes
b Estimates of the prenatal maternal depression and state anxiety variable were derived from a separate model which included all the covariates other than prenatal 
maternal depression and trait anxiety
c Results presented in Table 3 are derived from the model with prenatal maternal depression and trait anxiety as a covariate because it had a significant association 
with child EF

Predictor Inhibitory  controla Working memory

Beta Estimate (95% 
Confidence Limits)

P Value Beta Estimate (95% 
Confidence Limits)

P Value

Maternal education
 Beyond high school (ref ) - - - -

 Completed high school -0.02 (-0.53, 0.49) 0.93 0.04 (-0.18, 0.25) 0.74

 Some high school -0.25 (-0.36, -0.13)  < 0.0001 -0.02 (-0.08, 0.03) 0.35

 Some primary school -0.1 (-0.19, -0.01) 0.03 -0.01 (-0.05, 0.03) 0.7

Maternal employment status
 Unemployed (ref ) - - - -

 Employed 0 (-0.07, 0.08) 0.94 0.02 (-0.02, 0.05) 0.31

Household crowding index -0.07 (-0.14, 0) 0.04 -0.01 (-0.04, 0.02) 0.69

Parity
 0 (ref ) - - - -

 1 -0.03 (-0.11, 0.04) 0.41 -0.03 (-0.07, 0) 0.04
 2 -0.02 (-0.1, 0.06) 0.67 -0.01 (-0.04, 0.02) 0.58

 3 or more -0.12 (-0.21, -0.04) 0.01 -0.02 (-0.06, 0.01) 0.22

Prenatal depression and state anxietyb

 No depression or state anxiety (ref ) - - - -

 Depression without state anxiety 0.05 (-0.08, 0.18) 0.45 -0.03 (-0.08, 0.03) 0.37

 State anxiety without depression 0.07 (-0.1, 0.24) 0.42 -0.04 (-0.11, 0.04) 0.31

 Depression and state anxiety 0.21 (-0.02, 0.44) 0.07 0.03 (-0.07, 0.12) 0.6

Prenatal depression and trait anxietyc

 No Depression or trait anxiety (ref ) - - - -

 Depression without trait anxiety 0.06 (-0.12, 0.24) 0.53 -0.05 (-0.13, 0.02) 0.16

 Trait anxiety without depression -0.12 (-0.23, -0.01) 0.04 -0.03 (-0.08, 0.02) 0.25

 Depression and trait anxiety 0.1 (-0.05, 0.25) 0.18 0.01 (-0.05, 0.07) 0.72

Prenatal alcohol use
 No alcohol (ref ) - - - -

 Quit early drinking 0 (-0.06, 0.06) 0.91 0 (-0.03, 0.03) 0.99

 Low continuous drinking 0.05 (-0.14, 0.25) 0.59 0.05 (-0.04, 0.13) 0.3

 Moderate to high continuous drinking -0.03 (-0.16, 0.11) 0.69 -0.02 (-0.07, 0.04) 0.53

Prenatal smoking use
 No smoking (ref ) - - - -

 Quit early smoking 0.06 (-0.07, 0.2) 0.36 0.02 (-0.04, 0.07) 0.57

 Low continuous smoking -0.01 (-0.13, 0.11) 0.85 -0.02 (-0.07, 0.03) 0.46

 Moderate to high continuous smoking -0.20 (-0.39, -0.01) 0.04 0 (-0.08, 0.08) 0.97

Gestational age at birth 0.01 (-0.01, 0.02) 0.23 0 (0, 0.01) 0.38

Child sex
 Male (ref ) - - - -

 Female 0.03 (-0.03, 0.08) 0.35 0.03 (0, 0.05) 0.03
Child age at assessment 0.19 (0.14, 0.23)  < 0.0001 0.07 (0.05, 0.09)  < 0.0001
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much higher levels of alcohol consumption compared to 
our cohort. Children exposed to high quantities of alco-
hol prenatally show deficits in verbal fluency, inhibition, 
problem solving and planning, concept formation, set-
shifting, and working memory [56]. Children with fetal 
alcohol spectrum disorder are also found to have smaller 
brain volumes and worse EF, regardless of household 
SES [57]. In our study, only a small percentage of women 
(5.3%) fell into the moderate to high continuous drinking 
category. Even within this group, alcohol consumption 
was categorized as drinking approximately 3 drinks per 
week. Other studies with similarly low levels of alcohol 
exposure have also reported no significant on childhood 

Fig. 3 Association prenatal smoking with child inhibitory control measured by the EF Touch battery. Each line plot depicts the beta 
estimates and their 95% CI for inhibitory control (x-axis) and each prenatal smoking group (y-axis). No prenatal maternal smoking served 
as the reference group. Models were adjusted for prenatal trait anxiety and depression, alcohol use, educational achievement, employment status, 
household crowding index, as well as, child biological sex, gestational age at birth, and age at EF assessment

Fig. 4 Association of indicators of SES with child inhibitory control measured by the EF Touch battery. Each line plot depicts the beta 
estimates and their 95% CI for inhibitory control (x-axis) and maternal education and household crowding (y-axis). For maternal education, 
an educational achievement of more than high school served as the reference group. Models were adjusted for prenatal trait anxiety 
and depression, alcohol and tobacco use, employment status, as well as, child biological sex, gestational age at birth, and age at EF assessment

EF [3, 22]. The relatively low levels of alcohol exposure 
in our cohort compared to studies demonstrating det-
rimental effects on child EF may account for our lack of 
significant findings in relation to prenatal alcohol use and 
childhood EF.

In this study, we found that two areas of SES had sig-
nificant implications for childhood inhibitory control. 
The first aspect is maternal education, which aligns 
with previous research demonstrating that lower lev-
els of maternal educational attainment are associated 
with poorer child EF scores, particularly inhibitory con-
trol [23, 58, 59]. Maternal education influences child 
EF through responsive caregiving and parental support 
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[58]. In our study, we found a dose-dependent response, 
wherein each level of maternal education completed cor-
responded to an increase in child EF. The second area of 
SES associated with child inhibitory control was house-
hold crowding. Consistent with existing literature, we 
found that higher levels of household crowding are asso-
ciated with worse childhood inhibitory control [60, 61]. 
Household crowding can also be considered a marker 
of household chaos, which encompasses factors such as 
household clutter, ambient noise, crowding, and lack of 
structure. A meta-analysis investigating the relationship 
between child EF and household chaos revealed that 
children residing in more chaotic households exhibited 
significantly worse EF [60]. Household crowding and 
maternal education, two relatively accessible measures, 
could serve as potential screening tools to identify chil-
dren at risk of poor EF development and be targeted for 
intervention to improve children’s EF.

While our study identified several prenatal risk factors 
associated with child inhibitory control, we found no 
such associations with working memory. Previous litera-
ture has found associations between prenatal alcohol and 
tobacco use, maternal depression and anxiety, as well as 
SES on offspring working memory [1, 4, 8, 54, 56]. Our 
null results could be attributed to several factors. First, 
our cohort, although socioeconomically diverse, was rela-
tively low risk. The maternal mood symptoms, substance 
use, and SES risk factors were less severe compared to 
studies that identified an effect of prenatal risk factors 
on child working memory [5, 8, 54]. Another possibility 
is that working memory is less affected by prenatal risk 
factors as inhibitory control. For instance, Noble et  al. 
reported a larger effect size of maternal SES on 5-year-
old child inhibitory control (Cohen’s d = 0.56) than on 
working memory (Cohen’s d = 0.31)[8]. Similarly, Knopik 
et al. found a stronger association between maternal pre-
natal smoking and inhibitory control (β = -0.17, SE = 0.07) 
than spatial working memory (β = -0.13, SE = 0.07) in 
early-mid adolescents [4]. A further possible explana-
tion for our null findings may be attributed to the typi-
cal developmental trajectory of child EF. EF develops in 
a sequential manner: inhibitory control emerges during 
infancy, followed by the development of working mem-
ory during the preschool years, and finally, cognitive flex-
ibility during childhood, which relies on the maturation 
of both inhibitory control and working memory [11]. 
Given that the average age of the children in this study 
was 4.74 ± 0.60  years, it is plausible that their inhibitory 
control abilities were more developed, while their work-
ing memory skills were still maturing. This could explain 
why we observed a more pronounced difference in 
inhibitory control between exposed and unexposed chil-
dren, as this function was likely more stable. If the study 

were to be repeated at a later point, when the children’s 
working memory skills have had more time to develop, 
we might observe differences in this aspect of executive 
function as well.

Our study demonstrates several notable strengths. 
First, this study is the first to examine the relative con-
tribution of prenatal maternal mood, substance use, and 
SES on childhood EF development. Second, this study 
overcomes potential biases by recruiting participants 
prospectively, preventing recall bias, and by using an 
objective assessment of early childhood executive func-
tion skills, increasing validity and reliability. Third, partic-
ipants were recruited from a socioeconomically diverse 
population which gives more insight into an understud-
ied population in the field of EF as well increases the 
generalizability of our findings to broader range of indi-
viduals. Fourth, our study benefits from a substantial 
sample size; most studies’ using objective measures of 
EF have samples ranging between 60–173 children [8, 
25]. Finally, this study has extensive assessment of pre-
natal maternal mood, smoking, and drinking allowing us 
to capture a more comprehensive understanding of the 
relationships between these factors and childhood EF. 
Collectively, these strengths advance the understanding 
of the complex interplay between prenatal factors, SES, 
and EF.

This study has several limitations. First, the lack of data 
on responsive parenting behavior and child stimulation 
is a weakness, as previous studies have established the 
importance of parenting behavior in shaping child EF 
[62, 63]. Additionally, the absence of postnatal maternal 
mood data, including depression and anxiety symptoms, 
limits our ability to determine the specificity of our find-
ings to the prenatal period. While postnatal measures of 
maternal mood are likely positively correlated with their 
prenatal counterparts, we acknowledge that the postna-
tal period also has a profound impact on childhood EF 
[2]. Therefore, future research should consider includ-
ing postnatal measures to disentangle the relative con-
tributions of prenatal and postnatal factors on child EF 
development. Furthermore, we did not examine the mod-
erating effect of anti- depressant and anxiety medication 
on the observed associations because we had few moth-
ers taking these medications (N = 7.5% for anti-depres-
sants and 3% for anti-anxiety medication). We also only 
had categorical data on anti-depressant and anxiety use 
(yes/no) and lacked information on duration and dos-
age, precluding further investigation into the moderating 
effects of antidepressants. Similarly, few participants in 
the sample used recreational drugs (< 5%) and we could 
therefore not analyze its effects on childhood EF. Another 
limitation of our study is the utilization of the timeline 
follow-back interview method, a self-report measure 
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that is vulnerable to reporting bias. The timeline follow-
back interview, however, is the preferred approach for 
assessing substance use during pregnancy, as it provides 
a comprehensive evaluation of exposure while minimiz-
ing participant burden [39]. Moreover, our single-time-
point measurement of EF, provides only a snapshot of an 
individual’s EF abilities, which may be influenced by vari-
ous transient factors, such as daily fluctuations in nutri-
tion, familiarity with the assessment tool (e.g., tablets), or 
other extraneous variables. As such, measurement error 
may have been introduced in our assessment of child 
EF. Our sample, recruited from two research sites in the 
Northern Plains of South Dakota with a high proportion 
of people identifying as Native American, limits the gen-
eralizability of our findings to similar contexts. Despite 
these limitations, given that few studies have investigated 
the associations between prenatal maternal exposures 
and child EF in communities from diverse socioeconomic 
contexts, our findings contribute valuable insights to the 
existing literature.

Conclusions
Our study sheds light on the complex interplay among 
prenatal maternal mood, substance use and SES in 
shaping children’s EF in early years. Our findings dem-
onstrate the adverse effects of maternal trait anxiety on 
children’s inhibitory control,  emphasizing the critical 
need for mental health support for women across the 
lifespan.  Consistent with previous literature, we have 
demonstrated the adverse consequences of prenatal 
maternal smoking on childhood EF in a low-exposure 
sample, underscoring the importance of continued 
public health interventions targeting smoking dur-
ing pregnancy.  Furthermore, our analyses identify two 
indicators of SES, maternal education, and household 
crowding, as having a significant impact on child EF 
development which could be used to identify high-risk 
children. Taken together, these findings emphasize the 
importance of implementing comprehensive interven-
tion packages appropriate for the local context to pro-
mote child EF outcomes and have lasting impacts on 
academic performance.
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