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Abstract
Prenatal and postpartum depression are highly prevalent worldwide, and emerging evidence
suggests they contribute to impairments in children’s executive functions. Studies of maternal
depression, however, have focused on the postpartum and postnatal periods with relatively less
consideration of prenatal influences on child development. This study of the large population-
based Avon Longitudinal Study of Parents and Children (ALSPAC) U.K. cohort estimates latent
classes of maternal depression across the prenatal, postpartum, and postnatal periods to capture
heterogeneity in the developmental timing and length of maternal depression, as well as to test
whether latent classes differ in children’s executive function impairments in middle childhood.
Repeated measures latent class analysis yielded five groups demonstrating unique patterns of
change in maternal depression from pregnancy through early childhood (N = 13,624). Latent
classes differed in executive functions at age 8 among a subsample of children (N = 6,870).
Children exposed to chronic maternal depression beginning in utero showed the most
impairments in inhibitory control, while accounting for child sex, verbal 1Q, parents’ highest
education level, and average family income in childhood. The critical roles of the timing and
length of children’s exposure to maternal depression are discussed in relation to executive
function development, prevention, and intervention.
Keywords: ALSPAC, maternal depression, prenatal, postpartum, postnatal, executive functions
Public Significance Statement: Results of this longitudinal birth cohort study suggest that
children exposed to maternal depression persistently through pregnancy and early childhood are
less able to control their thoughts and memories than children exposed to maternal depression
temporarily after birth or not at all. The results add to the growing number of studies that have

linked early exposure to maternal depression to impairments in children’s executive functions.
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Latent Class Analysis of Maternal Depression from Pregnancy through Early Childhood:
Differences in Children’s Executive Functions
Prenatal and postpartum depression are highly prevalent worldwide (Gelaye et al., 2016).

Studies of maternal depression and child development have largely focused on the postpartum
and postnatal periods, which we differentiate as the first year (O’Hara & McCabe, 2013) vs. the
second and third years after birth, respectively (Choe et al., 2020). Exposure to maternal
depression in infancy and early childhood is related to children’s heightened externalizing (Shaw
et al., 2003) and internalizing problems (Choe et al., 2020), poor language development
(McManus & Poehlmann, 2012; Sohr-Preston & Scaramella, 2006), suboptimal self-regulation
(Choe et al., 2013, 2014), and executive function impairments (Baker & Kuhn, 2017; Hughes et
al., 2013). Prenatal depression is also strongly related to child outcomes, but fewer studies have
examined its effects on children as opposed to postpartum depression, and only more recently
have the potential consequences of prenatal depression garnered more research focus (Field,
2011). One topic of this focus has been children’s executive functions (EFs), the top-down
control processes that emerge early in life as a unidimensional construct but gradually
differentiate with age into working memory, inhibitory control, and cognitive flexibility; skills
that promote goal-directed behavior and self-regulation (Best & Miller, 2010; Diamond, 2013;
Park et al., 2018). A recent meta-analysis of 16 studies linking perinatal depression, covering
conception through one year after birth, to child EFs reported a negligible difference between
prenatal and postpartum depressions’ modest effect sizes (Power et al., 2021). Hence, despite
prenatal depression being the focus of less research, it may convey comparable risk for
children’s EF development as exposure to maternal depression after birth.

Depression is a cyclical disorder with varying trajectories of severity. Patterns of change
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in mothers’ depressive symptoms are related to individual differences in children’s cognitive and
socioemotional functioning (Campbell et al., 2009; Park et al., 2018). At least one population-
level longitudinal study has reported distinct patterns of change in maternal depression across the
prenatal, postpartum, and postnatal periods (Cents et al., 2013), but it remains unclear whether
population-level heterogeneity in maternal depression across this developmental span is related
to impairments in children’s EFs. Attention to this matter is warranted, as the optimal
development of EFs promotes adaptive functioning across a myriad of domains, such as self-
regulation, school readiness, and mental health (Blair & Raver, 2015). For example, a recent
meta-analysis found poor EFs in childhood predict future externalizing and internalizing
problems (Yang et al., 2022). Diamond (2013) argues that EFs and their neural underpinnings
serve as an “early warning system” when life goes awry, as they show some of the earliest signs
of harm when people are stressed, sad, lonely, sleep deprived, or physically unhealthy. We
therefore focus on impairments in children’s EFs as they are implicated in a wide range of
cognitive and socioemotional problems. This study leverages data from the large population-
based Avon Longitudinal Study of Parents and Children (ALSPAC), which targeted all pregnant
women in the former county of Avon in the southwest of England (Fraser et al., 2013). We
estimate latent classes of change in maternal depression throughout pregnancy and early
childhood and use these latent classes to determine whether the developmental timing and length
of exposure to maternal depression have implications for children’s EFs.
Prenatal Depression and Child Executive Functions

Prevalence estimates suggest 10% to 30% of women experience prenatal depression, or
antenatal depression, as it is termed in many countries (Gelaye et al., 2016; Mukherjee et al.,

2016). Prenatal depression increases mothers’ risk of re-experiencing depression after pregnancy,
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as experiencing a depressive episode increases the odds of future episodes (Field, 2011; O’Hara
& McCabe, 2013). Chronic exposure to maternal depression beginning early in childhood is
more strongly related to school-age internalizing and externalizing problems compared to
intermittent exposure or exposure starting later in childhood (Campbell et al., 2007; Goodman et
al., 2011), which suggests the timing and length of exposure to maternal depression are critical
factors that determine the extent of depression’s impact on child outcomes. We use the terms
maternal depression and maternal depressive symptoms interchangeably because both mothers’
diagnosed depression and high symptom ratings predict children’s suboptimal outcomes across
development (Meaney, 2018). Thus, children exposed to chronic maternal depression from the
prenatal period through early childhood are expected to show more impaired EFs than children
exposed to maternal depression intermittently or only later in development.

Although some studies have found postpartum depression predicts child behavior
problems more strongly than does prenatal depression (Bagner et al., 2010; van der Waerden et
al., 2015a), research with the ALSPAC sample has shown prenatal depression predicts some
child outcomes more strongly than postnatal depression. Compared to other longitudinal studies,
many of which collected limited prenatal data, sometimes with retrospective reports or short-
term follow-up data in childhood (Campbell et al., 2007), the ALSPAC study collected extensive
perinatal and postnatal data prospectively. Prior ALSPAC studies found that relative to postnatal
depression, prenatal depression more powerfully predicts developmental delays at 18 months old
(Deave et al., 2008), emotional-behavioral dysregulation from 2 to 7 years old (Pina-Camacho et
al., 2014), and cognitive impairments at 8 years old (Barker et al., 2013). Therefore, prior studies
of the ALSPAC sample suggest that children exposed to only prenatal depression may be more

likely to show EF impairments than children exposed to maternal depression only after birth.
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The developmental origins of health and disease framework posits that the fetus prepares
for the postnatal environment by adapting to cues in the prenatal environment (e.g., maternal
stress and nutrition) to optimize survival during both developmental periods (Camerota &
Willoughby, 2021). Prenatal stress alters fetal brain development, as well as autonomic nervous
system, hypothalamus-pituitary-adrenal (HPA) axis, and immune functioning in utero (Davis et
al., 2018; Van den Bergh et al., 2020) with long-term effects on neurodevelopment and cognitive
functioning (Robinson et al., 2019). In support of Diamond’s (2013) “early warning system”
argument, prenatal depression and stress are associated with functional and structural changes in
fetal brain development in neural substrates of EFs and the regulation of HPA-axis functioning,
specifically the prefrontal cortex and amygdala (Davis et al., 2018; Robinson et al., 2018; Van
den Bergh et al., 2020). Prenatal alterations in stress reactivity or regulation may in turn increase
offspring vulnerability to the effects of postpartum and postnatal depression, resulting in a wider
range of cognitive and socioemotional problems. Prenatal depression may alter EF development,
but the limited empirical research has yielded inconsistent evidence as to whether it predicts
specific or global impairments in EFs (Robinson et al., 2019; Van den Bergh et al., 2020).
Postpartum and Postnatal Depression

A meta-analysis of postpartum depression reported a worldwide prevalence rate of 17%
of healthy mothers with no prior history of depression (Shorey et al., 2018). Children in the U.K.
are most often exposed to maternal mental illness in the first three months postpartum, and
depression is the most common mental illness mothers experience in the U.K. (Abel et al., 2019).
Exposure to postpartum depression, in turn, predicts children’s poor language and cognitive
skills, including 1Q scores, mediated in part by compromised parenting (O’Hara & McCabe,

2013; Sohr-Preston & Scaramella, 2006). Recent studies have shown young children’s EFs,
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language skills, and general cognitive ability are separable but interrelated constructs (Gooch et
al., 2016; Hughes & Devine, 2019), so impairments in one domain related to exposure to
postpartum depression may generalize to other domains. Evidence of the enduring impact of
early exposure to maternal depression on children’s EFs is slowly emerging in the literature.

Prior research with the ALSPAC sample found mothers’ postpartum depressive
symptoms, averaged across 2 and 8 months, were negatively related to 8-year-old’s attentional
control and attentional switching but not their working memory or selective attention (Pearson et
al., 2016). A dose—response relation showed corresponding increases in the severity of mothers’
postpartum symptoms and children’s impairments. This study, however, accounted for prenatal
anxiety, as opposed to prenatal depression, to capture distinct pathways of biological risk during
pregnancy, as it was noted that prenatal and postnatal depressive symptoms were highly
intercorrelated (» > .70). Prenatal depression is a stronger predictor of children’s socioemotional
problems than prenatal anxiety (Madigan et al., 2018), but whether prenatal depression predicts
child EFs independently of, or incrementally over, postpartum depression remains untested.
Furthermore, no studies of the ALSPAC sample have examined longitudinal patterns of change
in maternal depression from the prenatal period through early childhood in relation to child EFs.

Early childhood is a period of development during which children are believed to be
highly vulnerable to the negative effects of maternal depression, partly because of the substantial
time young children spend with their parents and their heavy dependence on them for physical
and emotional care and stimulation (Bagner et al., 2010; Choe et al., 2013, 2014). Exposure to
postnatal depression during early childhood is negatively associated with children’s performance
on EF tasks (Baker & Kuhn, 2017; Park et al., 2018). For example, higher initial levels of

mothers’ postnatal depressive symptoms and smaller decreases in depression across early
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childhood predict children’s poorer EFs at 6 years old (Hughes et al., 2013). No study that we
know of has examined heterogeneity in prenatal, postpartum, and postnatal symptoms in a
population-based sample to clarify the roles of developmental timing and duration of exposure to
maternal depression in its longitudinal relations with child EFs.
Heterogeneity in Maternal Depressive Symptoms

Longitudinal studies have frequently used group-based trajectory modeling, such as latent
class growth analysis or growth mixture modeling, to estimate discrete trajectory classes of
growth in maternal depressive symptoms (e.g., Campbell et al., 2007; Cents et al., 2013). This
approach delineates heterogeneity in the timing, severity, and course of maternal depression, and
thus variation in initial levels of symptoms and their functional forms of change across time. At
least six studies in western Europe (Cents et al., 2013; Fredriksen et al., 2017; Luoma et al.,
2015; Sutter-Dallay et al., 2012; van der Waerden et al., 2015a, 2015b) and six studies in North
America (Campbell et al., 2007; Choe et al., 2020; Gross et al., 2009; McCall-Hosenfeld et al.,
2016; Mora et al., 2009; Park et al., 2018) estimated growth in maternal depression during
pregnancy, infancy, and/or childhood using group-based trajectory modeling. Overall, studies
found separate trajectory classes of maternal depression illustrating prototypical patterns of
continuity and change: some classes had chronically high, moderate, or low levels of symptoms
that were stable across time, while others had intermittent, increasing, or decreasing trajectories
of symptoms that were only elevated in the prenatal, postpartum, or postnatal period.

A few of these studies spanned the prenatal, postpartum, and postnatal periods, but many
did not examine trajectory class differences in child outcomes, and only one examined EFs. A
Canadian study found that children of mothers with increasing depressive symptoms from

pregnancy to 3 years of age showed poorer EFs at age 6 than children of mothers with few
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symptoms (Park et al., 2018). This study’s small sample yielded a low trajectory class with 105
mothers, an increasing trajectory with 27 mothers, and a decreasing trajectory with only 15
mothers. Mothers at high risk for mental illness were also oversampled, which likely influenced
their estimated trajectory classes and limited their generalizability. Thus, a population-level study
of maternal depression covering this same developmental span is needed.

Latent class analysis (LCA) is another person-centered latent variable modeling approach
to estimating patterns of change in longitudinal data and population heterogeneity on a set of
behaviors (Lanza & Cooper, 2016). Repeated measures LCA (RMLCA) estimates latent classes
that reflect different patterns of categorical change over three or more assessments. A key
difference between RMLCA and group-based trajectory modeling is the latter estimates change
as a function of time whereas RMLCA does not impose functional forms of growth (e.g.,
quadratic) to identify naturally occurring changes across time in each latent class (Collins &
Lanza, 2010). In this study, mothers’ ratings of their depressive symptoms are dichotomized by
whether they exceed the depression measure’s clinical cutoff, so RMLCA can estimate patterns
of change in mothers’ risk of probable depression from pregnancy through early childhood.

To our knowledge, only Campbell and colleagues (2009) used LCA to estimate patterns
of change in maternal depression across 10 assessments from ages 1 month to 12 years in a large
U.S. sample. A small class of mothers (4.7%) reported chronically high symptoms exceeding the
clinical cutoff throughout the 12 years. A small class of mothers (5.1%) reported high symptoms
exceeding the clinical cutoff in the postpartum period that declined at 24 months to moderate
subclinical levels. A larger class of mothers (10.9%) reported moderate symptoms that dipped
below the clinical cutoff at 6 and 15 months but exceeded the clinical cutoff at all other ages.

Almost 80% of mothers followed one of two trajectories with low symptom levels throughout
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childhood. Children of mothers with the fewest symptoms had lower levels of risky behavior and
behavior problems at age 15, but they did not differ from children of mothers with early and
decreasing symptoms (Campbell et al., 2009). We extend this study, which did not assess EFs or
prenatal depression, by examining latent classes of change in mothers’ prenatal, postpartum, and
postnatal depression and their differences in child EFs.
The Current Study

This longitudinal study of ALSPAC families tests two research questions: 1) Are there
separable latent classes of mothers who meet clinical cutoffs for depression during the prenatal,
postpartum, or postnatal periods? and 2) Exposure to which class of maternal depression is most
detrimental to children’s school-age EFs? H1: We hypothesize finding five latent classes of
mothers with elevated risk of: chronic depression, only prenatal depression, only postpartum
depression, only postnatal depression, or no depression throughout the prenatal to postnatal
periods. Studies show early and chronic exposure to maternal depression most strongly predicts
child maladjustment, and prior ALSPAC studies show prenatal depression predicts child
outcomes more strongly than postpartum depression. H2: We hypothesize finding a gradient of
EF impairments across latent classes based on the timing and duration of depression, such that
children of mothers at high risk for chronic depression will show the most impairments at 8 years
old, while children of mothers at low risk for depression across time will show the fewest
impairments. Between these two classes, more EF impairments are expected for children of
mothers at high risk for only prenatal depression compared to children of mothers at high risk for
only postpartum or postnatal depression, and more for children of mothers in the postpartum
group than the postnatal group. Lastly, in exploratory tests of whether exposure to maternal

depression is related to specific or global EF impairments, we examine latent class differences in
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three facets of inhibitory control: selective attention and divided attention (also subcomponents
of executive attention) and cognitive inhibition (Diamond, 2013).
Methods

Participants and Procedure

The sample consists of participants from ALSPAC, an ongoing longitudinal birth cohort
study of more than 14,000 participants from pregnancy to adulthood conducted to understand
genetic and environmental factors in a wide range of developmental and health outcomes.
Pregnant women in the former county of Avon in the U.K. were recruited if they had an expected
delivery date between April 1, 1991 and December 31, 1992. An initial sample of 14,541
pregnant women were recruited, resulting in 14,676 fetuses, 14,062 live births, and 13,988
children alive at one year of age. When the oldest children were approximately 7 years old, an
attempt was made to add to the initial sample eligible families who initially declined to
participate or did not respond to earlier recruitment calls, resulting in a total sample size of
15,454 pregnancies and 15,589 fetuses. Of this sample, 14,901 children were alive at age one
(49% female, 2% non-White mothers, 79% married couples). Notably, this sample includes
mothers who experienced pregnancy and birth complications, as well as mental health problems
that likely impact the current study’s focal variables. This rich dataset includes many waves of
data collection, including questionnaires completed by children, parents, and teachers;
administrative records; observational data; clinical assessments; and biological samples. The
study website contains details of all available data through a fully searchable data dictionary and

variable search tool: http://www.bristol.ac.uk/alspac/researchers/our-data/. For further

information regarding sample enrollment, participant characteristics, and general study

methodology, we refer the reader to publications from the ALSPAC team that have profiled this


http://www.bristol.ac.uk/alspac/researchers/our-data/
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cohort (Boyd et al., 2013; Fraser et al., 2013; Golding et al., 2001). Ethical approval for the study
was obtained from the ALSPAC Ethics and Law Committee, but the current study was exempt
from local institutional review because it was a secondary data analysis. Informed consent for the
use of the data collected via questionnaires and clinics was obtained from participants following
recommendations of the ALSPAC Ethics and Law Committee at the time.

The current study’s LCA analyses, addressing hypothesis 1, included 13,624 mothers
who reported their depressive symptoms at least once across all assessments: 4.5 and 8 months in
the prenatal period, 2 and 8 months in the postpartum period, and 21 and 33 months in the
postnatal period. Parents also completed demographic questionnaires throughout childhood,
which yielded data on childhood covariates. When children were approximately 8 years old, a
subsample of children were invited to attend clinic visits for assessments of their intellectual and
executive functioning. This subsample of 6,870 children with EF data were included in analyses
replicating LCA results and testing mean differences among latent classes for hypothesis 2. Only
5,095 children possessed data for all childhood covariates, so we imputed missing data in
childhood covariates to include all 6,870 children with EF data in tests of hypothesis 2.
Measures

Maternal depressive symptoms. Mothers reported their symptoms on the Edinburgh
Postnatal Depression Scale (EPDS), a 10-item questionnaire validated for use during and outside
the postnatal period as well as with community samples (Murray & Carothers, 1990), on a scale
from 0 to 3 with higher values indicating greater agreement to statements, such as “I have
blamed myself unnecessarily when things went wrong” (Cox et al., 1987). Cronbach alphas for
the EPDS scores ranged from .85 to .88 across assessments (Paul & Pearson, 2020). Scores over

12 are highly sensitive and specific in predicting clinical diagnoses of major depressive disorder



PRENATAL TO POSTNATAL TRAJECTORIES 13

(Hewitt et al., 2009; Gaynes et al., 2005). Recent work shows a clinical cutoft of 13 distinguishes
between pregnant or postpartum women with probable depression and those with subthreshold
symptoms (Levis et al., 2020). We coded mothers who scored at or above the clinical cutoff of 13
as “1” for probable depression and those who scored below as “0” for non-depressed. At 4.5 and
8 months in pregnancy, 12.4% and 13.5% of women met risk criteria for probable depression,
respectively. At 2 and 8 months postpartum, 8.7% and 7.2% of mothers met criteria for probable
depression, respectively. At 21 and 33 months in the postnatal period, 7.4% and 8.7% of mothers
met criteria for probable depression, respectively.

Child executive functions. Executive functions were assessed when children were 8
years old using three subtests of the Test of Everyday Attention for Children: Sky Search, Dual
Attention, and Opposite Worlds (Manly et al., 1998). The Sky Search task assesses a child’s
ability to focus on relevant stimuli and measures selective attention. The Dual Attention task
builds on Sky Search and measures the ability to divide attention, as it requires children to multi-
task. The Opposite Worlds task is a Stroop-like task used to measure cognitive inhibition. Items
for the tasks were aggregated into task-specific normative scores with high test-retest reliability
(Sky Search r = .90, Dual Attention r = .81, Opposite Worlds r =.92; Manly et al., 2001).

Covariates. Main analyses included childhood correlates of children’s performance on
EF tasks at age 8. We included weekly family income in childhood (averaged across ages 33
months, 47 months, 7 years 1 month, and 8 years 1 month, alpha = .90), the highest level of
education among either parent at child age 8, biological sex of the child (coded as -1 = male, 1 =
female), and child verbal 1Q scores assessed at age 8 with the following five subtests of the
widely-used Wechsler Intelligence Scale for Children (WISC-111Y%): information, similarities,

arithmetic, vocabulary, and comprehension (Wechsler, 1991). We used covariates assessed at the
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same age as children’s EFs to limit the impact of potential confounds when examining mean
differences among latent classes of maternal depression.
Data Analysis Plan

We examined descriptive statistics, correlations, missing data, and attrition in SPSS 27.
We tested study hypotheses using LCA in Mplus 8.7 (Muthén & Muthén, 1998-2021). The goal
of LCA is to identify latent classes that represent subgroups of individuals with the same pattern
of responses on a set of categorical variables, prevalence estimates for each latent class, and each
variable’s amount of error in measuring latent classes (Collins & Lanza, 2010; Lanza & Cooper,
2016). We used the full LCA sample of mothers (n = 13,624) to test Hypothesis 1. We estimated
two through six latent classes in a series of RMLCA to identify patterns of change in mothers
meeting the clinical cutoff for probable depression from the prenatal through postnatal periods.
We compared model fit indices to identify a solution with the best balance of model fit and
parsimony and conceptually meaningful latent classes. Best model fit was decided by the lowest
Akaike’s information criterion (AIC) and Bayesian information criterion (BIC), entropy close to
1.0, class membership posterior probabilities close to 1.0, and significant Lo-Mendell-Rubin
adjusted likelihood ratio test (LMR-LRT) and bootstrap likelihood ratio test (BLRT), which
indicate improvements over simpler solutions with one fewer class. After finding the best
solution, to test Hypothesis 2, we examined mean differences among latent classes on Sky
Search, Dual Attention, and Opposite Worlds scores at age 8 in a series of models wherein
covariances among the three dependent variables were held constant across latent classes. We
used a manual Bolck, Croon, and Hagenaar (BCH) method to test mean differences in EFs with
z-tests while accounting for uncertainty in latent class membership, without altering latent class

composition (Asparouhov & Muthén, 2021), and childhood covariates to reduce bias from non-
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random missing data and attrition in the 6,870 children with imputed missing data for childhood
covariates. In sensitivity analyses, we examined mean differences in child EFs and childhood
covariates with the full LCA sample (n = 13,624) using Wald chi-square (y?) tests and an
automatic BCH method that accounts for class uncertainty (Asparouhov & Muthén, 2021). The
automatic BCH method does not allow one to account for covariates, so these sensitivity
analyses were used to replicate tests of mean differences in study variables without altering latent
class composition or using imputed data. We calculated Cohen’s d effect sizes (J. Cohen, 1988)
post hoc with an online calculator (Lenhard & Lenhard, 2016) for all latent class differences.
Results

Preliminary Results

Supplemental Table 1 shows descriptive statistics and intercorrelations of study variables.
Absolute skewness and kurtosis values (1.94-2.92 and 1.75-6.51, respectively) were within
acceptable ranges for maternal depression, covariates, and child variables. Only distributional
values for Opposite Worlds scores indicated non-normality (skewness = -3.52, kurtosis = 17.58),
which supported use of maximum likelihood with robust standard errors to produce parameter
estimates robust to non-normality (Kline, 2016). Little’s (1988) missing completely at random
(MCAR) test with expectation maximization, x*(166) = 1,380.33, p < .001, indicated that missing
data were related to measured variables warranting their inclusion as covariates in main analyses.
Missing data and attrition analyses are reported in the Supplemental Appendix. We included
weekly family income, parental education, child sex, and child verbal IQ as covariates in
predictive models to account for their associations with nonrandom missing data and attrition.
Main Results

H1: We hypothesized finding five latent classes of change in mothers’ risk of chronic
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depression, only prenatal depression, only postpartum depression, only postnatal depression, or
no depression throughout the prenatal to postnatal periods. As shown in Table 1, the 5-class
solution yielded the best overall fit (i.e., second lowest AIC and BIC, second highest entropy),
was a significant improvement over the 4-class solution, and its five classes mostly supported
our first hypothesis. Figure 1 displays the 5-class solution’s latent classes of mothers showing
elevated risk of chronic depression (4.6% of LCA sample, .72 class membership posterior
probability), prenatal-only depression (10.7%, .65 probability), postnatal-only depression
(5.2%, .62 probability), and a large class of non-depressed mothers (76.8%, .92 probability). Our
hypothesized “postpartum-only” class was not supported, but we found a postpartum class
(2.6%, .71 probability) in which all mothers exceeded the clinical cutoff at 8 months postpartum
and about 50% odds of exceeding the cutoff at 21 and 33 months. We chose a 5-class solution to
test our second hypothesis, as it best fit the data when considering all indices, improved upon
simpler solutions, and produced conceptually meaningful latent classes. We largely replicated
these classes in the subsample with EF data (n = 6,870), but the postnatal-only class was smaller
with a lower risk of depression and more mothers were assigned to the prenatal-only class.

H2: We hypothesized finding a gradient of EF impairments across latent classes based on
the timing and duration of children’s exposure to maternal depression. Table 2 shows means and
standard errors for each EF task and latent class among the 6,870 children with EF data, with
statistically significant mean differences indicated with super-scripted letters; only significant
covariates are noted. While accounting for uncertainty in latent class membership and childhood
covariates with imputed missing data, children of mothers with chronic depression scored lower
in cognitive inhibition than children of mothers in the postpartum (z =-.77, p = .010, Cohen’s d

= -.24), postnatal-only (z = -.84, p = .003, Cohen’s d = -.28), and non-depressed classes (z = -.53,
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p =.028, Cohen’s d =-.26), but they did not differ from the prenatal-only depression class.

We expected children of mothers in the prenatal-only depression class to demonstrate
greater impairments in EFs than children of mothers in the postpartum, postnatal-only, and non-
depressed classes. Table 2 shows that after accounting for uncertainty in latent class membership
and childhood covariates, children of mothers in the prenatal-only depression class did not differ
in EFs from children of mothers in any other class.

We expected children of mothers in the postpartum depression class to demonstrate
greater impairments in EFs than children of mothers in the postnatal-only and non-depressed
classes. Table 2 shows that when accounting for class uncertainty and childhood covariates,
children of mothers in the postpartum class scored lower in divided attention than children of
mothers in the non-depressed class (z =-2.09, p = .037, Cohen’s d = .24).

We expected children of mothers in the postnatal-only depression class to demonstrate
greater EF impairments than children of mothers in the non-depressed class. Unexpectedly, when
accounting for class uncertainty and covariates, children of mothers in the postnatal-only class
scored higher in cognitive inhibition than children of mothers in the non-depressed class (z = .32,
p =.024, Cohen’s d =-.17) and, as noted above, the chronic depression class (see Table 2).

Overall, no latent classes of maternal depression differed in children’s selective attention.
Children’s selective attention and divided attention scores were unrelated to each other (» = .001,
p =.952), but both selective (» = .20, p <.001) and divided attention (» =.17, p <.001) scores
were positively correlated with cognitive inhibition scores. Children of mothers with chronic
depression showed the most impairments in cognitive inhibition, consistently across all models.
Unexpectedly, children of mothers with only postnatal depression performed best in cognitive

inhibition. Children of mothers without depression performed better on divided attention than
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children of mothers with postpartum depression. Cohen’s d effect sizes were small to very small.
Sensitivity Analyses

Supplemental Table 2 shows results of sensitivity analyses with the full LCA sample (n =
13,624) testing mean differences on study variables using maximum likelihood estimation while
accounting for uncertainty in latent class membership. These analyses more than doubled the
analytic sample size to test hypothesis 2 and did not control for childhood covariates, so they had
greater statistical power and no imputed missing data. Consistent with main results, children of
mothers in the chronic class scored lower in cognitive inhibition than children of mothers in the
postpartum, postnatal-only, and non-depressed classes, and children of mothers in the postpartum
class scored lower in divided attention than children of mothers in the non-depressed class.
Contrary to main results, children of mothers in the prenatal-only class scored lower in cognitive
inhibition than children of mothers in the postpartum, postnatal-only, and non-depressed classes,
children of mothers in the postnatal-only and non-depressed classes no longer scored differently
in cognitive inhibition, and children of mothers in the prenatal-only class scored lower in
cognitive inhibition than children of mothers in the non-depressed class. Sensitivity analyses
mostly replicated findings from the main results, but they revealed more impairments in EFs for
children of mothers with only prenatal depression that did not remain significant when only the
6,870 children with EF data were included in analyses that accounted for childhood covariates.
The second row of Table 2 reporting main results shows percentages of each latent class found in
replicated classes in sensitivity analyses with the full LCA sample.

Lastly, we examined mean differences on childhood covariates among the five latent
classes in the full LCA sample (n = 13,624) to better understand whether differences in their

family and child characteristics help explain their differences in child EFs. The bottom of
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Supplemental Table 2 shows the non-depressed class had higher family incomes than the
postnatal-only, postpartum, prenatal-only, and chronic classes. The postpartum class had higher
family incomes than the postnatal-only, prenatal-only, and chronic classes. The non-depressed
class had higher parent education than the prenatal-only and chronic classes, and the postnatal-
only class had higher parent education than the chronic class. The non-depressed class had higher
child verbal 1Q than the postpartum and prenatal-only class, and the postnatal-only class had
higher child verbal 1Q than the prenatal-only class. Child sex did not differ among latent classes.
Discussion

To our knowledge this longitudinal study of the ALSPAC cohort is only the second study
to use LCA to identify subgroups of mothers showing distinct patterns of naturally occurring
change in maternal depression across development. It extends Campbell et al.’s (2009) study of
U.S. families by identifying five latent classes of change in Avon mothers’ risk of clinical
depression beginning in the second trimester of pregnancy through the postpartum and postnatal
periods. Latent classes differed in the timing and length of mothers’ depression, as well as in
children’s cognitive inhibition when accounting for child and family characteristics in childhood,
such as household income and parent education. In the following, we integrate our main findings
with the broader literature on maternal depression including past ALSPAC studies.
Latent Classes of Maternal Depression from Pregnancy through Early Childhood

Our RMLCA findings reveal natural patterns of change in ALSPAC mothers’ risk of
clinical depression that largely support our first hypothesis and align with longitudinal studies
from North America and Western Europe, and the only other population-based study to
document discrete patterns of change in maternal depression from pregnancy through early

childhood (Cents et al., 2013). The largest observed latent class included over 75% of mothers
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with minuscule risk of meeting the clinical cutoff for probable depression, which aligns with past
longitudinal evidence (e.g., Cents et al., 2013; Fredriksen et al., 2017; Park et al., 2018).

The next largest latent class included almost 11% of ALSPAC mothers with moderately
high risk of prenatal depression that dropped to a slightly elevated risk after pregnancy, similar to
other findings (Fredriksen et al., 2017; Mora et al., 2009; Park et al., 2018; van der Waerden et
al., 2015a). In contrast, Sutter-Dallay and colleagues (2012) found 21% of French mothers had
depressive symptoms that peaked prenatally and met clinical cutoffs from pregnancy through
early childhood, but they excluded mothers with prior depressive episodes, which likely affected
their trajectory class sizes, as studies generally show higher prevalence rates of prenatal than
postpartum depression (Field, 2011). And indeed, our prenatal-only depression class included
substantially more mothers than our postpartum class (2.6%), which showed increasing risk of
depression from the second trimester until all mothers met the clinical cutoff at 8 months
postpartum. Contrary to our hypothesis, the postpartum class’ risk of depression remained at
moderate levels after infancy. This was the smallest class, similar to the 2% of Norwegian
mothers whose symptoms only exceeded the clinical cutoff at 1.5 months postpartum (Fredriksen
et al., 2017). Other studies have found trajectories differing in size in which mothers’ symptoms
peaked after birth but were slightly elevated to moderately high in the prenatal or postnatal
period (Campbell et al., 2009; McCall-Hosenfeld et al., 2016; Sutter-Dallay et al., 2012).

Almost 5% of ALSPAC mothers continually showed high risk of exceeding the clinical
cutoff during pregnancy through early childhood. This chronic depression class was similar in
size to the 4.7% of U.S. mothers reporting the most symptoms throughout childhood (Campbell
et al., 2009), and trajectory classes spanning pregnancy through early childhood of chronically

depressed mothers in the U.S. (Mora et al., 2009) and France (Sutter-Dallay et al., 2012; van der
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Waerden et al., 2015a). Other studies have found smaller chronic trajectory classes among Dutch
(Cents et al., 2013) and U.S. mothers (McCall-Hosenfeld et al., 2016), and studies with smaller
samples have not found chronic trajectories (e.g., Choe et al., 2020; Luoma et al., 2015; Park et
al., 2018).

About 5% of ALSPAC mothers were in the postnatal-only depression class, showing
moderately low risk of depression in pregnancy and early infancy that increased from 8 months
postpartum to similar risk levels as the chronic depression class at 33 months. VVan der Waerden
and associates (2015a) also found almost 5% of French mothers experienced severe depressive
symptoms during the preschool years that worsened from ages 3 to 5. Mora et al. (2009) found
7% of U.S. mothers experienced worsening symptoms that peaked when children were 2 years
old. These findings align with evidence that some mothers experience low to moderate levels of
depressive symptoms that progressively worsen in severity across early childhood until
exceeding clinical cutoffs (Campbell et al., 2009; Fredriksen et al., 2017; Park et al., 2018).
Latent Class Differences in Children’s School-Age Executive Functions

Almost all differences between latent classes of maternal depression were in children’s
cognitive inhibition, a subcomponent of inhibitory control that involves the suppression of
prepotent mental representations (Diamond, 2013). Cognitive inhibition supports working
memory by helping children inhibit distracting thoughts and memories that can interfere with
their learning and performance on goal-oriented tasks. The ability to inhibit attention to
distractors also promotes selective and sustained attention, as well as flexibility in engaging in
self-control (Diamond, 2006, 2013). Impairments in cognitive inhibition are positively associated
with children’s memory errors (Alexander et al., 2002) and hyperactivity (Burley et al., 2022),

which may in part explain inhibitory control’s positive association with academic skills (Allan et
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al., 2014) and its negative association with externalizing problems (Choe et al., 2014). Notably,
the Opposite Worlds task that assesses cognitive inhibition may have been more sensitive in
detecting differences among latent classes than the other two tasks, as it is the most difficult.

Regardless of whether we accounted for childhood covariates, children of mothers in the
chronic depression class continually showed poorer cognitive inhibition than children in the non-
depressed, postpartum, and postnatal-only classes. These three classes had higher family
incomes, parent education, and/or child verbal 1Q than the chronic and prenatal-only classes, yet
differences in cognitive inhibition remained even when accounting for covariates. Children in
these three latent classes also showed better cognitive inhibition than children in the prenatal-
only class, but not after accounting for covariates. These findings support the argument that
chronic exposure to maternal depression beginning in utero is more detrimental to child
development than intermittent or later exposure (Campbell et al., 2007; Goodman et al., 2011).
They add to the growing evidence of negative associations between mothers’ depression and
children’s EFs (Baker & Kuhn, 2017; Hughes et al., 2013; Park et al., 2018; Pearson et al., 2016)
by showing chronic exposure to maternal depression from pregnancy through early childhood is
associated with impairments in cognitive inhibition but not in selective attention, another
subcomponent of inhibitory control that reflects inhibition at the level of attention rather than at
the level of thoughts and memories (Diamond, 2013).

Executive functions emerge in rudimentary form in infancy, are first measured reliably
between 8 and 12 months of age, and improve rapidly across early childhood and the early
school years (Best & Miller, 2010; Diamond, 2006, 2013). Age-related improvements in EFs
attributed to the continuing maturation of the prefrontal cortex promote school readiness, social

and academic competencies, as well as optimal physical and mental health (Blair & Raver, 2015;
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Diamond, 2013). The development of EFs and the prefrontal cortex are disrupted by early and
chronic adversity (Blair, 2010), suggesting that exposure to maternal depression starting in utero
is most harmful to children’s EFs and their neural underpinnings when followed by exposure to
maternal depression and its caregiving disruptions in infancy and early childhood (Baker &
Kuhn, 2017; Gueron-Sela et al., 2018). This study’s findings extend past ALSPAC evidence of
greater deficits in children related to prenatal than postpartum depression by showing that the
chronicity of maternal depression from pregnancy through early childhood is a key determinant
of its impact on specific EFs (Barker et al., 2013; Deave et al., 2008; Pina-Camacho et al., 2014).
We found and replicated one other latent class difference in children’s divided attention,
a condition under which focused attention is needed for concurrent tasks, such as when multi-
tasking (R. A. Cohen, 2014). Consistent with hypotheses, children of mothers in the postpartum
depression class showed more divided attention impairments than children of non-depressed
mothers. The postpartum depression class had lower family incomes and child verbal 1Q than the
non-depressed class, as well as a heightened risk of depression during the postnatal period, so
children’s suboptimal performance may have been related to intermittent exposure to maternal
depression in both infancy and early childhood. Pearson and colleagues’ (2016) prior study of
ALSPAC families found greater postpartum depressive symptoms predicted 8 years old’s greater
impairments in cognitive inhibition and divided attention, which they referred to respectively as
attentional control and attentional switching. Cognitive inhibition impairments in turn predicted
lower academic achievement at 16 years old, thereby mediating effects of postpartum depression.
Strong stability in depression across the perinatal period may explain our similar findings linking
maternal depression with children’s impairments in cognitive inhibition and divided attention.

Contrary to our hypothesis, children of mothers in the postnatal-only depression class
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showed better cognitive inhibition than children of mothers in the non-depressed class. We know
of no other study to document such an effect, but the late manifestation of depression for mothers
in the postnatal-only class may not have affected the early development of inhibitory control and
its neural underpinnings. This does not, however, explain why children exposed to maternal
depression only in early childhood performed better than children never exposed to maternal
depression when other studies have linked early childhood exposure to EF deficits (e.g., Baker &
Kuhn, 2017; Hughes et al., 2013). We refrain from speculating as to why children exposed to
only postnatal depression performed better than children of mothers at lowest risk for depression
and consider this finding to be tentative pending independent replication.
Strengths, Limitations, and Future Directions

Strengths of this study include its large population-based sample, longitudinal design,
multi-method data, and person-centered approach to estimating latent classes capturing
heterogeneity in maternal depression across the prenatal, postpartum, and postnatal periods. The
ethnically homogenous composition of our U.K. sample, however, limits to whom we can
generalize our findings. Samples with greater racial-ethnic and cultural diversity are needed in
future studies as there are clear racial-ethnic disparities in maternal depression that are not
entirely explained by socioeconomic factors (Mukherjee et al., 2016). Mothers were retained in
the sample regardless of their pregnancy or birth complications and psychiatric history, which all
increase risk of depression and children’s poor EFs (Field, 2011). We also dichotomized
mothers’ EPDS scores at the clinical cutoff rather than use their continuous scores; however,
mothers’ subclinical symptoms of depression also predict children’s poor outcomes, so it is
important for future studies to examine the severity of mothers’ symptoms across a continuum

(Meaney, 2018). Further, we lacked data on EFs in early childhood and adolescence as well as
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mothers’ depression and other mental health problems in middle childhood, so we do not know
whether latent class differences in child EFs were present before or after middle childhood and
whether they were a result of maternal depression or other mental illnesses at age 8. Most latent
classes included about 50% of mothers from their replicated classes in sensitivity analyses with
the full LCA sample, except for the prenatal-only (37.2%) and chronic (41.4%) depression
classes which showed greater evidence of selective attrition than the other latent classes. Future
studies that incorporate time-varying covariates will be better suited for examining the continuity
of associations among our focal variables. Lastly, future studies of the prenatal and time-varying
predictors of membership to latent classes of maternal depression, such as a history of anxiety or
depression (Sutter-Dallay et al., 2012; van der Waerden et al., 2015b) or limited social support
(Choe et al., 2020; McCall-Hosenfeld et al., 2016), can further clarify their antecedents and
correlates across developmental periods, as well as inform prevention and intervention efforts.
Conclusion

Depression is the most common mental illness afflicting mothers in the U.K., with rates
as high as 17.5% of mothers with young children and 22.2% with adolescents (Abel et al., 2019).
This longitudinal investigation found that most mothers show the greatest risk of clinical
depression during pregnancy, but impairments in EFs only consistently emerge for children
exposed to maternal depression persistently throughout the perinatal period and early childhood.
Perinatal depression is a major public health issue that creates large lifetime costs to families and
society, for example in preterm births, productivity losses, and health services (Bauer et al.,
2016). Among all live births in the U.K. in 2013, the total cost of perinatal depression and
anxiety was approximately £6.6 billion ($10.3 billion USD), a majority of which was for child-

related costs (Bauer et al., 2016). Exposure to maternal depression is related to children’s
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impaired EFs with severe repercussions for their health, well-being, and achievement (Baker &
Kuhn, 2017; Hughes et al., 2013). As prenatal depression confers risk for postpartum and
postnatal depression (Field, 2011; O'Hara & McCabe, 2013), intervening early to prevent
pregnant women from developing prenatal depression may reduce impairments in their offspring,
but prenatal depression in and of itself is not a robust predictor of children’s EFs. The
malleability of children’s EFs through early childhood intervention (Diamond & Lee 2011)

encourages its integration with treatments for maternal depression in two-generation programs.
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Table 1.

39

Comparison of Fit Among Latent Class Analysis Solutions for Maternal Depressive Symptoms (N

=13,624)
Fit Statistic 2-Class 3-Class 4-Class 5-Class 6-Class
1. AIC 41,397.57 41,117.88 40,990.77 40,979.56 40,975.56
2. BIC 41,495.33 41,268.27 41,193.80 41,235.23 41,283.86
3. Entropy .79 .70 73 78 71
4. Percentage 18.1%, 5.7%,20.9%, 4.9%,7.9%, 2.6%,4.6%, 2.2%,2.4%
of Sample in 81.9% 73.4% 11.1%, 5.2%, 10.7%, 4.3%, 7.0%,
Each Class 76.1% 76.8% 16.1%,
Based on 68.1%
Posterior
Probabilities
5. Probability .87 .96 72— 91 .62 - 91 .62 —-.92 .61 — .88
of Class
Membership
6. LMR-LRT 6,694.66, 289.35, 139.02, 24.83, 17.74,
p <.001 p <.001 p <.001 p=.004 p=.175
7. BLRT -24,083.35 -20,685.79 -20,538.94 -20,468.39 -20,455.78
(7),p<.001 (7),p<.001 (7),p<.001 (7),p<.001 (7),p=.061
Note. Bold text indicates best fit indices among all possible solutions. AIC = Akaike’s

Information Criterion. BIC = Bayesian Information Criterion. LMR-LRT = Lo-Mendell-Rubin

Likelihood Ratio Test. BLRT = Bootstrap Likelihood Ratio Test.
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Table 2.

40

Executive Function Differences Between Latent Classes of Maternal Depression: Manual BCH with Imputed Covariates (N = 6,870)

Latent Classes of Maternal Depressive Symptoms

Dependent Non-Depressed Postnatal-Only Postpartum Prenatal-Only Chronic Depression
Variables n=5,867 (52.2%) n =199 (50.8%) n =128 (52.5%) n =438 (37.2%) n =238 (41.4%)
“Selective M=18.78"% M=8.87% M=8.83% M=8.44% M=8.36%
Attention” SE =0.04 SE=0.24 SE=0.27 SE=0.37 SE=0.26
Sky Search R*= 01 R*=.14 R*=.10 R?*=.03 R*= 20
VIQ(B=.11,p PE (B=-26,p VIQ (B=.48,p
<.001) =.047) <.001)
“Divided M=1759? M=17.49%> M=657° M=1753% M=751%
Attention” SE =0.06 SE=0.41 SE=0.48 SE=0.59 SE =0.45
Dual R*=.07 R*=.11 R*=.09 R*=.06 R*=.11
Attention  Sex (B=-.13,p VIQ(B=.33,p VIQ(B=.35,p
<.001); VIQ (B =.009) =.005)
=.21,p<.001)
“Cognitive M=18.27% M=18.58" M=18.502° M=18.122b¢ M=17.74¢
Inhibition” SE=0.03 SE=0.13 SE=0.14 SE=0.20 SE=0.24
Opposite R>=.06 R?>=.06 R?=.11 R*= 14 R*=33
Worlds VIQ(B=.25p PE(B=-34,p VIQ (B=.61,p
<.001) =.031); Income (B =.001)
=.36, p=.020)

Note. Means in a row not sharing a common super-scripted letter differ at p <.05. Only significant covariates are shown. Latent

class sizes based on most likely membership. Percentages next to latent class sizes reflect percentages of replicated classes in

sensitivity analyses with the full LCA sample. VIQ = Verbal 1Q. PE = Parental Education. Sex coded -1 = males, 1 = females.
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Figure 1. Final Latent Class Analysis Solution for Maternal Depressive Symptoms (N = 13,624)

41

1.00
1.00 A
0.88 o
0.90 Ao
- TS~ 077 S8 0.79 0.79
0.80 0.75_ -~ Sgp—---F ...—---I—--___,
[ 4
0.77
0.70 0.64
0.61 . ’,’
0.60 = — \
\\ : : J 0.52
050 ... .'.. o aeesenettt L J
AN N 0.47 ®:%*
s # 0.42
040 \...‘ 0.38 ’I
0.28 . Q.29 )
0.30 0.24 e o ’
__--'-— "'5- S 4
- ...... - - O 21 = O 18 ,’ 0_18 0.20
0.20 0.14  .ees” BE oo ~NN— e — — —
o S /
0.10 0.03 0.04 0.02 RN 00’ 0.02 0.03
A o m= s am oo = s A= ¢ = - o . A= ¢ o= o o NN (= o = o = A om o o= o mm oo - A
0.00 $76.01
4.5m prenatal 8m prenatal 2m postpartum  8m postpartum  21m postnatal 33m postnatal
--@-- Postpartum Depression Class (2.6%) - <= Postnatal-Only Depression Class (5.2%)
—m=— Chronic Depression Class (4.6%) =4 -Non-Depressed Class (76.8%)
—e& -Prenatal-Only Depression Class (10.7%)
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Supplemental Table 1.

Descriptive Statistics and Intercorrelations of Study Variables

42

Variable 1 2 3 4 5 6
1.EPDS4.5m g —

2.EPDS 8m g .64 —

3. EPDS 2m .53 .58 —

4. EPDS 8m .50 55 .61 —

5.EPDS 21m 49 52 .56 .61 —

6. EPDS 33m 47 .50 52 58 .62 —
M 6.98 7.07 6.06 541 5.72 6.26
SD 4.87 5.08 4.79 4.68 4.79 5.04
N 11,995 11,949 11,570 11,179 10,277 9,476
Variable 7. 8. 9. 10. 11. 12.
7. Family Income —

8. Parent Education .38 —

9. Verbal 1Q 28 27 —

10. Selective Attention .04 .04 14 —

11. Divided Attention .10 .08 24 .05 —

12. Cognitive Inhibition A1 .05 26 23 22 —
M 3.58 8.12 107.20 8.75 7.58 18.26
SD 1.16 4.08 16.75 2.38 3.79 1.68
N 10,449 6,881 6,947 6,865 6,634 6,772

Note. All correlation coefficients are statistically significant (p <.01). EPDS = Edinburgh

Postnatal Depression Scores. m = month. g = gestation (prenatal).
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Supplemental Table 2.

Executive Function and Childhood Covariate Differences Between Latent Classes: Automatic BCH Method (N = 13,624)

Latent Classes of Maternal Depressive Symptoms

Dependent Variables Non-Depressed Postnatal-Only Postpartum Prenatal-Only Chronic Depression
n=11,234 n =392 n =244 n=1179 n=575

“Selective Attention” M =8.79 M =8.69 M =8.80 M =8.49 M =8.33
Sky Search SE =0.04 SE =0.24 SE =0.27 SE =0.26 SE =0.24
Overall test: x%(4) =
8.20, p = .084
“Divided Attention” M =7.67 M =7.46 M =6.49 M =6.97 M =770
Dual Attention SE = 0.06 SE =0.40 SE =0.47 SE =0.43 SE =0.41
Overall test: x%(4) = Non-Depressed >
1152, p=.021 Postpartum, p

=.014.
“Cognitive Inhibition” M =18.29 M =18.50 M =18.49 M=17.79 M =17.82
Opposite Worlds SE =0.02 SE =0.15 SE =0.16 SE =0.19 SE =0.22
Overall test: x%(4) = Non-Depressed > Postnatal-Only > Postpartum > Prenatal-Only < Chronic Depression
16.64, p =.002 Chronic Depression, Prenatal-Only, p Chronic Depression, Postpartum, < Postnatal-Only,

p =.031, Prenatal- =.012. p=.023. p =.008. p=.011.

Only, p =.012.
Family Income M =3.73 M =3.06 M=341 M =297 M =292
(weekly average) SE =0.01 SE =0.09 SE=0.11 SE =0.10 SE =0.09
Overall test: x%(4) = Non-Depressed > Postpartum >
325.08, p <.001. Postnatal-Only, p Postnatal-Only, p

<.001, Postpartum, =.015, Prenatal-

p =.005, Prenatal- Only, p =.006,

Only, p <.001, Chronic, p =.003.

Chronic, p <.001.
Parent Education M=18.24 M =8.23 M=7.94 M=721 M=16.78
(highest attainment SE = 0.06 SE =0.39 SE = 0.45 SE = 0.46 SE =0.44

level of either parent)
Overall test: x%(4) =
27.74, p <.001.

Non-Depressed >
Prenatal-Only, p
=.029, Chronic, p

Postnatal-Only >

Chronic, p =.015.
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=.001.
Child Biological Sex M =-0.04 M =-0.08 M =0.09 M =0.00 M =-0.10
(1 = male, 2 = female) SE =0.01 SE =0.09 SE =0.09 SE =0.05 SE = 0.06
Overall test: ¥%(4) =
2.83, p = .586.
Child Verbal 1Q M = 108.01 M = 106.76 M = 103.76 M =100.19 M = 105.59
Overall test: x%(4) = SE=0.24 SE =1.77 SE=1.98 SE=1.73 SE=1.83
42.48, p < .001. Non-Depressed > Postnatal-Only >
Postpartum, p Prenatal-Only, p
=.034, Prenatal- =.023.
Only, p <.001.

Note. Bold text indicates significant mean differences between latent classes. Latent class sizes based on most likely membership.

Loglikelihood = -20,455.78. Bayesian information criterion = 41,235.23. Entropy = .78.
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Supplemental Appendix

Among the LCA sample, 12,174 mothers (89.4%) reported their depressive symptoms at
4.5 months gestation, 12,044 mothers (88.4%) reported symptoms at 8 months gestation, 11,690
mothers (85.8%) reported symptoms when children were 2 months old, 11,179 mothers (82.1%)
reported symptoms at 8 months old, 10,277 mothers (75.4%) reported symptoms at 21 months
old, and 9,563 mothers (70.2%) reported symptoms at 33 months old. Mothers missing
depression data at 4.5 months gestation reported lower weekly family income (M = 3.26, SD =
1.31) than mothers with these data (M = 3.61, SD = 1.14), #(1059.79) = 7.85, p <.001. Mothers
missing depression data at 8 months gestation reported lower weekly family income (missing M
=3.09, SD = 1.32; not missing M = 3.61, SD =1.14), 1(717.36) = 9.78, p < .001, parent education
(missing M =7.41, SD = 4.15; not missing M = 8.15, SD = 4.07), 1(6879) = 3.16, p = .002, and
their children had lower verbal 1Q scores (missing M = 103.18, SD = 16.86; not missing M =
107.42, SD = 16.72), t(6945) = 4.67, p < .001.

Mothers missing depression data at 2 months old reported lower weekly family income
(missing M =2.95, SD = 1.31; not missing M = 3.62, SD = 1.14), 1(638.86) = 12.02, p < .001,
parent education (missing M = 7.52, SD = 4.00; not missing M = 8.14, SD = 4.08), 1(6879) =
2.31, p=.021, and their children had lower verbal IQ (missing M = 102.59, SD = 16.37; not
missing M = 107.43, SD = 16.74), 1(6945) = 5.09, p <.001, Dual Attention (missing M = 6.79,
SD =4.02; not missing M = 7.61, SD =3.77), 1(331.52) = 3.50, p <.001, and Opposite World
scores (missing M = 17.83, SD = 2.15; not missing M = 18.28, SD = 1.65), #(335.67) =3.67,p
<.001.

Mothers missing depression data at 8 months old reported lower weekly family income

(missing M = 3.05, SD = 1.31; not missing M = 3.62, SD = 1.14), (774.43) = 11.08, p <.001,
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parent education (missing M = 7.33, SD =4.01; not missing M = 8.15, SD = 4.08), #(6879) =
3.37, p <.001, and their children had lower verbal IQ (missing M = 102.74, SD = 16.32; not
missing M = 107.49, SD = 16.74), 1(6945) = 5.63, p < .001, Dual Attention (missing M = 6.84,
SD = 3.94; not missing M = 7.62, SD = 3.78), 1(447.31) = 3.86, p < .001, and Opposite World
scores (missing M = 17.95, SD = 2.09; not missing M = 18.28, SD = 1.64), #(448.04) =3.19, p
=.002.

Mothers missing depression data at 21 months old reported lower weekly family income
(missing M =3.19, SD = 1.29; not missing M = 3.62, SD = 1.14), #(1208.73) = 10.40, p < .001,
parent education (missing M = 7.33, SD = 4.09; not missing M = 8.17, SD = 4.07), t(6879) =
4.20, p <.001, and their children had lower verbal IQ (missing M = 102.42, SD = 16.38; not
missing M = 107.69, SD = 16.71), 1(6945) = 7.62, p < .001, Dual Attention (missing M = 7.04,
SD =3.94; not missing M = 7.63, SD =3.77), 1(726.44) = 3.56, p < .001, and Opposite World
scores (missing M = 17.94, SD = 2.02; not missing M = 18.29, SD = 1.64), (717.61) =4.26, p
<.001.

Mothers missing depression data at 33 months old reported lower weekly family income
(missing M = 3.36, SD = 1.31; not missing M = 3.61, SD = 1.14), 1(1370.23) = 6.21, p <.001,
parent education (missing M = 7.48, SD = 4.10; not missing M = 8.17, SD = 4.07), t(6879) =
3.90, p <.001, and their children had lower verbal IQ (missing M = 103.72, SD = 16.34; not
missing M = 107.68, SD = 16.75), 1(6945) = 6.43, p <.001, Dual Attention (missing M =7.21,
SD = 3.88; not missing M = 7.63, SD =3.77), 1(1014.27) = 2.87, p = .004, and Opposite World
scores (missing M = 18.09, SD = 1.80; not missing M = 18.28, SD = 1.66), #(1017.85) =2.99, p
=.003.

Age 8 clinic data were available for only a subset of children. The most data were
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available for verbal IQ scores (n = 6,947 children, 51.0% of LCA sample, M = 107.20, SD =
16.75), Sky Search (n = 6,865, 50.4% of LCA sample, M = 8.75, SD = 2.38), Opposite Worlds (n
=6,772, 49.7% of LCA sample, M = 18.26, SD = 1.68), and then Dual Attention scores (n =
6,634, 48.7% of LCA sample, M = 7.58, SD = 3.79). Children missing verbal IQ data had lower
weekly family income (missing M = 3.23, SD = 1.25; not missing M = 3.79, SD = 1.05),
#(7126.76) = 23.41, p <.001, parent education (missing M = 7.50, SD = 4.12; not missing M =
8.30, SD =4.05), 1(6879) = 6.82, p <.001, and Sky Search scores (missing M =7.95, SD = 2.96;
not missing M = 8.76, SD = 2.37), (6863) = 3.11, p = .002, than children with verbal 1Q data.

Compared to children with Sky Search data, children missing Sky Search data had higher
verbal 1Q scores (missing M = 109.75, SD = 15.99; not missing M = 107.14, SD = 16.76),
#6945) = -1.99, p = .046, but lower levels of parental education (missing M = 7.54, SD = 4.13;
not missing M = 8.30, SD =4.05), #(6879) = 6.56, p <.001, and weekly family income (missing
M =3.24, SD = 1.25; not missing M =3.79, SD = 1.05), (7377.64) = 22.78, p <.001.

Compared to children with Dual Attention data, children missing Dual Attention data had
higher Sky Search scores (missing M =9.41, SD = 4.31; not missing M = 8.73, SD = 2.28),
#234.51) =-2.39, p = .018, but lower parental education (missing M = 7.63, SD = 4.12; not
missing M = 8.29, SD = 4.05), #(6879) = 5.85, p <.001, weekly family income (missing M =
3.26, SD = 1.25; not missing M = 3.79, SD = 1.05), #(7925.77) = 22.71, p < .001, verbal 1Q
(missing M = 102.84, SD = 19.54; not missing M = 107.45, SD = 16.54), t(411.04) =4.51, p
<.001, and Opposite Worlds scores (missing M = 17.33, SD = 2.94; not missing M = 18.29, SD =
1.61), #209.91) =4.65, p < .001.

Compared to children with Opposite Worlds data, children missing Opposite Worlds data

had lower parental education (missing M = 7.58, SD = 4.13; not missing M = 8.29, SD = 4.05),
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#(6879) = 6.26, p <.001, and weekly family income (missing M = 3.25, SD = 1.25; not missing
M=3.79, SD = 1.05), #(7606.65) = 22.84, p < .001.

A subset of participants had childhood covariate data for parental education (n = 6,881,
50.5% of LCA sample, M = 8.12, SD = 4.08), weekly family income (n = 10,449, 76.7% of LCA
sample, M =3.58, SD = 1.16), and child sex (n = 13,552, 99.5% of LCA sample, 51.7% male).
Compared to children with parental education data, children missing education data had lower
scores for verbal IQ (missing M = 104.79, SD = 17.28; not missing M = 107.94, SD = 16.52),
#(2588.07) = 6.48, p <.001, Sky Search (missing M = 8.50, SD = 2.55; not missing M = 8.83, SD
=2.32), #(2482.18) =4.56, p <.001, Dual Attention (missing M = 7.30, SD = 3.85; not missing
M =17.66,SD =3.77), (2500.50) = 3.18, p <.001, Opposite Worlds (missing M = 18.13, SD =
1.75; not missing M = 18.30, SD = 1.65), #(2492.05) = 3.44, p < .001, and weekly family income
(missing M =3.22, SD = 1.28; not missing M = 3.78, SD = 1.04), 1(6445.03) =22.74, p < .001.

Compared to children with weekly family income data, children missing income data had
lower scores for verbal 1Q (missing M = 103.02, SD = 16.33; not missing M = 107.46, SD =
16.74), 1(6945) = 5.14, p <.001, Sky Search (missing M = 8.48, SD = 2.77; not missing M =
8.77, SD = 2.36), 1(444.94) = 2.02, p = .044, Dual Attention (missing M = 6.97, SD = 3.86; not
missing M = 7.61, SD = 3.78), #6632) = 3.25, p = .001, and Opposite Worlds (missing M =
17.93, SD = 2.06; not missing M = 18.28, SD = 1.65), 1(431.83) = 3.32, p <.001.

We found sex differences for age 8 assessment scores of verbal 1Q, #(6890.43) =2.66, p
=.008, Sky Search, #6863) = 2.28, p =.023, Dual Attention, #(6394.05) = 10.12, p <.001, and
Opposite Worlds, #6770) = 2.11, p = .035. Males (verbal 1Q M = 107.74, SD = 17.44; Sky
Search M = 8.82, SD = 2.50; Dual Attention M = 8.04, SD = 4.10; Opposite Worlds M = 18.30,

SD = 1.65) scored higher than females on all tasks (verbal 1Q M = 106.67, SD = 16.01; Sky
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Search M = 8.68, SD = 2.26; Dual Attention M =7.11, SD = 3.39; Opposite Worlds M = 18.22,
SD = 1.70). We included weekly family income, parental education, child sex, and verbal IQ as
covariates in predictive models to account for their associations with nonrandom missing data

and attrition.





