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ABSTRACT

Objective: To determine whether mothers’ depressive symptoms with or without exposure to selective serotonin reuptake inhi@
(SSRI) antidepressant treatments during pregnancy were associated with executive functions (EFs) in offspring at 6 and 12 years
of age.

Methods: A prospective cohort of 191 mothers and their children participated in the study. Clinician-rated reports of mothers’
depressive symptoms were obtained spanning the third trimester during pregnancy to 12 years later. Children’s EFs were measured
using 2 computer-based tasks (Flanker/Reverse Flanker, Hearts and Flowers [HF]) and mothers’ reports of EFs using the Behavior
Rating Inventory of Executive Function (BRIEF) when the child was 6 and 12 years old.

Results: Longitudinal analyses showed that all children were both faster and more accurate on both Flanker/Reverse Flanker and
HF with age. Fewer maternal prenatal depressive symptoms were associated with better accuracy on HF in children at 6 years of age
and better EF skills as measured by the BRIEF at 6 and 12 years. Mothers’ ratings of their children at 12 years indicated more executive
dysfunction in children with prenatal SSRI exposure than for children without prenatal SSRI exposure, but this was no longer
significant once prenatal depressive symptoms were taken into account.

Conclusion: Prenatal and later depressive symptoms, not prenatal SSRI exposure, seems to affect offspring that continues into
preadolescence, highlighting the importance of long-term mental health follow-up in mothers to ensure optimal development of

children’s EFs and hence their optimal development in school, in social relations, and in life generally.

Index terms: child cognitive development, depression, pharmacology, neuropsychology, SSRI

Executive functions (EFs), which are higher-order cognitive
processes that depend on prefrontal cortex and other neural
regions with which it is interconnected, include working memory,
inhibitory control (attention regulation and self-control), and
cognitive flexibility."* EFs are particularly sensitive to early life
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environments.> Individuals with better EFs are more likely to have
better academic, social, and professional success, in addition to
better overall mental and physical health.* One important part of
early life environments is the mental health of mothers. A meta-
analysis of 16 studies showed that perinatal maternal depression
was significantly associated with poorer child EFs.’ The perinatal
period ranges from conception to the end of the first postpartum
year® and the prenatal period ranges from conception to delivery.
Prenatal depressive symptoms may alter fetal development in a
variety of ways including epigenetic changes’ and postnatal
depressive symptoms may negatively affect the parent-child
relationship over time® as well as the child’s cognitive abilities.”
In addition to the impact of depressive symptoms on the
development of EFs, there are also concerns about the use of
medications to treat these symptoms. Selective serotonin reuptake
inhibitor (SSRI) antidepressants are the most common form of
pharmacotherapy to treat and prevent depressive symptoms.
They putatively work by altering central nervous system levels of
the neurotransmitter serotonin.'’ Serotonin and its multiple
receptors play important roles in influencing complex cognition,
such as EFs."! Increasing clinical evidence suggests that prenatal
exposure to SSRIs may have a negative impact on infant
neurodevelopment, with long-lasting consequences on emotional
and cognitive development into childhood.'*™"* One exception
was a study of 5- and 6-year-olds, which failed to find significant
differences in performance on an EF task between children with
either: (1) prenatal SSRI exposure, (2) medically untreated
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perinatal depression exposure, or (3) no exposure to SSRI or
perinatal depression.'®

The above references used performance-based measures of EFs.
Behavior rating scales (e.g., parent, teacher or self-reports) have
also been used to measure EF skills within everyday family,
school, or community settings.'® A population-based study with
over 4000 participants, that used EFs rating scales, reported that
preschoolers exposed to SSRIs were more likely to have poorer
overall EFs even when depressive symptoms when children were
2 months old or 3 years old were controlled for.'” However, this
association was no longer significant once depressive symptoms
during pregnancy were taken into account. In another study, 20
women treated with antidepressants during pregnancy reported
levels of overall EFs in their 4-year-olds similar to that of 21
matched controls who were not depressed or treated with
antidepressant medication.'® However, this study did not include
direct measures of maternal depressive symptoms. Thus, the
impact of maternal mood is not known. In a cohort of 139
children aged 6 years, we have previously reported that there were
no significant differences between mothers with and without SSRI
treatment who reported on their children’s overall EFs.' In
addition, higher levels of maternal depressive symptoms,
especially when their children were 3 years old, were associated
with poorer reports of EF skills when children were 6 years old. In
sum, these studies suggest the importance of controlling for
maternal depressive symptoms to reduce confounding by in-
dication that the possible impact of SSRI exposure may be
because of the underlying condition that led to the treatment and
not the treatment itself.

The present study was undertaken to examine the possible
impact of prenatal SSRI exposure and maternal depressive
symptoms on children’s EFs over 12 years using both
performance-based EF measures and ratings completed by the
mother. As previous research on this topic has been limited to
preschoolers and young children, following the same cohort of
children with and without prenatal SSRI exposure from in utero to
preadolescence addresses a significant gap in the literature. Based
on previous research, we expected that children would improve on
performance-based measures of EFs with age.®*! We also
expected that a different pattern of results would emerge for
performance-based measures and rating scales of EFs, as they are
typically not highly correlated and may assess different underlying
mental constructs.”> No specific predictions on performance-based
measures of EFs were made because this is the first study to assess
the impact of prenatal SSRI exposure on children’s EFs over
12 years. In clinical settings, the Behavior Rating Inventory of
Executive Function (BRIEF) may be useful to identify children with
behavioural problems who may be at risk for the development of
school and social problems.?® As this was the first study to examine
longitudinal maternal reports of EFs, maternal depressive symp-
toms, and prenatal SSRI exposure over 12 years, no predictions
were made on how these associations might change over time.

METHODS

Participants

Pregnant women were recruited from the community and clinics
during the second trimester of pregnancy for a longitudinal cohort
study. Ethical approval for the study was obtained from the
University of British Columbia/Children’s & Women’s Health
Centre of British Columbia Research Ethics Board. Written
informed consent was obtained at each phase from mothers and
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verbal assent was obtained from children beginning at the age of
6 years. All SSRI-treated mothers had a diagnosed mood disorder;
medication use was self-reported (Table 1). Inclusion criteria were
singleton pregnancy, confirmed gestational age, ability to give
informed consent, and no fetal anomalies detected by ultrasound.
Exclusion criteria included bipolar disorder, illicit drug abuse, and
significant medical, obstetrical, or fetal conditions. We had 254
mothers contact us to express interest in the study with 21 mothers
excluded from the study and 42 mothers who chose to withdraw
from the study (Fig. 1). The number of mother-child dyads at all
data collection time points are summarized in Figure 1.

We assessed maternal depressive symptoms at second trimester
enrolment in our study and again during the third trimester as
part of the study design. This repeated assessment during
pregnancy ensured we could confirm presence of a persistent
prenatal depressed mood and not a short-term prenatal event. For
the current study, differences in prenatal depression symptoms
between mothers who participated and mothers who dropped out
or where we were not able to obtain child behavior reports were
examined. Mothers who participated at 12 years were less
prenatally depressed (Hamilton Assessment of Depression
[HAMD)] third trimester, M = 6.32, SD = 5.57) than mothers
who withdrew or had missing data (M = 8.95, SD = 5.93;
t = —3.14, p = 0.002). However, there was no significant
difference in the proportion of mothers who had been treated with
an SSRI during pregnancy and participated at 12 years compared
with mothers who had been treated with an SSRI during
pregnancy and who withdrew or had missing data (x*(1) =
4.10, p > 0.05). This cohort has been previously described in
several studies,”! 2172426

Procedures

Data collected included questionnaires assessing demographic
information, maternal mood, objective performance-based mea-
sures, and subjective parental reports of the children’s EFs at
various points throughout the study (Fig. 1).

Depressive Symptoms

The HAMD,?” a clinician-rated measure, was administered at
various points throughout the longitudinal study (second tri-
mester, third trimester, 6 weeks, 3 months, 6 months, 10 months,
6 years, and 12 years after the birth). For the HAMD, higher
scores indicate higher levels of depression and only total scores
were used. Self-reported depression symptoms were also collected
using the Edinburgh Postnatal Depression Scale scores (EPDS)
(second trimester and third trimester, plus 3 months, 6 months,
and 10 months postpartum) and the Beck Depression Inventory
scores (BDI) (3 years and 12 years after the birth). Predictor
variables for the current study were limited to the HAMD at the
third trimester, 6 years, and 12 years. The other measures of
depressive symptoms, the self-reported EPDS and the BDI, were
not used because of concerns about shared variance with the
parent reports of EFs. Furthermore, these other measures of
depressive symptoms (e.g., second trimester HAMD, EPDS, BDI)
were used to estimate missing data as described in the statistical
analyses section below.

Performance-based Measures of Executive Functions

Children completed two EF computer tasks at 6 and 12 years of
age. The Flanker/Reverse Flanker task®® consists of 3 blocks.
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Descriptive Statistics for Mothers and Their Children

Nonexposed (Totaln = n  SSRI Exposed (Total n T/x?Value of the Difference Between p Effect Size
115) n = 76) the 2 Groups n°
Characteristics of the mothers
Gestation in weeks at second trimester  26.65 (3.10) 108 24.98 (4.48) 73 2.98 0.003 0.22
(SD)
Diagnosis at study entry (depression), n - 23 (20.2%) 114 62 (81.6%) 76 69.54% <0.001 0.61°
(%)
Diagnosis at study entry (anxiety), n (%) 28 (24.6%) 114 54 (71.0%) 76 40.18° <0.001 0.46°
Age at delivery (SD) 33.65 (5.04) 110 32.70 (5.43) 76 1.22 0.223 0.09
Education in years (SD) 17.73 (3.34) 113 16.36 (3.21) 76 2.83 0.005 0.20
Ethnicity 1.38° 0.495 0.09°
Caucasian, n (%) 47.3% 90 31.6% 60 0.00 > 0.999 0.00
Asian, n (%) 6.3% 12 2.6% 5 0.87 0.441 0.07
Other, n (%) 6.3% 12 5.8% i 0.67 0.497 0.06
Prenatal SSRI treatment days, (SD) 0 (0.00) 115 235 (67.87) 75 —37.21 <0.001 0.94
Prenatal smoking, yes 105 (97.2%) 108 72(97.3) 74 0.673¢
Prenatal alcohol use 3.42 109 4.05 75 —0.55 0.585 0.04
HAMD second trimester (SD) 6.68 (6.58) 109 11.90 (6.75) 73 —5.20 <0.001 0.36
HAMD third trimester (SD) 5.58 (5.58) 102 10.12 (5.87) 73 —5.26 <0.001 0.37
HAMD 6 yrs (SD) 6.28 (5.67) 72 10.98 (6.91) 51 —4.14 <0.001 0.35
HAMD 12 yrs (SD) 5.63 (5.70) 57 9.84 (6.41) 31 -3.17 <0.001 0.32
BDI 3 yrs (SD) 4.22 (4.39) 88 8.12(5.88) 59 —4.59 <0.001 0.36
BDI 12 yr (SD) 6.79 (6.33) 14 7.50 (5.54) 6 —0.24 0.814 0.06
Characteristics of the children
Gestational age at birth 39.75 (1.75) 110 39.05 (1.60) 75 2.80 0.006 0.20
Sex at birth (females), n (%) 58 (52.7%) 110 42 (55.2%) 75 0.19 0.764 0.03°
Delivery mode (caesarean section), n 30 (23.7%) 110 22 (29.3) 75 0.09% 0.760 0.02°
(%)
Birth weight (g) (SD) 3492.05 (545.32) 110 3323.12 (517.61) 75 2.1 0.036 0.15
Birth length (cm) (SD) 51.65 (2.82) 109 50.61 (2.36) 75 2.63 0.009 0.19
Apgar score (1 min) (SD) 8.24 (1.39) 110 7.48 (1.63) 75 3.38 0.001 0.24
Apgar score (5 min) (SD) 8.99 (0.57) 110 8.80 (0.74) 73 1.99 0.048 0.15
Mean age at 3 yrs (SD) 3.53(0.57) 88 3.85(0.63) 59 —3.22 0.002 0.26
Mean age at 6 yrs (SD) 5.81(0.59) 89 6.12(0.79) 56 —2.73 0.007 0.22
Mean age 12 yrs (SD) 11.68 (1.11) 78 11.88(1.17) 40 —0.65 0.518 0.06
Flanker/RF mixed block % correct at 6  66.7 (19) 73 68.0(15) 47 —0.35 0.730 0.03
yrs (SD)
Flanker/RF mixed block RT at 6 yrsin ~ 1743.63 (452.94) 73 1746.16 (457.78) 47 —0.03 0.976 <0.01
ms (SD)
Flanker/RF mixed block % correctat 12 81.2 (11.0) 62 81.6(12.9 34 —0.15 0.884 0.02
yrs (SD)
Flanker/RF mixed block RT at 12 yrs in  857.13 (116.04) 62 887.10 (121.08) 34 -1.19 0.236 0.12
ms (SD)
HF mixed block % correct at 6 yrs (SD) 66.2 (0.23) 74 67.7 (0.24) 48 -0.34 0.731 0.03
HF mixed block RT at 6 yrin ms (SD) ~ 1172.00 (155.85) 73 1176.32 (132.89) 48 —0.16 0.875 0.01
HF mixed block % correctat 12 yrs (SD) 71.56 (0.18) 61 72.32(0.21) 35 —0.18 0.855 0.02
HF mixed block RT at 12 yrs in ms (SD) 600.74 (49.38) 61 610.16 (44.20) 35 —0.93 0.353 0.10
BRIEF GEC T score at 6 yrs 53.27 (8.81) 88 53.41(10.23) 51 —0.08 0.993 0.01
Above clinical threshold, n (%) 9 (10.2%) 88 8 (15.7%) 51 0.90 0.249 0.08°
BRIEF GEC T score at 12 yrs 53.34 (12.96) 73 59.30 (12.20) 37 —2.32 0.022 0.22
Above clinical threshold, n (%) 14 (19.2%) 73 13 (35.1%) 37 3.38° 0.099 0.18°

Mean values are provided unless indicated otherwise. SSRI = Selective Serotonin Reuptake Inhibitor; Asian = those who self-identified as oriental; other = those who chose to self-identify as the following: Indian
(n = 6), Latin (n = 5), Oriental/White (n = 3), Native North American Indian (n = 2), and 1 mother in each of the following self-identifying categories: Filipino/Polynesian, Black, Greek, Isragli, Eurasian, Jewish,
West Indian, and preferred not to respond; SSRI treatment days = number of days of prenatal SSRI treatment (range = 41-294 days), no information collected on timing of treatment but most mothers were taking
SSRIs at the time of conception; prenatal smoking = yes = <20 cigarettes per day; prenatal alcohol use = maternal alcohol consumption in single drinks during entire pregnancy; HAMD = Hamilton Rating Scale
for Depression; BDI = Beck Depression Inventory; RF = Reverse Flanker; % = percentage correct; RT = reaction time; ms = milliseconds; HF = Hearts and Flowers task block 3; BRIEF GEC T score = Behavior
Rating Inventory of Executive Function Global Executive Composite, with higher T scores indicating higher levels of executive dysfunction; clinical threshold = number of participants with a T score of 65 or higher.

& Chi-square value.

® Cohen (1988, 1992) suggests low effect = 0.10, medium effect = 0.30, large effect = 0.50.

© Phi value.

Block 1 presents the classic Flanker paradigm.?® Children are to
press the key on the side of the keyboard that represents the
direction in which the middle stimulus is pointing. All the stimuli
are blue in block 1. Block 2 presents the Reverse Flanker
condition, where participants focus on the Flankers (the outside

stimuli) and ignore the center stimulus. All Flanking stimuli
always point in the same direction. In contrast to the previous
block, children are instructed to press the key that represents the
direction in which the outside stimuli are pointing. All the
stimuli are pink in block 2. Block 3 is the mixed block, where

MDS, SSRI, & EF in Children

Copyright © 2025 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


www.jdbp.org

Hutchison et al. Journal of Developmental & Behavioral Pediatrics (2025) 00:00

www.jdbp.org

Figure 1. Study flow chart representing recruitment, dropout, and follow-up of study participants. *Because of limited resources, only subsets of the cohort were

invited to participate 2 specific follow-up studies at 6 weeks and at 10 months.

standard Flanker trials in blue and reverse Flanker trials in pink
are randomly intermixed, requiring flexible application of the
rules for each. After determining which rule is relevant, a
participant determines which way the target is pointing and uses
that information to determine which key to press. Accuracy
scores (percentage of correct responses, calculated by dividing
the number of correct responses by the total number of
responses) and reaction time (in milliseconds) from block 3
were used in the analyses as block 3 placed the greatest demands
on EFs. This task has been used in a number of studies with
children.3%:31

MDS, SSRI, & EF in Children

Children also completed the Hearts and Flowers (HF) task, a
computerized measure which has been validated with children 4
to 13 years of age.>> This task consists of 3 blocks. Block 1 (the
Congruent Block) presents a picture of a heart and children are to
press the key on the same side of the keyboard as the heart appears
on. Block 2 (the Incongruent Block) presents a picture of a flower
and children are to press the key on the side opposite to where the
flower appears. Block 3 (the Mixed Block) presents congruent
and incongruent trials randomly interspersed. Percent correct and
reaction time from block 3 were used in the analyses as block 3
placed the greatest demands on EFs.
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Reports of Executive Functions

Mothers completed the BRIEF parent form, a well-known
standardized measure of EFs in children between the ages of §
to 18 years,** when their children were 6 and 12 years old. The
Global Executive Composite (GEC) score was used, which is the
overall score across all responses on the measure. Results for the
current study are reported as T scores, with higher scores
indicating greater perceived impairment (i.e., worse EFs).

Statistical Analyses

In this longitudinal cohort, not all mothers and their children
participated at each time point and missing data (HAMD third
trimester n = 4, 6 years n = 22, 12 years n = 23) were imputed
using Maximum Likelihood estimation with SYSTAT, which uses
the expectation maximization algorithm to estimate missing data
from key variables.** For this study, variables used to estimate
missing data were as follows: clinician-rated depression using
HAMD scores (second trimester and third trimester, plus 6 weeks,
3 months, 6 months, 10 months, 6 years, and 12 years after the
birth), EPDS (second trimester and third trimester, plus 3 months,
6 months, and 10 months postpartum), and BDI (3 and 12 years
after the birth), based on the recommendation from Little et al.>® to
use all the available variables in the dataset to improve accuracy.

Differences in mothers’ and children’s characteristics were
compared between mothers (with and without prenatal SSRI
treatment) and children (with and without SSRI exposure) using
independent-samples ¢ tests or x* tests as appropriate. To screen
for outliers, all variables were converted to z-scores and no
outliers were observed using a critical cutoff value of £3.29. We
conducted correlational analyses to summarize the relationships
between variables and to determine the strength of these
relationships, whether they were negative, positive, or zero and
to allow other researchers to replicate the analysis, providing
reproducibility and transparency.

General estimating equation (GEE) modeling®® were used to
examine associations between depressive symptoms, SSRI expo-
sure, and EFs. GEE models were used to examine child’s age (6
and 12 years) and group (mother with and without prenatal SSRI
treatment), with prenatal maternal depressive symptoms (HAMD
third trimester) and later maternal depressive symptoms (HAMD
at 6 years) as covariates, in relation to the 5 EF outcome variables.
For all GEE models, interactions were also tested (SSRI exposure
and third trimester depressive symptoms) in addition to later
maternal depressive symptoms (HAMD at 12 vyears). As
interactions and the later maternal depressive symptoms did not
contribute significantly to the results, they were dropped from the
final models presented.

We chose to use the HAMD at the third trimester instead of the
HAMD at the second trimester because this was the closest
measurement during pregnancy relative to the other time points
(at 6 and 12 years). However, the second and third trimesters are
quite different regarding fetal development and maternal
stressors/experiences. To address this possibility, we re-ran all
the models again that used only HAMD at the second trimester
and the outcomes were similar. We also re-ran the models again
that used a computed average of the two HAMD scores and the
outcomes were similar. Thus, as outcomes were similar for all 3
measures, we used HAMD at the third trimester for all models
presented.

All analyses were conducted using SPSS version 19 and
SYSTAT 12. As our cohort was a convenience sample that

5

www.jdbp.org

included 5 pairs of siblings, which introduced a risk of shared
variance, we re-ran all analyses again by randomly excluding 1 of
the siblings from each pair. There were no significant differences
in outcomes. Thus, these 5 children were retained in the final
sample.

RESULTS

Descriptive Statistics

Mothers with prenatal SSRI treatment had more depressive
symptoms during the third trimester and when their child was 6
and 12 years old compared with mothers without prenatal SSRI
treatment (Table 1). All group HAMD mean values were <12,
which is below the typical clinical cutoff for a diagnosis of
moderate depression (17-23).3” As we were interested in the full
range of depressive symptoms, we did not limit our study to only
mothers who were above the clinical cutoff for depression at
each time of assessment. Although mothers with prenatal SSRI
treatment also had significantly fewer years of education (16.36)
than mothers not treated with an SSRI (17.73), both groups
were relatively highly educated. Mothers with prenatal SSRI
treatment reported significantly poorer EFs at 12 years (59.30,
higher scores indicating higher executive dysfunction) than
mothers not treated with an SSRI (53.34). However, we failed to
observe any other significant group differences in all remaining
EF measures (Table 1).

Relations Between Depressive Symptoms, Education, and
Executive Functions

Tables 2 and 3 present correlational analyses for measures of
maternal education, depressive symptoms, and EFs for the entire
sample. At 6 years, children were more accurate on the HF task if
their mothers reported fewer depressive symptoms during the
third trimester and at 6 months postpartum (Table 2). Further-
more, at 6 years, children took longer on the Flanker/Reverse
Flanker task if their mother had fewer depressive symptoms at
6 years. At 12 years, children took longer on the HF task if their
mother had more depressive symptoms when the child was 6 and
12 years old. Table 3 shows that mothers with fewer depressive
symptoms at all periods (second trimester to 12 years) were more
likely to report less evidence of executive dysfunction (i.e., better
EFs) in their children at 6 and 12 years of age. Furthermore,
mothers with more education were more likely to have children
who they reported had lower levels of executive dysfunction
(i.e., better EFs) at 6 and 12 years of age.

In terms of associations between standardized scores (T scores)
on the BRIEF GEC and performance-based EF tasks, there were
significant correlations between the Flanker/Reverse Flanker task
at 6 years (percentage of correct responses) and the BRIEF global
score at 6 years (r = —0.31, p = 0.001) and the BRIEF global
score at 12 years (r = —0.30, p = 0.005) (data not shown in
Tables; the negative correlation is because of higher BRIEF scores
indicating worse EFs). In other words, mothers who had children
with better scores on Flanker/Reverse Flanker at 6 years were also
more likely to report less executive dysfunction in their children at
6 and again at 12 years. All other associations were not
significant.

Most associations between the two EF tasks (Flanker/Reverse
Flanker, HF) were significant (rs ranging from —0.44 to 0.66,
data not shown in tables). The only exception was for Flanker/
Reverse Flanker percentage correct at 6 years; this outcome was
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Descriptive Correlational Analyses Between Measures of Maternal Education, Maternal Depressive Symptoms, and Performance-Based

EFs in Children

Variable 2 3 4 5 6 8 9 10 11 12 13 14

1. Birthing parent —0.22%% —0.24%* —0.23** —0.25%* —0.20%* —0.04 0.02 -0.07 0.11 0.05 —0.05 0.00 —0.04
education

2. HAMD second trimester — 0.71%*  0.58%*  0.64%* 048** —0.14 —-0.05 -0.13 0.03  —0.09 013  —0.08 0.17
3. HAMD third trimester — 0.67** 0.59%* 0.50** —0.10 014  —0.24%* 0.16 —-0.11 0.14 —-0.12 0.18
4. HAMD 6 mo — 0.57**  0.63** —0.07 017 —=026%* 013  —0.09 015  —=0.10 0.08
postpartum

5. HAMD 6 yrs — 0.57** —0.07 —0.21* —0.00 —0.13 0.08 —-0.04 —0.01 0.21*
6. HAMD 12 yrs — -019* 003 -016 —003 —0.19 018  —-0.14 0.25%

7. Flanker/Reverse
Flanker % correct at 6 yrs
8. Flanker/Reverse
Flanker RT at 6 yrs

9. HF % correct at 6 yrs
10. HF RT on correct trials
at 6 yrs

11. Flanker/Reverse
Flanker % correct at 12
yrs

12. Flanker/Reverse
Flanker RT at 12 yrs

13. HF % correctat 12 yrs
14. HF RT on correct trials
at 12 yrs

0.20*  0.02 0.04 003  —0.04 0.01 0.04

— —0.60%F  0.64%* —038%%  0.24%F —042%F  0.27*
— —052%F  047F* —0.20%%  066** —0.14

— —025%  028%F —045%* 026"

— —0.44%%  055*F —0.28%*

— —044%% 053

— —0.42%*

*p < 0.05; **p < 0.01; ***p<0.001.

EFs, executive functions; HAMD, Hamilton Rating Scale for Depression; HF, Hearts and Flowers task block 3; Flanker, Flanker/Reverse Flanker task block 3; RT, reaction time.

only significantly associated with Flanker/Reverse Flanker re-
action time at 6 years and nothing else.

Performance-Based Measure of Executive Functions

Flanker/Reverse Flanker Task. The first GEE model showed
that older children and children who had a mother with fewer
prenatal depression symptoms at third trimester showed
greater accuracy on Flanker/Reverse Flanker (Table 4).
There was no evidence of a significant association with SSRI
exposure and maternal depressive symptoms at 6 years on this
measure of EFs. In reaction time, the second GEE model
showed that older children and children who had a mother
with fewer prenatal depression symptoms (at third trimester
and at 6 years) were faster on the Flanker/Reverse Flanker
(Table 4). There was no evidence of a significant association
between reaction time on this task and SSRI exposure

(Table 4).

Hearts and Flowers Task. The third GEE model showed that
older children and children whose mother had fewer prenatal
depression symptoms at third trimester responded more accu-
rately on the HF task (Table 4). There was no evidence of a
significant association with SSRI exposure and maternal de-
pressive symptoms at 6 years on this measure of EFs. In reaction
time, the fourth GEE model showed that older children and
children who had a mother with fewer prenatal depression
symptoms (at third trimester and at 6 years) were faster on the HF
task (Table 4). There was no evidence of significant associations
between reaction time on this task and SSRI exposure.

Parental Report of Executive Functions on the Behavior
Rating Inventory of Executive Function

The fifth GEE model showed that children whose mothers had
fewer prenatal depression symptoms at third trimester were

reported by their mothers to show better EF performance (less EF
dysfunction; Table 4). There was no evidence of significant

Descriptive Correlational Analyses Between Measures of Maternal Parent Education, Maternal Depressive Symptoms, and Maternal

Ratings of EFs in Children

Variable 2 3 4 5 6 7 8

1. Maternal education —0.22%* —0.24%* —0.23%* —0.25%* —0.20%* —0.23** —0.32%*
2. HAMD second trimester — 0.71%%* 0.58%* 0.64%%* 0.48%* 0.26%* 0.35%*
3. HAMD third trimester — 0.67** 0.59*%* 0.50%* 0.28%** 0.24%*
4. HAMD 6 mo postpartum — 0.57%* 0.63%** 0.25%* 0.26%*
5. HAMD 6 yrs — 0.57%* 0.20%* 0.28%**
6. HAMD 12 yrs — 0.18%* 0.31%%*
7. BRIEF GEC T score at 6 yrs — 0.51%*

8. BRIEF GEC T score at 12 yrs

BRIEF GEC, Behavior Rating Inventory of Executive Function Global Executive Composite; EFs, executive function; HAMD, Hamilton Rating Scale for Depression.

*p < 0.05; %% < 0.01; ***5 < 0,001,
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Generalized Estimating Equation Regressions (Main Analyses)
Task and Variable B Standard Error 95% Confidence p

Interval
Flanker block 3% correct
Age —0.14 0.02 -0.18 —0.10 <0.001
HAMD third trimester ~ —0.01 0.00 —0.01 0.00  0.032
HAMD at 6 yrs 0.00 0.00 -0.00 0.01 0.696
SSRI exposure -0.03 0.03 -0.08 0.02 0258
Flanker block 3 RT
Age 863.41 40.13 784.75 942.07 < 0.001
HAMD third trimester 17.28 5.75 6.00 2855  0.003
HAMD at 6 yrs -19.12 3.93 —23.83 —8.42 <0.001
SSRI exposure 2.74 60.82 —116.46 121.94  0.964
HF block 3% correct
Age —0.05 0.02 -0.09 -0.01 0.023
HAMD third trimester ~ —0.01 0.00 —0.02 —0.01 0.001
HAMD at 6 yrs 0.00 0.00 —-0.00 0.01 0.172
SSRI exposure —0.06 0.04 -0.14 0.01 0.107
HF block 3 RT
Age 566.48 13.45 54013 592.83 < 0.001
HAMD third trimester 5.09 1.98 122 897 0.010
HAMD at 6 yrs —2.92 1.42 -571 =013  0.040
SSRI exposure 7.29 22.02 —35.87 5046  0.741
BRIEF GEC score
Age —2.13 1.11 —4.31 0.05  0.055
HAMD third trimester 0.38 0.16 0.07 069 0.017
HAMD at 6 yrs 0.26 017 —-0.07 059 0.124
SSRI exposure 0.52 1.74 —-2.90 393  0.767

BRIEF GEC, Behavior Rating Inventory of Executive Function Global Executive Composite; B,
nonstandardized regression coefficient; Flanker, Flanker/Reverse Flanker; HF, Hearts and Flowers task;
HAMD, Hamilton Rating Scale for Depression; prenatal mood, HAMD at third trimester; RT, reaction
time; SSRI, selective serotonin reuptake inhibitor.

Bold value indicates p < 0.001.

associations between ratings on the BRIEF, age, SSRI exposure,
and depression symptoms at 6 years.

DISCUSSION

We examined longitudinal associations between children’s EFs at
ages 6 and 12 years, mother’s prenatal depressive symptoms,
mother’s later depressive symptoms at 6 years, and mother’s
prenatal SSRI antidepressant treatment. At the outset, we sought
to identify a long-term effect of prenatal exposure to SSRIs.
However, what emerged was that prenatal depressive symptoms,
not prenatal SSRI exposure alone, seems to have a long-lasting
impact on EFs in children that continues into preadolescence. As
expected, our longitudinal results showed that all children were
more accurate and faster as they got older on the most demanding
portions of the Flanker/Reverse Flanker and HF tasks (the Mixed
Blocks, which tax all 3 core EFs: working memory, inhibitory
control, and cognitive flexibility), consistent with previous
research,2%21:28:30-32.38 \ye found that prenatal SSRI exposure
alone was not associated with performance on the two EF tasks.
These results are consistent with another study with 5- and 6-
year-olds, which found no significant differences in performance
on an EF task (modified Attentional Network task) between
children with prenatal SSRI exposure, medically untreated
perinatal depression exposure, and no exposure. '’
Correlational results showed that children who were more
accurate on HF at 6 years of age were likely to have mothers with
fewer depressive symptoms during the third trimester and at
6 months postpartum. These results suggest the long-term impact
of perinatal mental health on later child development of EFs,
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consistent with previous research.>*~** Interestingly, the only
significant correlation with Flanker/Reverse Flanker showed that
children at 6 years who were slower on this task were likely to
have a mother with fewer depressive symptoms at 6 years
(r = —0.21). This result was unexpected. However, it is worth
noting that a nonsignificant negative association was also
observed in reaction time for HF at 6 years and maternal
depressive symptoms at 6 years (r = —0.13), increasing our
confidence in these results. One possible explanation is that
children exposed to a mother with fewer depressive symptoms
may be more focused on doing the task well rather than rushing
through the task quickly. This possibility is supported by evidence
that children whose accuracy was better on HF at 6 years were
likely to have mothers with fewer depressive symptoms at 6 years,
as mentioned above. It is also worth noting that this finding was
only observed when children were 6 years of age and not 12 years
of age, suggesting that age may be a contributing factor to these
results.

Maternal Reports of Executive Functions

As expected, longitudinal analysis showed that older children and
children who had mothers with fewer clinician-measured prenatal
depression symptoms were likely to be seen by their mothers as
having better EFs. We failed to find evidence that prenatal SSRI
exposure alone was associated with EFs at 12 years, which is
consistent with our findings with this same cohort at 6 years'® and
previous research that used parent rating of children’s EFs at
4 years (BRIEF GEC).'"'® Yet, it is still possible that subtle
cognitive problems might emerge at a later age and continued
assessment into young adulthood is needed before firmer
conclusions can be made.

Associations Between Executive Function Measures

The 2 EF tasks (Flanker/Reverse Flanker, HF) were significantly
associated with each other, suggesting that they are both tapping
similar EFs. Based on previous findings, we had expected there
would be no significant correlations between performance-
based measures of EFs and parental ratings of EFs.*> However,
mothers whose children were more accurate on Flanker/Reverse
Flanker at 6 years also were more likely to report less executive
dysfunction in their children at 6 and 12 years. No other
associations were significant. Given that most associations
between EF performance and parent-report measures were not
significant (n = 16), these findings emphasize the inherent
differences in the assessment of EF skills using objective
performance-based measures versus subjective informant rating
scales that focus on EF deficits.*>**

Clinical Implications

Results from the current study are especially relevant for
interventions during and after pregnancy. Specifically, we found
that both prenatal and postnatal measures of depressive
symptoms were related to EFs in children. These findings
highlight the importance of ongoing assessments of maternal
mental health long after delivery and assessment of mother’s
mental health beginning long before a child’s EFs are assessed.
Additional research is critical to determine risks related to
maternal depressive symptoms and identify who may benefit
from prenatal and postnatal antidepressant treatment.
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Limitations

A few key limitations should be acknowledged. Mothers in our
cohort were relatively highly educated. Thus, effects reported here
might not generalize across the full socioeconomic spectrum.
Second, although our study measures of maternal depressive
symptoms were comprehensive (clinician rates and self-report),
we did not measure children’s attachment and affect, both of
which have been suggested to mediate the impact of maternal
depressive symptoms on children’s EFs. For example, a loving,
secure connection (attachment relationship) between the mother
and child can buffer against the negative effects of all manner of
early-life stressors including a mother’s tendencies toward
depression.*® Third, genetics and the everyday environment
could also have contributed to the impact of exposure to mothers’
depressive symptoms and SSRI antidepressant treatment. Fourth,
given that SSRI treated mothers remained significantly more
depressed long after pregnancy, our findings may also reflect a
failure to remit symptoms. Thus, these factors need to be
considered by future researchers. Finally, because of our sample
size, we had to limit the number of covariates used in the study.
However, it is possible for larger population-based studies to
address this limitation in the future.

CONCLUSIONS

To our knowledge, this is the only study that has used clinician-
rated measures of maternal depressive symptoms (Hamilton
Rating Scale for Depression), performance-based measures of
EFs, and informant reports of EFs to better understand the
possible impact of prenatal SSRI exposure on children’s cognitive
development over 12 years. Prenatal exposure to SSRIs were not
associated with performance-based measures of EFs, nor in-
formant reports of EFs, once maternal depressive symptoms were
controlled for. Additional research with a larger sample beyond
early adolescence is needed to examine the impact of prenatal
maternal mental health and prenatal SSRI exposure on long-term
patterns of cognitive development in children.
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