Contextual Influences on Youth Socioemotional and Corticolimbic Development

by

Arianna M. S. Gard

A dissertation submitted in partial fulfillment
of the requirement for the degree of
Doctor of Philosophy
(Psychology)
in the University of Michigan
2019

Doctoral Committee:

Associate Professor Luke W. Hyde, Chair
Professor Vonnie C. McLoyd

Research Assistant Professor Colter Mitchell
Professor Christopher S. Monk

Associate Professor Chandra S. Sripada



Arianna M. S. Gard
arigard@umich.edu

ORCID iD: 0000-0001-5770-8972

© Arianna M. S. Gard 2019



DEDICATION

To my father, Robert Gard, and grandmother, Jean Scott. Thank you for raising me to be curious,

authentic, and tenacious.



ACKNOWLEDGMENTS

There are many people that helped me complete this dissertation. Most importantly, thank
you to everyone in my social support network. Completing a dissertation and persisting through
graduate school is a marathon, and | would not be at the finish line without your encouragement,
wise words, and humor. This includes my 2013 Developmental Cohort — particularly Dr. Tyler
Hein, Dr. Jasmine Manalel, and Amira Halawah. Thank you to all of my colleagues and friends
in the Biodemography Lab — especially Dr. Erin Ware and Dr. Lauren Schmitz. | want to
acknowledge all current and past members of the MiND Lab, particularly Dr. Rebecca Waller
and Dr. Laura Murray, for helping me develop as a scientist and acting as a sounding board
during times of stress. Thank you to my family — my godparents Jill Alfano and Tom Gray are
my biggest cheerleaders and have guided me through intense personal and professional
challenges. | would not be here without the support of mom, Stacy Scott, my sister Gianna
Ciaccio, my uncle, Dean Scott, my best friend, Ashley Baskin, and my life partner who | adore
and who inspires me to think deeply about the world, Ariel Binder.

I would like to thank my advisor, Dr. Luke Hyde, for his steadfast and sound mentorship.
I cannot thank you enough for your support of my professional and personal growth over the last
six years. | am continually inspired by the breadth of your knowledge, ambitious approach to
research, and the seamless way in which you weave together developmental science and clinical
research.

To the other members of my committee — Dr. Vonnie McLoyd, Dr. Christopher Monk,

Dr. Colter Mitchell, and Dr. Chandra Sripada — thank you for your enthusiastic support. Dr.



Mcloyd, thank you for helping me think about inequality and the heterogeneity in people’s lived
experiences. Your groundbreaking research over the last few decades is an inspiration, and | feel
humbled to collaborate with you. Dr. Monk — thank you for teaching me to think critically about
developmental neuroscience and for making my research possible through the use of the SAND
dataset. There is no doubt in my mind that a successful career as a young scholar is made
possible through access to such unparalleled data. Dr. Mitchell — thank you for your consistent
support of my interdisciplinary training, financially and professionally, and for being honest
about the challenges of this type of research career. Dr. Sripada — thank you for reading my [very
long] dissertation and providing helpful comments and suggestions. I look forward to future
collaborations.

Lastly, | would like to thank the University of Michigan Rackham Graduate School and
the Department of Psychology for funding my graduate studies. | am grateful for the ability to

think about science every day without worrying about how to survive financially.



DEDICATION

TABLE OF CONTENTS

ACKNOWLEDGMENTS .iiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieciiceieciececacsacnees

LIST OF TABLES «acuiiiiiiiiiiiiiiiiiiiiiiiiiiiin e cecceeneae

LIST OF FIGURES ...ctiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiitieciecneiasecncenes

ABSTRACT ...

CHAPTER

I. Introduction ..

1. Evaluation of
Cohort ...........

a Longitudinal Family Stress Model in a Population-Based

I11. Prospective Longitudinal Effects of Harsh Parenting on Corticolimbic
Function during AJOIESCENCE ueeeeeeerenrenteeeeeenecrensencescnsensencescnsensansnnns

IV. Age and Puberty Effects on Amygdala-Prefrontal Connectivity during Face

Processing .......

V. GENEIAl DISCUSSION tuuureeeeteeeeerenesseeeeessnnsssssecsssssssssscccsssssssssssssnns

APPENDIX ....

Vi

vii

viii

13

47

80

115

126

127



LIST OF TABLES

Table 2.1: Zero-order correlations between variables included in the Family Stress
Voo [T I (@ 1T o1 (=] o I ) N
Table 2.2: Indirect effects linking socioeconomic disadvantage at childbirth to youth
socioemotional outcomes at age 9 (Chapter 1) veeeveeeiiiieiieeniinieeiiesienreecescnsnns
Supplemental Table 2.1: Degree of missing data across all variables (Chapter I1)
Table 3.1: Faces task participant drop out (Chapter ) c.cceeeeieiieiiiiniiniiereecnecnnn
Table 3.2: Initial levels and changes in harsh parenting across childhood predict
corticolimbic activation and connectivity during angry face processing (Chapter

Table 4.1: Faces task participant drop out (Chapter IV) cceieeeveeeiieiieiiecniiiincennn
Table 4.2: Target neural regions exhibiting greater positive connectivity during face
versus shapes stimuli processing (Chapter V) c.viveeeeeeiieiieeiieniietiecneenssnsescnsnne
Table 4.3: Target neural regions exhibiting greater negative connectivity during face
versus shapes stimuli processing (Chapter IV) c.vieeeeeeeiieiiereieniietiecnecnssnsescesnne
Table 4.4: Age effects on condition-specific amygdala-PFC connectivity during face
processing in the total sample (Chapter IV) ceeeiiiiiiiiieiiieniiniieiiieienteesscnsnns
Table 4.5: Pubertal development effects on condition-specific amygdala-PFC

connectivity during face processing, for boys and girls separately .....cceeeeeieeeecnnn

Vi

39
40

45
74

75

105

106

107

108

109



LIST OF FIGURES

Figure 2.1: Conceptual Model (Chapter 1) eceeeeeieeeeeeiiiiecieenienreeceecsensencennnn.
Figure 2.2: Path model testing the longitudinal Family Stress Model (Chapter I1) ......
Figure 2.3: Path model testing the longitudinal change Family Stress Model (Chapter

)
Figure 2.4: Moderation of the Family Stress Model by race and ethnicity (Chapter I1)

Supplemental Figure 2.1: Confirmatory factor analysis of maternal distress at ages 1
ANd 3 (ChaPLer T1) ceuieiieiieieiinienieeeetenteeseesnssnssssessessnsossssnsonssssssnssnssssessns
Figure 3.1: Implicit emotional faces matching paradigm (Chapter 1) ...ceceeninenenn.
Figure 3.2: Latent growth curve model of harsh parenting across childhood (Chapter
LID) eeieieieieieeeeneneeretetetereretereseseesssesssssssesnsnsnsnsnsnsnsnsnsnsnsnsnsssnsnsssssnssses
Figure 3.3: Initials levels and increases in harsh parenting across childhood are
associated with lesser corticolimbic activation during angry face processing (Chapter
I
Figure 3.4: High initial levels and increases in harsh parenting across childhood are
associated with more positive left amygdala-left prefrontal cortex connectivity during
angry face processing (Chapter ) cueeeeeeeeiieiiieereiiiiiieeeecneencenceecscnsencscnss
Figure 4.1: Associations between age and pubertal development in the current
sample by gender (Chapter 1V) cuieeeeeeiieiieiieiieiiiinciaceeeneentencescnsensescescnsansesnns
Figure 4.2: Implicit emotional faces matching fMRI task (Chapter IV) ..ccceeeeeeninnnn.
Figure 4.3: Basolateral, centromedial, and superficial amygdala subregions (Chapter
Y
Figure 4.4: Age effects on amygdala-PFC connectivity during fear versus shapes
processing in the total sample (Chapter IV) cueeeiieiieiiiiiiieiieeiiiiieiierersntenceecnsnn
Figure 4.5: Pubertal development effects on amygdala-PFC connectivity during fear
versus shapes processing, in girls and boys separately (Chapter IV) c..eeveeieiiniiennnns

vii

41
42

43

44

46
76

77

78

79

110
111

112

113

114



ABSTRACT

The formation of adaptive socioemotional skills is a key developmental competency in
childhood and such behaviors are supported, in part, by neural function within the corticolimbic
system. Multiple features of the social context (e.g., harsh parenting) and individual-level
markers of maturation (e.g., pubertal development) are robust predictors of youth socioemotional
outcomes, but several gaps in the literature remain. However, more research is needed to
investigate the timing and specificity of contextual and maturation effects on youth
socioemotional and corticolimbic development, using population-based studies that allow for
generalization of the results to a broader population. This three study dissertation integrates
research on socioeconomic disadvantage, neural correlates of emotion processing, and
internalizing and externalizing behaviors in childhood in service of these goals. Study 1 tests a
longitudinal Family Stress Model using prospectively-collected data from a population-based
nationwide study of children followed from birth through age 9, with an oversample of
disadvantaged families. Study 2 builds on the results of Study 1 by examining the influence of
initial levels and changes in harsh parenting across childhood on corticolimbic function during
adolescence. Finally, Study 3 evaluates the effects of age and puberty on amygdala-prefrontal
connectivity during face processing, using a large cross-sectional population-based sample of
twins from Southeast Michigan. The general discussion chapter of this dissertation highlights
theoretical and empirical considerations for this research, as well as outlines several future

directions.
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CHAPTERI
Introduction
One marker of successful development through childhood is the formation of adaptive

socioemotional skills, including emotion regulation, impulse control, and interpersonal
competencies (Cole, Hall, & Hajal, 2008; Neuhaus & Beauchaine, 2013). By contrast,
psychopathology that emerges in childhood, including internalizing (e.g., anxiety, depression)
and externalizing (e.g., aggression, rule-breaking) behaviors, shapes the development of mental
health into adulthood through transactional processes between the individual and the
environment that unfold over time (Masten & Cicchetti, 2010; Sroufe & Rutter, 1984). Such
forms of psychopathology are associated with poorer health, wealth, and wellbeing across the
lifespan (Masten & Cicchetti, 2010; Moffitt, 2018; Scott et al., 2011; Steptoe, Deaton, & Stone,
2015). Multiple features of the social context, particularly correlates of socioeconomic
disadvantage, exert robust effects on psychopathology (Duncan, Ziol-Guest, & Kalil, 2010;
McLoyd, 1998). Alterations in brain function is one plausible mechanism of these associations
(Bruce S. McEwen, 2012; Shonkoff et al., 2012). To improve treatment and prevention efforts
for the development of youth psychopathology, more research is needed to understand how and
when the social context predicts the emergence of these behaviors. The current dissertation
integrates research on socioeconomic disadvantage, neural correlates of emotion processing, and
internalizing and externalizing behaviors in childhood in service of this goal.

Theoretical Frameworks



This dissertation uses several theoretical frameworks to explore how and when
socioeconomic disadvantage impacts youth brain and behavioral development. Bronfenbrenner’s
Bioecological Model of Human Development (Bronfenbrenner & Morris, 2007) posits that
proximal contexts within and across multiple nested systems are the primary predictors of child
development, from the microsystem (e.g., families) to the macrosystem (e.g., cultural values).
Developmental stage and person characteristics further moderate the effects of contexts on youth
outcomes. For example, infants and young children (i.e., birth to 5 years) are physically and
emotionally dependent on their caregivers for survival (M. D. S. Ainsworth, Bell, & Stayton,
1974; Bowlby, 2008). Caregivers can exert relatively more control over young children than
adolescents, who possess greater physical and psychosocial maturity and spend more time in
social networks outside the home (e.g., peer relationships, neighborhoods) (Bornstein, 2005;
Edwards & Liu, 2005; Smetana, Campione-Barr, & Metzger, 2006). Similarly, person
characteristics such as pubertal development may moderate youth socioemotional development
at both the behavioral and biological level (Dahl, 2004). All three studies in this dissertation
examine components of Bronfenbrenner’s Bioecological Model of Human Development
(Bronfenbrenner & Morris, 2007), including the influence of proximal processes (e.g.,
parenting), developmental stage, and person characteristics, on youth socioemotional and
biological development.

A second theoretical framework that informs this dissertation is the Family Stress Model
(FSM), which highlights the centrality of parenting and the parent-child relationship within the
microsystem of the developing child (Bronfenbrenner & Morris, 2007; Conger, Conger, &
Martin, 2010). Originally informed by research linking economic stress to marital functioning

(Elder, Conger, Foster, & Ardelt, 1992), Conger and colleagues extended this model to study



how stress within the family influences socioemotional development in children (Conger et al.,
1993, 2010). The basic form of the FSM posits that: (1) economic hardship (e.g., job loss, low
income-to-needs) generates economic pressure felt by parents, defined as the psychological
experience of material hardship and food insecurity; (2) such economic pressure translates into
parent psychological distress, including maternal depression and substance use, which (3)
impacts marital and parent-child relationship quality as measured by inter-parental conflict and
parenting behaviors; finally, (4) greater marital instability and parenting characterized by high
harshness and low warmth leads to maladaptive youth emotional and behavioral problems
(Conger & Conger, 2002; Conger et al., 1993, 2010; Conger, Ge, Elder, Lorenz, & Simons,
1994; Masarik & Conger, 2017).
Parenting and the Parent-Child Relationship

The FSM places parents at the center of the associations between socioeconomic
disadvantage and youth socioemotional outcomes. Several theories of parenting (Becker,
Peterson, Luria, Shoemaker, & Hellmer, 1962; Bugental & Grusec, 2006; Darling & Steinberg,
1993; Maccoby & Martin, 1983) converge in their distinction between two primary dimensions
of parenting behaviors: warmth and harshness (also characterized as responsiveness and
demandingness; support and control). Meta-analyses indicate small to medium effects sizes of
parental harshness and warmth on youth internalizing (e.g., anxiety, depression) and
externalizing (e.g., conduct problems) behaviors that vary by the dimension of parenting
behavior and child outcome examined. For example, larger effects of negative dimensions of
parenting (e.g., control, rejection) have been reported for childhood depression symptoms
(McLeod, Weisz, & Wood, 2007), than for childhood anxiety symptoms (McLeod, Wood, &

Weisz, 2007). Hoeve et al., (2009) also reported larger effect sizes of parent psychological



control than parental support (e.g., affection, involvement) on youth antisocial behavior. Thus,
multiple dimensions of parenting behaviors, including harshness and warmth, are relevant
predictors of youth socioemotional development.

Development of parenting behaviors. Although parenting behaviors change over time
as function of contextual demands (Belsky, 1984; McLoyd, 1998), the parent-child relationship
is first formed during the early postnatal years. Attachment theorists highlight the importance of
an attachment bond between the caregiver and the infant (M. D. S. Ainsworth et al., 1974;
Bowlby, 1982). Physically dependent on their caregivers for survival, infants act to maintain
proximity to their caregivers (e.g., crying to elicit caregiver attention) (Ainsworth, 1979). When
such infant attachment behaviors are met with parenting behaviors that encourage (e.g., warmth)
or discourage (e.g., hostility) affiliation, the child’s expectations of the physical environment and
attachment figures are represented into “working models” that shape interpersonal functioning
across the lifespan (Bowlby, 1982, 2008; Bretherton & Munholland, 2008; De Wolff & Van
IJzendoorn, 1997; Waters, Merrick, Treboux, Crowell, & Albersheim, 2000). Social learning
theorists also emphasize the importance of the parent-child relationship in the early childhood
period, where youth antisocial behavior results from coercive parent-child interactions (Bugental
& Grusec, 2006; Patterson, 1982; Shaw & Bell, 1993).

Parental warmth and harshness change across childhood in ways that mirror the
developmental competencies of each developmental stage. Several investigations in community
samples (Dallaire & Weinraub, 2005; Lipscomb et al., 2011) have reported increases in
overreactive and harsh parenting from infancy (6 to 9 months) through toddlerhood and early
childhood (2 to 5 years). These increases in parental control are thought to parallel developing

child mobility and normative increases in emotionality starting around age 2 (Shaw & Bell,



1993). Warmth has also been shown to remain stable between ages 1 and 2 (Verhoeven, Junger,
Aken, Dekovic, & Aken, 2007), but decrease overall from 6 months to 6 years (Dallaire &
Weinraub, 2005). As children move into middle childhood (5 to 12 years), new developmental
challenges associated with starting school (e.g., self-regulation, academic skills, social
interaction with peers) further alter the parent-child relationship and requisite parenting
behaviors (Collins, Madsen, & Susman-Stillman, 2005). Affective expression often decreases
during middle childhood, where both children and parents both show less overt affection and
negative behaviors (e.g., coercion, emotional outbursts) (Collins et al., 2005; Forehand & Jones,
2002; Shanahan, McHale, Crouter, & Osgood, 2007). In adolescence, when youth begin to spend
more time with peers and less time with parents (Smetana et al., 2006), parental warmth has been
shown to decrease (Barber, Maughan, & Olsen, 2005) or remain stable (Shanahan, McHale,
Crouter, et al., 2007), while psychological control has been shown to increase as adolescents
seek greater independence from parents (Barber et al., 2005).
Biological Mechanisms of Context Effects on Youth Socioemotional Outcomes

Efforts to understand how the social context, including the parent-child relationship,
impact youth socioemotional outcomes have explored whether brain function is a biological
mechanism of these pathways. Broadly, the brain processes stress (both positive and negative
forms) by coordinating physiological processes that result in behavioral change (Bruce S.
McEwen, 2009). Exposure to stressful contexts results in physiological stress responses (e.g.,
activation of the hypothalamic-pituitary-adrenocortical axis, which results in the release of
cortisol in humans) that are adaptive in the short term (e.g., aid the individual in responding to a

threat), but may be maladaptive in the long-term (e.g., hypervigilance to relatively innocuous



stimuli, repeated exposure to circulating stress hormones) (Gunnar & Quevedo, 2007; Bruce S.
McEwen, 2012).

The hypothesis that the brain mediates the effects contextual stress on behavioral
outcomes sources from research in animal models. Early work by Meaney and colleagues
showed that variations in maternal licking and grooming in rat pups was associated in
concomitant changes in physiological stress responses that were mediated by transcription of
genes encoding such stress hormones and their receptors within the brain (Kaffman & Meaney,
2007). Moreover, multiple studies in rats have shown that exposure to varying levels of maternal
licking and grooming behavior during the early postnatal period are associated with changes in
stress hormone signaling efficiency in the brain that persists into adulthood and is associated
with anxiety-like behavior (e.g., Liu et al., 1997; Weaver, 2007).

Translation work in humans has begun to parallel these findings in animal models, with
much of this research operationalizing contextual stress as childhood maltreatment. For example,
McGowan et al., (2009) showed that relative to non-abused suicide victims, suicide victims with
a history of childhood maltreatment showed lower transcriptional expression of the
glucocorticoid gene (which is associate with greater physiological stress reactivity) within the
hippocampus. In another example, childhood physical abuse was associated with greater
physiological reactivity to a stressor and alterations in associated neural regions (Banihashemi,
Sheu, Midei, & Gianaros, 2015).

The Corticolimbic System. The corticolimbic system is one candidate brain network
through which stressful contexts may impact youth socioemotional development. Neural regions
within this system broadly support emotion processing (Benes, 2010; Ahmad R. Hariri, 2015).

Animal and human studies show that brain regions within this system, including the amygdala,



medial prefrontal cortex (mPFC), and the anterior cingulate cortex (ACC), are structurally and
functionally connected to one another (Di, Huang, & Biswal, 2017; Roy et al., 2009; Saygin et
al., 2015; Whalen & Phelps, 2009) and are activated during tasks that present emotional facial
expressions (Fusar-Poli, Placentino, Carletti, Landi, & Abbamonte, 2009).

Given its critical role in emotion processing, salience detection, and fear learning
(LeDoux, 2000), the amygdala forms the “hub” of the corticolimbic region. Neurons within the
amygdala, specifically the basolateral (BL) and superficial (SF) subregions, integrate information
about the external environment from sensory cortices and the olfactory bulb with contextual
information from the hippocampus (Hariri, 2015; Heimer & Van Hoesen, 2006; LeDoux, 2000;
Price, 2003). This information is then relayed through intercalated cells to the centromedial
amygdala subdivision (CM), which sends efferent projections to other subcortical (e.g.,
hypothalamus) and cortical (e.g., PFC) regions to stimulate behavioral responses (e.g., activation
of the stress response, attention allocation) (LeDoux, 2000; Whalen & Phelps, 2009).

Amygdala reactivity has been studied extensively in response to emotional facial
expressions that signal threat (i.e., anger) and distress (i.e., fear) (Ekman & Friesen, 1976; Oatley
& Johnson-Laird, 1987; Whalen & Phelps, 2009). Greater amygdala reactivity to threatening
facial expressions has been associated with dysregulated cortisol signaling (Henckens et al.,
2016; Veer et al., 2011, 2012), and multiple forms of psychopathology including externalizing
behaviors (Coccaro, McCloskey, Fitzgerald, & Phan, 2007; Hyde, Shaw, & Hariri, 2013; Marsh
& Blair, 2008) and internalizing behaviors (Etkin & Wager, 2007; Kim et al., 2011; Monk,
2008). Moreover, childhood maltreatment has also been associated with greater amygdala

reactivity to threatening facial expressions (for a meta-analysis see Hein & Monk, 2017), with



some investigations showing similar patterns in adults exposed to more normative variations in
childhood stress (e.g., harsh parenting, family conflict) (Burghy et al., 2012; Gard et al., 2017a).

Regions of the PFC are also critical for function of the corticolimbic circuit (Benes, 2010;
Ahmad R. Hariri, 2015). The medial PFC (mPFC), which includes the anterior cingulate cortex
(ACC), is involved in attention and emotion (Fuster, 2001; Price, 1999). Dense structural and
functional connections link the amygdala to the ventro-medial PFC (vmPFC) (Whalen & Phelps,
2009), and human patients with vmPFC lesions exhibit greater amygdala reactivity to threatening
emotional facial expressions than healthy controls (Motzkin, Philippi, Wolf, Baskaya, &
Koenigs, 2015). Thus, bi-directional connections between the amygdala and mPFC reflect
bottom-up processing of salient features in the environment by the amygdala with top down
attentional control by prefrontal cortices (Kim et al., 2011).

Though seminal work linking amygdala function to psychopathology has been critical to
our understanding of biological risk factors for and correlates of psychopathology, complex
socioemotional behaviors are thought to result from interactions between neural regions (Menon,
2011, Sporns, Chialvo, Kaiser, & Hilgetag, 2004; Woo, Chang, Lindquist, & Wager, 2017).
Indeed, amygdala-PFC connectivity during the processing of angry, fearful, and ambiguous
neutral faces has been associated with internalizing disorders (e.g., Etkin, Prater, Hoeft, Menon,
& Schatzberg, 2010; Gard et al., 2018; Kim et al., 2011). Yet despite increased interest in
studying functional connectivity within the corticolimbic system as it relates to psychopathology,
more research is needed to explore the associations between contextual stress and amygdala-PFC
functional connectivity during emotion processing.

Individual-level contributors to corticolimbic function



Beyond highlighting how contextual stress and psychopathology are associated with
corticolimbic function, it is important to understand how normative developmental processes
impact amygdala and PFC reactivity and connectivity. Age and pubertal development are two
maturational processes that have been studied independently in relation to emotion processing
within the corticolimbic system. However, though correlated, chronological age and puberty
capture different aspects of maturation (Dahl, 2004; Dorn, Dahl, Woodward, & Biro, 2006).
Pubertal development, which is associated with social, biological, and physical changes, is
specifically thought to impact affective outcomes — emotion, motivation, arousal, and reward
processes (Dahl, 2004). Age impacts such affective processes but is also correlated with changes
in environmental contexts that shape youth exposure to social stimuli (e.g., entering school in
middle childhood) (Baltes & Smith, 2004). Yet few studies have tested whether chronological
age and pubertal development exert unique effects on corticolimbic function during emotion
processing. Moreover, though pubertal development is oftentimes studied within the adolescent
period, pubertal development can start as young as age six with the onset of adrenarche, when
adrenal androgens begin to rise but physical signs of puberty have not yet started (Dorn et al.,
2006). Gonadarche, which overlaps with adrenarche, is characterized the maturation of primary
and secondary sexual characteristics (e.g., in girls, ovaries, breast development); this phase of
pubertal development is what is most often typified as “puberty” (Dorn et al., 2006). Therefore,
identifying unique effects of age and puberty on corticolimbic function will require large
samples from diverse populations where these two constructs are not perfectly correlated (e.g.,
same-age participants who are at different pubertal developmental stages) (Garcia & Scherf,
2015a).

Population-Based Studies in Neuroscience and Psychology



Population-based studies that are well-sampled to represent a population of interest and
capture sociodemographic (e.g., race and ethnicity, income) diversity are critical for generalizing
any research finding. Despite widespread agreement that external validity is a critical aspect of
research design, the use of population-based sampling methods within neuroscience is a
relatively new concept (Paus, 2010). Although the past several years have seen more attention
given to sampling methodology in neuroimaging studies (e.g., Adolescent Brain Cognitive
Development Study, Generation R Study; Garavan et al., 2018; White et al., 2013), much of the
research linking contextual stress to brain development has relied upon racially- and
economically-homogenous samples of predominantly White middle-to-upper class families (Falk
et al., 2013). A recent paper quantified the influence of sample composition on neuroimaging
results and found earlier maturation of cortical and subcortical structures when the study sample
(skewed towards White middle-to-upper class families) was weighted to be representative of the
U.S. population (LeWinn, Sheridan, Keyes, Hamilton, & McLaughlin, 2017).

One conclusion to draw from population neuroscience is the importance of defining the
target population, which should be considered along with the research question (Falk et al., 2013;
Paus, 2010). For investigations linking contextual stress to brain development, the target
population (and study sample) should represent families living in disadvantaged contexts who
are disproportionately at the greatest risk for exposure to stress and concomitant socioemotional
outcomes (Kessler et al., 2010; McLaughlin, Costello, Leblanc, Sampson, & Kessler, 2012;
McLoyd, 1998). By contrast, for investigations of normative brain maturation, the target
population should represent participants from all sociodemographic backgrounds to better
approximate a broader population (e.g., children living in the U.S.; LeWinn et al., 2017).

Specific Aims of this Dissertation

10



The purpose of this dissertation is the integrate research on contextual predictors of youth
socioemotional outcomes with neurobiological research on emotion processing. The three studies
that form this dissertation utilize studies that are well-sampled to represent a specific population
of interest (i.e., children born in large U.S. cities with an oversampling of non-marital births;
twins in Michigan with an oversample living in impoverished neighborhoods), making the
results of this dissertation more generalizable than convenience samples that are common in
developmental science research and neuroimaging (Davis-Kean & Jager, 2017; Falk et al., 2013;
Henrich, Heine, & Norenzayan, 2010).

Study 1 (Chapter 11): Evaluation of a Longitudinal Family Stress Model (FSM) in a
Population-Based Cohort
Aim 1. Evaluate a longitudinal FSM (where constructs are measured at sequential time
points) and a longitudinal change FSM (where the lagged constructs at preceding time
points are included to reflect change in each construct) in a population-representative
sample of children.
Study 2 (Chapter I11): Prospective Longitudinal Effects of Harsh Parenting on
Corticolimbic Function during Adolescence

Aim 1. Document patterns of maternal harshness across childhood in a population-based

sample.

Aim 2. Evaluate the effects of initial levels and changes in maternal harshness on

corticolimbic function during adolescence
Study 3 (Chapter 1V): Contributions of Age and Pubertal Development to Amygdala-

Prefrontal Connectivity during Face Processing

11



Aim 1. Examine associations between chronological age and perceived pubertal
development on amygdala-PFC connectivity during face processing

Aim 2. Report amygdala-PFC connectivity patterns that are unique and shared across
amygdala subregions

Aim 3. Examine whether maturation effects on amygdala-PFC connectivity during face

processing varies by the facial expression examined

12



CHAPTER I

Evaluation of a Longitudinal Family Stress Model in a Population-Based Cohort

Socioeconomic disadvantage is a potent predictor of mental and physical health problems
across childhood (Bradley & Corwyn, 2002; McLoyd, 1998) and across the life course (Duncan
et al., 2010). Much of the research on socioeconomic status (SES) and youth outcomes has been
guided by the Family Stress Model (FSM) (Conger & Conger, 2002), which posits that
socioeconomic disadvantage affects children by affecting parents. In the FSM, economic
hardships (e.g., low family income-to-needs ratio, parental job loss) predict greater economic
pressure on parents (e.g., material hardship, inability to pay bills or make ends meet). Economic
pressure, in turn, gives rise to greater emotional distress in parents (e.g., parental depression,
anxiety), who are challenged with the physical and psychological strains of economic pressure.
Greater parental distress leads to family conflict, including parenting that is high in harshness
and low in warmth, which can lead to youth internalizing (e.g., depression, anxiety) and
externalizing (e.g., aggression, rule-breaking) behaviors (Masarik & Conger, 2017). Thus, a key
feature of the FSM is the recognition that socioeconomic disadvantage taxes family processes,
including parent-child relationships, that lead to the emergence of youth psychopathology
(Conger et al., 2010; Edin & Kissane, 2010).
The Importance of the Family Stress Model in the First Decade of Life

The FSM is particularly relevant for understanding how family processes lead to youth
internalizing and externalizing problems during the first decade of life. Theories of emotional
development (Eisenberg, Cumberland, & Spinrad, 1998; Grusec, 2011) highlight the importance

13



of parents’ emotion-related socialization behaviors from infancy through middle childhood,
when children spend most of their time in the home (Shaw & Bell, 1993). Parents shape the
development of youth socioemotional competence through their own emotional expressions
(e.g., anxiety, personal distress) and their responses to child behaviors (e.g., harshness, emotional
responsivity, warmth) (Eisenberg et al., 1998). As children age into early adolescence, peer and
neighborhood influences become more salient and dampen the relative impact of family
processes on youth outcomes (Smetana et al., 2006). For example, meta-analyses show stronger
associations between maternal depression, parenting behaviors, and multiple dimensions of
youth psychopathology among younger children than adolescents (Goodman et al., 2011; Hoeve,
Dubas, Eichelsheim, van der Laan, et al., 2009). Additionally, exposure to poverty and poverty-
related sequelae (e.g., economic pressure) during early childhood is particularly predictive of
child outcomes (Walker et al., 2011), in part due to early sensitivity of the developing brain
(Shonkoff et al., 2012; N. Tottenham, 2009). Thus, the FSM can be used to understand how
socioeconomic disadvantage in early childhood leads to emergent youth psychopathology in
middle childhood via family processes that shape emotion socialization.
Generalizability of the Family Stress Model

Empirical support for the FSM has been established across a wide range of contexts
including diverse cultural backgrounds (i.e., African-American, European-American, and
Mexican-American families), family structures (i.e., two-parent and single-parent families),
urbanicity (i.e., urban and rural samples), and in populations within and outside of the U.S.
(Conger et al., 2002; Jocson & McLoyd, 2015; Kinnunen & Feldt, 2004; Linver, Brooks-Gunn,
& Kohen, 2002; Gutman, McLoyd, & Tokoyawa, 2005; Parke et al., 2004; Solantaus, Leinonen,

& Punaméki, 2004). This research highlights the important role that parents play in mediating the
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effects of socioeconomic disadvantage on children’s development and the validity of the FSM as
a family process model. However, there are several quantitative and theoretical limitations of this
work that warrant consideration (Conger et al., 2010).
Measurement of Socioeconomic Disadvantage

First, most tests of the FSM overwhelmingly rely on economic aspects of SES (i.e.,
family income) to indicate hardship (Conger et al., 2010), which may mask the complexities of
the effects of socioeconomic disadvantage on family processes. Traditional components of SES
include income, parental education, and occupational status (Bradley & Corwyn, 2002). Each
component is differentially stable across time, captures different social and economic aspects of
hardship, and has varying effects on child outcomes (Bradley & Corwyn, 2002; Conger et al.,
2010; Duncan & Magnuson, 2003). For example, whereas income is sensitive to exogenous
changes in the environment, education status is comparatively stable in adulthood (Krieger,
Williams, & Moss, 1997). Few studies have examined parental age or marital status, which
capture social capital or resources inherent to SES and may be important to the family processes
proposed by the FSM (Bradley & Corwyn, 2002). Younger mothers may have fewer social
resources than older parents (e.g., social support, relevant peer networks), and children of young
parents are rated as being more aggressive and impulsive and score lower on cognitive tests than
their peers with older mothers (Baldwin & Cain, 1980; Furstenberg Jr., Brooks-Gunn, & Chase-
Lansdale, 1989). Family structure also predicts parent and child outcomes (McLanahan &
Sandefur, 1994): married compared to single-parent households report lower levels of parent
psychological distress and more parental warmth (S. L. Brown, 2004; McLanahan & Sandefur,
1994). Previous tests of the FSM have either not included parental education, maternal age, or

marital status in their models (Gutman et al., 2005; Neppl, Senia, & Donnellan, 2016; Simons et
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al., 2016), or have specified these variables as model covariates (Newland, Crnic, Cox, Mills-
Koonce, & Family Life Project Key Investigators, 2013) or as predictors of family income
(Gershoff, Aber, Raver, & Lennon, 2007). Although several examinations of the FSM have
found consistency in the model across family structures (e.g., Conger et al., 2002; Gutman et al.,
2005), family structure itself (i.e., two-parent versus single-parent households) may proxy SES
(McLanahan & Sandefur, 1994). The present study addresses these limitations by examining the
unique contributions of multiple indicators of SES as a broad construct (e.g., maternal age,
marital status, education, income) to family processes as hypothesized by the FSM.
Longitudinal Evidence

Second, most empirical tests of the FSM are cross-sectional, with constructs (e.g.,
parental distress, parenting behaviors, and child behavioral problems) measured at the same time
point. This design limits our understanding of the direction of effects and the scale by which they
cascade across development. By contrast, longitudinal designs provide greater confidence in
directional associations, particularly when these models account for the same constructs
measured at previous time points (MacCallum & Austin, 2000; Maxwell & Cole, 2007). For
example, White, Liu, Nair, and Tein (2015) tested an adapted FSM in a longitudinal sample of
749 Mexican-origin adolescents, and included lagged FSM constructs at previous time points so
that path estimates between two constructs reflected the effect of change in the predictor variable
on the outcome variable. Results showed that mother’s perception of economic pressure
predicted increases in harsh parenting and subsequent increases in child externalizing behaviors
across middle childhood to adolescence (White et al., 2015). Few other longitudinal tests of the
FSM employ this “longitudinal change” design across all constructs in the FSM (e.g., Simons et

al., 2016 accounted for the lagged measures of youth conduct problems, but not earlier nurturant
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parenting; see Kavanaugh, Neppl, & Melby, 2018; Landers-Potts et al., 2015; Neppl, Senia, &
Donnellan, 2016, for similar examples). As the estimates of mediation effects from longitudinal
auto-regressive models are less biased than those from cross-sectional mediation models
(Maxwell & Cole, 2007), more rigorous longitudinal tests of the FSM are needed.
Population-Based Samples

A third limitation of FSM research is the lack of replication in large, population-based
surveys that include large numbers of families living in disadvantaged contexts. Population-
based studies that implement data collection and sampling strategies to recruit participants across
diverse sociodemographic groups and geographies ensure sample diversity that reflects the
population of interest (Groves et al., 2009). The issue of generalizability, stemming from the lack
of representative samples (i.e., the demographic composition of the sample does not match the
target population), plagues developmental science more broadly than tests of the FSM
specifically (Davis-Kean & Jager, 2017; Henrich et al., 2010). Although studying family
dynamics within subpopulations is critical to our understanding of diverse developmental
trajectories (Garcia Coll et al., 1996), large population-based samples can be used to validate
psychological theories and broaden the impact of findings from community-based research
(Davis-Kean & Jager, 2017).
Current Study

The current study tested the FSM longitudinally using the Fragile Families and Child
Wellbeing Study (FFCWS), a large population-based sample of families in large U.S. cities
followed from childbirth through age 9 and oversampled for nonmarital births. The FFCWS was
appropriate for an examination of the FSM for several reasons. First, the study measured

economic hardship and economic pressure at childbirth and age 1, which is a developmental
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period during which infants are particularly sensitive to the neurobehavioral effects of
environmental adversity (N. Tottenham, 2009). Second, maternal psychological distress and
parenting behaviors, which are key features of emotion socialization theory (Eisenberg et al.,
1998), were collected at sequential time points during early childhood when these constructs
have been shown to exert the largest effects on youth psychopathology (Goodman et al., 2011;
Hoeve, Dubas, Eichelsheim, van der Laan, et al., 2009). Lastly, the FFCWS collected youth
internalizing and externalizing behaviors at age 9, when children are still largely under the
influence of family processes. Moreover, psychopathology that emerges in middle childhood is
often predictive of more serious socioemotional impairments that emerge in adolescence and
continue into adulthood (Rutter, Kim-Cohen, & Maughan, 2006).

We tested both a longitudinal FSM (in which constructs were measured at sequential time
points) and a longitudinal change FSM (in which lagged constructs at preceding time points were
included to reflect change in each construct) to assess how estimates change after accounting for
construct stability. We included multiple indicators of social and economic aspects SES (i.e.,
family income to needs ratio, family structure, maternal education, and maternal age) to measure
economic hardship at childbirth (Bradley & Corwyn, 2002; Furstenberg Jr. et al., 1989;
McLanahan & Sandefur, 1994). We hypothesized that low family income-to-needs ratio, low
maternal education, young mothers’ age, and mothers’ unmarried status at childbirth would
independently predict greater youth internalizing and externalizing behaviors at age 9 via greater
economic pressure at age 1, greater maternal distress at age 3, and greater maternal harshness
and less maternal warmth at age 5. In models that accounted for the lagged constructs at
preceding time points, we hypothesized that these associations would be attenuated, but that high

harsh parenting and low maternal warmth at age 5 would continue to be significant mediators of
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the effect of socioeconomic disadvantage at childbirth on youth internalizing and externalizing
behaviors at age 9.
Method

Sample

Participants were part of the Fragile Families and Child Wellbeing Study (FFCWS), a
longitudinal cohort of 4,898 (52.4% boys) children born in 20 large U.S. cities between 1998 and
2000 (Reichman, Teitler, Garfinkel, & McLanahan, 2001). The study oversampled non-marital
births (~ 3:1) and when weighted, the sample is representative of families living in U.S. cities
with populations of 200,000 or more between 1998 and 2000 (for detailed information about

cohort retention across waves, see https://fragilefamilies.princeton.edu). At childbirth, mothers

identified as White, Non-Hispanic (N = 1,030, 21.1%), Black, Non-Hispanic (N = 2,326, 47.5%),
Hispanic (N = 1,336, 27.3%), or other (N = 194, 4.0%). Nearly 40% of the mothers reported less
than a high school education at the childbirth interview, 25.3% with a high school degree or
equivalent, 24.3% some college or technical training, and 10.7% who earned a college degree or
higher. At childbirth, 1,088 (23.9%) biological mothers were married, 1,668 (36.7%) were
cohabitating with a partner, and 1,791 (39.4%) were neither married nor cohabitating (which we
denote as “single”). Thus, the FFCWS contains substantial racial, ethnic, and socioeconomic
diversity, ensuring variation in the FSM constructs.

Biological mothers were interviewed at the time of the child’s birth and again at 1, 3, 5,
and 9 years. Telephone surveys were administered at each wave, with a subsample participating
in-home visits with trained interviewers at ages three and five. The current study included 2,918
families. We excluded 1,980 families who did not have in-home observational data either at age

three or five. Moreover, we marked data as missing at the ages 3, 5, or 9 interviews where the
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biological mother was not the respondent to prevent artifacts introduced by changing informants
across time. Note that we did not exclude these families from our analyses because in the
majority of these cases, the target child still lived with the biological mother most or all of the
time. Mothers included in present analyses identified as Non-Hispanic Black (n = 1544, 53.1%),
White Non-Hispanic (n = 541, 18.6%), Hispanic (n = 738, 25.4%), or other (n = 87, 3.0%). Most
mothers did not earn a high school degree (n = 1173, 40.3%), with roughly a quarter of the
sample earning a high school degree or equivalent (n = 753, 25.8%) or some college or a
technical degree (n = 725, 24.9%), and 9% (n = 263) with a college diploma or higher.
Consistent with the original sampling frame of the study, 78.2% (n = 2269) of the mothers were
unmarried at the birth of the target child. Compared to the full FFCWS cohort, the sample used
in the present analyses were more likely to be unmarried (x*[1] = 25.37, p <.001) and have less
education (¥’[1] = 21.54, p < .001), and included a larger proportion of Black Non-Hispanic
mothers and less White Non-Hispanic and Hispanic mothers (x*[1] = 93.88, p < .001).
Measures

Socioeconomic Disadvantage. Four indicators of socioeconomic disadvantage were
measured at childbirth: (a) family income to needs ratio was a ratio of total household income
(total income before taxes) to official U.S. Census Bureau poverty thresholds based on family
composition, where higher values indicate less poverty (M = 2.10, SD = 2.31, Min — Max =0 —
14); (b) maternal education status, coded ordinally as 1=less than a high school degree (40.3%),
2=high school or equivalent (25.8%), 3=some college or technical degree (24.9%), or 4=college
degree or more (9.0%); (c) maternal age in years (M = 24.92, SD = 5.89, Min — Max = 14 — 47);
and (d) maternal marital status dichotomized as cohabitating or single (78.2%) versus married

(21.8%). We collapsed cohabitating and single mothers into one group based on literature
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showing that children of cohabitating and single mothers differ more from children of married
mothers than from each other with regards to socioemotional outcomes (S. L. Brown, 2004).

Economic Pressure. Economic pressure was measured at age 1 (but not at childbirth)
using 12 mother-reported dichotomous (Yes/No) items about experiences in the past 12 months
(e.g., evicted, received free food/meals, telephone service disconnected, borrowed money to pay
pills) taken from the Survey of Income and Program Participation (Bauman, 1998) and the Social
Indicators Survey (Social Indicators Survey Center, Columbia University School of Social Work,
1999). Total scores ranged from 0 to 11 (M = 1.21, SD = 1.67], a = .70). Note that this construct
has also been termed ‘material hardship’, but we use the term ‘economic pressure’ to be
consistent with original conceptions of the FSM.

Maternal Distress. We created a latent factor of maternal distress at ages 1 and 3, using
diagnoses of current Major Depressive Episode (MDD), Generalized Anxiety Disorder (GAD),
and four items that measured self-reported stress from parenting from an abbreviated version of
the Parenting Stress Inventory (PSI) (Abidin, 1995). Diagnoses of MDD (Age 1: 12.9% or 358
cases; Age 3: 15.2% or 428 cases) and GAD (age 1: 3.3% or 92 cases; age 3: 5.2% or 146 cases)
were determined using criteria from the Composite International Diagnostic Interview — Short
Form (CIDI-SF) (Kessler, Andrews, Mroczek, Ustun, & Wittchen, 1998). A sum score of the
four reverse-coded items from the PSI (e.g., “Taking care of children is more work than
pleasure”), which were rated by mothers on a 4-point Likert scale (1 = strongly agree to 4 =
strongly disagree), was created at ages 1 (M =8.74, SD = 2.68, Min —Max =4 — 16, a. = .61) and
3 (M =9.06, SD = 2.66, Min — Max =4 — 16, a. = .64). By creating a latent factor of maternal
distress, we combined information from multiple overlapping but unique measures of maternal

psychological functioning, and addressed low reliability of the abbreviated scales implemented
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in the FFCWS (e.g., a < .6 for the PSI at both ages one and three). Moreover, in several
structural models of psychopathology, anxiety and depression load onto a single internalizing
factor where the shared phenotype underlying both disorders is negative affect (Krueger &
Markon, 2006). The FSM predicts that when economic pressure is high, parents are at increased
risk for emotional distress, which Conger and colleagues (2010) broadly define to include
anxiety and depression as well as alienation. Consistent with prior cross-sectional tests of the
FSM (Gershoff et al., 2007), we included parenting stress as an additional indicator of negative
affect (Deater—Deckard, 2008). Results from the confirmatory factor analysis of latent maternal
distress are presented in Supplemental Figure 2.1. To decrease overall model complexity in tests
of the FSM, we extracted the resultant factor scores for each participant at each age for
subsequent analyses.

Parenting. Maternal warmth and harshness were measured using interviewer-reported
items from the Home Observation for Measurement of the Environment (HOME) scales and the
parent-report Conflict Tactics Scale (CTS) during the home visits at ages 3 and 5 (Caldwell &
Bradley, 1984; Straus, Hamby, Finkelhor, Moore, & Runyan, 1998). Maternal warmth (e.g.,
“Parent spontaneously vocalized to child twice”) was captured as a sum of nine dichotomous
(Yes/No) items at age 3 (M =7.92, SD = 1.74, Min — Max =0 -9, a.=.79) and a sum of eight
dichotomous (Yes/No) items at age 5 (M = 6.15, SD = 2.07, Min — Max = 0 — 8, o = .80).
Maternal harsh parenting at both timepoints was captured using (a) a sum score of four
dichotomous (Yes/No) items from the HOME scales (e.g., “parent shouted at child”, “parent
expressed annoyance or hostility towards child”) (Age 3: M = .35, SD = .83, Min — Max =0 — 4,
a=.73; Age 5: M = .40, SD = .87, Min — Max = 0 — 4, a =.72), and (b) a mean score of 10

parent-reported items from the CTS, measuring both physical and psychological aggression (Age
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3:M=1.41,SD =.90, Min—Max =0-5.30, o =.76; Age 5: M = 1.46, SD = .90, Min — Max =
0-4.90, a=.77). Total scores from the HOME and CTS at each age were z-scored and added
together to create a multi-informant measure of maternal harsh parenting (Moller, Nikolic,
Majdandzi¢, & Bogels, 2016).

Child Behavior. Internalizing and externalizing behaviors at ages 5 and 9 were measured
using parent-report of an abbreviated version of the Child Behavior Checklist/6-18 (CBCL)
(Achenbach & Rescorla, 2001). Seventy-two (age 5) and 111 items (age 9) were administered to
parents, who were asked to rate child behavior from zero (Not true) to two (Very true). To
maintain consistency across both assessment periods, we only used the items that were collected
at both ages (see Appendix A). Internalizing behaviors were constructed as mean scores of items
from the anxious/depressed, withdrawn/depressed, and somatic problems subscales (Age 5 INT:
M =.20, SD =.18, Min—Max =0—1.27, a =.65; Age 9 INT: M = .22, SD = .24], Min — Max =
0 -2, a.=.87). Externalizing behaviors were constructed as mean scores of items from the
aggressive behavior and rule-breaking subscales (Age 5: M = .27, SD = .22, Min — Max =0 —
1.60, o.=.85; Age 9: M =.19, SD =.22, Min — Max =0 -2, a. = .87).

Analytic Strategy

We employed structural equation modeling in Mplus version 7.2 (Muthén & Muthén,
2006) to evaluate (1) a longitudinal FSM, with the constructs of interest measured at consecutive
ages from childbirth through age nine, and (2) a longitudinal change FSM model, which included
the lagged constructs of interest at the preceding time points from childbirth through age nine
(see Figure 2.1 for the conceptual model). We present the results of our path models using the
unweighted survey data to maintain the sociodemographic diversity of the sample that is relevant

for an examination of the FSM, and because our sample restrictions (e.g., families where
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biological mother was the primary caregiver at all waves) would not be captured by the sampling
weights.

To account for a missing data (Supplemental Table 2.1), all statistical analyses used full
information maximum likelihood (FIML) estimation. FIML uses the covariance matrix of all
available data to produce unbiased estimates and standard errors in the context of missing data
(MccCartney, Burchinal, & Bub, 2006), and has been shown to be a more powerful method of
dealing with missing data than listwise deletion or imputation (J. W. Graham, 2009). Simulation
studies indicate that FIML estimation provides unbiased estimates with greater power than
listwise deletion even when up to 50% of data are missing (Enders & Bandalos, 2001; Schafer &
Graham, 2002). Although covariance coverage was acceptable for FIML (>60% for all
variables), we included auxiliary variables at ages 3 and 5 that were predictive of missingness as
suggested by Graham (2009). At ages 3 and 5, families without observational data reported
living in less poverty (Age 3: t[4229] = 6.27, p < .001; Age 5: t[4137] = 5.96, p <.001), living in
households with less children (Age 3: t[4209] = -6.31, p <.001; Age 5: t[4113] =-5.91, p <.001)
and more adults (Age 3 only: t[4209] = 3.95, p < .01), and were more likely to be married (Age
3:9?[1]1=138.91, p<.001; Age 5: ¢*[1] = 35.47, p <.001). Thus, the number of children and
adults living in the household, family poverty ratio, and mother marital status (0 = unmarried, 1
= married) at ages 3 and 5 were included as auxiliary variables in all models. All models
included child gender (0 = girl and 1 = boy) as a covariate.

Aim 1: Longitudinal FSM. Our strategy in testing path models was to include every
possible path from predictors to outcomes (e.g., for internalizing and externalizing outcomes at
age 9, we included direct paths from all mediators including SES at childbirth), followed by

pruning of non-significant paths to improve model fit when necessary. We also modeled the
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covariance between the four SES variables at childbirth so that significant paths from any of the
SES variables to outcomes represented unique estimates over and above their shared covariance.
We considered model fit acceptable if the Root Mean Square Error of Approximation (RMSEA)
and Comparative Fit Index (CFI) met established guidelines (RMSEA < .06, and CFI > .95; Hu
& Bentler, 1999). We were particularly interested in testing indirect effects from SES at
childbirth to child internalizing and externalizing behaviors at age 9 via economic pressure at age
1, maternal distress at age 3, and maternal harsh parenting and low maternal warmth at age 5. We
employed two complementary methods of testing indirect effects in Mplus v7.2 (Muthén &
Muthén, 2006): (i) a product coefficient test (i.e., the ‘Sobel method’) to quantify the magnitude
of the indirect effect (which can be less powerful and biased, but does provide an effect size),
and (ii) unbiased confidence intervals using bootstrapping methods (i.e., 1000 draws of a Monte
Carlo simulation), which do not assume normality of the indirect effects and thus represent more
accurate and powerful tests of indirect, mediated pathways (Dearing & Hamilton, 2006).

Aim 2: Longitudinal change FSM. To test for longitudinal change (e.g., economic
pressure at age 1 predicts increases in maternal distress from age 1 to 3), we included measures
of maternal distress at age 1, parenting at age 3, and child internalizing and externalizing
behaviors at age 5 as predictors of the same constructs at subsequent time periods (see Figure 2.1
for conceptual model). We allowed constructs that were measured at the same age (e.g.,
economic pressure and maternal distress at age 1) to be correlated. A fully recursive model,
where we regressed youth socioemotional outcomes at age 9 on all lagged constructs (e.g.,
maternal distress at age 1) is not presented because model fit was worse than our hypothesized
models (i.e., higher RMSEA, and lower CFI and TLI) and these paths were non-significant

(results available upon request).
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Results

Zero-order correlations between all variables included in the FSM are displayed in Table
2.1. With a large sample size, most estimates will be significant at the p < .05 level; thus, we
focus on effect sizes. As expected, SES indicators at childbirth (i.e., family income to needs
ratio, high maternal education, maternal age, and maternal marital status [married]) were
moderately correlated (.33 < r < .51)%. Lower SES at childbirth was weakly to moderately
associated with greater economic pressure at age 1 and maternal distress at age 3 (.05 <r <.18),
and weakly to moderately associated with lower maternal warmth and higher maternal harsh
parenting at age 5 (.07 < r <.18). Lower SES at childbirth was consistently associated with
externalizing behaviors (.07 < r < .11) but not internalizing behaviors at age 9 (Table 2.1).
Longitudinal FSM

We specified a longitudinal FSM with constructs measured from childbirth through age
9. Figure 2.2 displays the results of our path analyses. Consistent with our hypotheses that
multiple indicators of SES would be relevant for the FSM, we found that family income to needs
ratio (B =-.14, p <.001) and biological mother single or cohabitating ( = .10, p <.001) at the
target child’s birth each uniquely predicted greater economic pressure at age 1. Greater economic
pressure at age 1 predicted greater maternal distress at age 3 (B = .28, p <.001) which, in turn,
predicted lower observed maternal warmth ( = -.08, p <.001) and greater maternal harshness (3
=.09, p <.01) at age 5. Low maternal warmth and high maternal harshness at age 5 each
uniquely predicted greater child externalizing but not internalizing behaviors at age 9, with the

largest effect size between harsh parenting and child externalizing behaviors (harshness: = .14,

1 One concern with including multiple indicators of socioeconomic disadvantage in the same model is high
multicollinearity, where correlations between exogenous indicators larger than .50 increase the Type Il error rate
(Grewal, Cote, & Baumgartner, 2004). As the largest correlation among sociodemographic indicators in our sample
was .51 (Table 2.1), we do not believe multicollinearity is a threat to our findings.
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p <.001; warmth: B =-.08, p <.01). There were also direct effects from economic pressure at
age 1 and maternal distress at age 3 to greater child behavioral problems at age 9 (.09 < <.12;
ps > .01); the effect sizes of these direct effects were similar to those linking parenting to child
outcomes, suggesting that contextual factors earlier in development and parenting in later
childhood may be equally important in predicting youth internalizing and externalizing behaviors
at age 9 (Figure 2.2).

In contrast to zero-order correlations, there were no direct effects of SES at childbirth on
youth externalizing behaviors at age 9; these effects operated indirectly via parenting and
economic pressure (Table 2.1). Mother marital status (single or cohabitating with a partner) and
low maternal education, but not low family income-to-needs ratio or mother age, at childbirth
predicted greater child externalizing (but not internalizing) behaviors at age 9 via lower maternal
warmth at age 5 (afis = .01, ps < .05). Younger mother age at childbirth also predicted greater
child externalizing behavior at age 9 via higher maternal harshness at age 5 (ap = .01, p <.05). In
addition to parenting, economic pressure mediated SES pathways to youth externalizing and
internalizing behaviors: mother marital status and low family income-to-needs ratio at childbirth
each predicted greater youth externalizing and internalizing behaviors at age 9 via greater
economic pressure at age 1 (Table 2.1).

Longitudinal Change FSM

Next, we tested a longitudinal change FSM, where the lagged constructs of maternal
distress, parenting, and child behaviors were included in the path analysis. Figure 2.3 shows that
after accounting for maternal distress at age 1, economic pressure at age 1 did not predict
maternal distress at age 3. However, increases in maternal distress from ages 1 to 3 predicted

decreases in maternal warmth (but not increases in maternal harshness) from ages 3 to 5 (f = -
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.08, p <.01). Moreover, changes in maternal warmth ( =-.08, p <.01) and maternal harshness
(B=.06, p <.01) from ages 3 to 5 predicted changes in child externalizing behaviors from ages 5
to 9 (i.e., greater increases in maternal warmth and decreases in maternal harshness led to greater
decreases in externalizing behaviors) (Figure 2.3).

After accounting for the lagged FSM constructs, maternal marital status (single or
cohabitating versus married) and low maternal education at childbirth continued to predict
greater increases in externalizing behaviors from ages 5 to 9 indirectly via greater decreases in
maternal warmth from ages 3 to 5 (Table 2.1). Similarly, economic pressure at age 1 continued
to mediate the effects of maternal marital status and low family income-to-needs ratio at
childbirth on youth externalizing and internalizing behaviors at age 9 (Table 2.1). The only
indirect effect that became nonsignificant after accounting for the lagged FSM constructs was
younger mother age at childbirth to youth externalizing behaviors at age 9 via maternal harshness
at age 5.

Post-hoc Analyses: Moderation by Race and Ethnicity

Income disparities by race and ethnicity (where Black Americans and Hispanic
Americans disproportionately live below the poverty line) (Semega, Fontenot, & Kollar, 2017)
and cultural differences (e.g., the role of extended family networks) suggest that some aspects of
the FSM may vary across subpopulations (Cassells & Evans, 2017), though there have been no
examinations of whether race and ethnicity moderates the FSM pathways within a longitudinal
framework. Therefore, as a post-hoc analysis where we did not have any clear hypotheses, we
took advantage of the racial and ethnic diversity in the FFCWS to examine whether any of the
“core FSM” pathways in the longitudinal FSM were significantly different among Black Non-

Hispanic families (N = 1544), White Non-Hispanic families (N = 541), and families of Hispanic
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origin (N = 738). Moderation was tested by comparing model fit (Ay?) of a freely estimated
model (i.e., every path allowed to vary across groups) to a model where one of the core FSM
paths was fixed across groups. Figure 2.4 shows the results of the longitudinal FSM freely
estimated across White Non-Hispanics, Black Non-Hispanics, and participants of Hispanic
origin. With regards to the paths from economic hardship at birth to economic pressure at age 1,
only maternal marital status at birth to economic pressure at age one was moderated by
race/ethnicity (Ay?[2] = 13.53, p <.001). Single or cohabitating mothers at birth reported greater
economic pressure at age 1, and this relation was only significant for White Non-Hispanic
families (p = .30, p <.001). The paths from economic pressure at age 1 to maternal distress at age
3, as well as maternal distress at age 3 to parenting behaviors at age 5, were not moderated by
race/ethnicity. Lastly, the paths from harsh parenting (Ay?[2] = 9.56, p < .01) and maternal
warmth (Ay?[2] = 11.68, p <.001) at age 5 to child internalizing behaviors at age 9 were
significantly moderated by race and ethnicity. Greater maternal warmth at age 5 was associated
with lesser child internalizing among Black Non-Hispanic families (B = -.09, p < .05) and White
Non-Hispanic families (B = -.16, p <.01), with no effect among Hispanic families. Similarly,
harsher parenting at age 5 was significantly associated with greater child internalizing behaviors
at age 9 among White Non-Hispanic (B = .12, p < .05) and Hispanic families only (p = .18, p <
.01). There were no significant indirect pathways from economic hardship variables at childbirth
to youth behaviors at age 9 among any of the racial and ethnic groups.
Discussion

The current paper tested a longitudinal FSM in a large, population-based sample of urban

U.S. families from childbirth through age 9 and included measures of socioeconomic

disadvantage that extended beyond economic aspects of SES. We found evidence for direct
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effects of economic pressure, maternal distress, and maternal parenting behaviors across
childhood on children’s socioemotional outcomes at age 9, as well as indirect effects of
socioeconomic disadvantage at childbirth on youth outcomes via parenting and economic
pressure. In our most rigorous model that accounted for stability in constructs over time,
maternal marital status (single or cohabitating) and low maternal education at childbirth
predicted increases in child externalizing behaviors from ages 5 to 9 via decreases in maternal
warmth from ages 3 to 5, highlighting the importance of non-economic indicators for the FSM
(Bradley & Corwyn, 2002; Duncan & Magnuson, 2003). Our results provide support for the
centrality of parenting within the FSM, while also highlighting the relevance of economic
pressure and maternal distress in pathways linking socioeconomic disadvantage to youth
socioemotional outcomes across childhood.

Although prior tests of the FSM have predominately relied on economic aspects of SES
(i.e., family income) to probe the effects of socioeconomic disadvantage on youth outcomes, our
results suggest that maternal marital status and education at childbirth are unique contributors to
the FSM. Mothers who are married oftentimes have more non-economic resources than single-
parent or cohabitating parents, including social support and lower psychological distress (S. L.
Brown, 2004; McLanahan & Sandefur, 1994). Similarly, higher maternal education confers
additional cognitive resources that can be used to strategize in times of economic distress, as well
as parent more effectively (Bradley & Corwyn, 2002). Although family income-to-needs ratio at
childbirth was associated with greater economic pressure at age 1, maternal distress at age 3, and
maternal warmth at age 5, it did not predict youth outcomes via parenting, which is in contrast to
most previous tests of the FSM (Conger et al., 2010). In supplemental analyses that did not

include maternal age or marital status at childbirth in the longitudinal FSM, the indirect effects
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from low family income-to-needs ratio at childbirth to greater youth externalizing behaviors at
age 9 via low maternal warmth and high harsh parenting at age 5 were significant (affs = .01, ps
<.01; results available upon request). This suggests that after accounting for the covariance
between family income-to-needs ratio and marital status, maternal marital status and education
may be more proximal predictors of youth externalizing behaviors within the FSM in the
FFCWS. Although the addition of non-economic indicators to the FSM may be considered a
departure from the original FSM, our results suggest that future tests of this family process
model should include indicators of socioeconomic disadvantage that extend beyond family
income.

This study also contributed to the existing FSM literature by testing both a longitudinal
model and a longitudinal change model (i.e., a cross-lagged model). When the lagged constructs
of maternal distress, parenting, and child socioemotional outcomes were added to the
longitudinal model, some path estimates became non-significant: economic pressure at age 1 was
not associated with maternal distress at age 3, and maternal distress at age 3 only predicted
maternal warmth, and not harshness, at age 5. Changes in the indirect effects were also observed:
once the lagged FSM constructs were added to the longitudinal model, maternal age at childbirth
no longer predicted youth externalizing behaviors via maternal harsh parenting. However,
because all of the indirect effects were of such small magnitude (all aps = .01), these changes
may not be meaningful. Generally, across both modeling frameworks, socioeconomic
disadvantage at childbirth appeared to have indirect effects on youth socioemotional outcomes at
age 9 via maternal parenting behaviors at age 5 and economic pressure at age 1.

Although the FSM does not strictly hypothesize differential effects of harsh and warm

parenting for youth internalizing and externalizing outcomes (Masarik & Conger, 2017), our
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results suggest otherwise. Indeed, several previous tests of the FSM measured socioemotional
competence as a latent factor that included internalizing and externalizing behaviors (e.g., Raver
et al., 2007), and parenting behaviors as a latent factor that included harsh and warm parenting
(Landers-Potts et al., 2015). Yet among the existing longitudinal models that distinguish
parenting dimensions, maternal distress has been shown to predict less sensitive but not more
harsh parenting (Newland et al., 2013), a finding we replicated in both the longitudinal and
longitudinal change FSMs. Only one previous longitudinal test of the FSM distinguished youth
socioemotional competence along internalizing and externalizing domains: White et al. (2015)
found that mothers’ perceptions of economic pressure predicted youth externalizing behaviors,
but not internalizing behaviors, via maternal harshness. The indirect effects via parenting in our
models were also specific to youth externalizing outcomes. By contrast, economic pressure at
age 1 mediated the effects of socioeconomic disadvantage at childbirth on youth externalizing
and internalizing behaviors at age 9, consistent with previous research (Hobbs & King, 2018;
Whitaker, Phillips, & Orzol, 2006; Zilanawala & Pilkauskas, 2012).

The effects of socioeconomic disadvantage at childbirth on youth socioemotional
outcomes operated through parenting and economic pressure (i.e., there were no direct effects of
family income-to-needs ratio, maternal education, marital status, or maternal age at childbirth to
youth socioemotional behaviors at age 9). Though these findings support the mediation effects
h