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ABSTRACT

Background & Specific Aims: Preterm delivery (PTD), the birth of an infant occurring

prior to 37 weeks of gestation, is one of the leading causes of infant mortality in the United
States and of significant concern for child and maternal well-being. Moreover, significant racial
and socioeconomic disparities in PTD have persisted for over 30 years. Life stressors are
hypothesized as one pathway through which PTD disparities may be influenced. Specifically,
adverse childhood experiences (ACESs), adverse life events occurring in the first 18 years of life,
are a type of life stressor with repercussions for pregnancy and reproductive health. While
foundational research has demonstrated that ACEs can negatively impact pregnancy health and
birth outcomes, few studies have 1) assessed the influence of ACEs on PTD by race and
socioeconomic status (SES) subgroups using diverse, nationally representative longitudinal
datasets 2) assessed whether specific ACEs, or co-occurring patterns of certain ACEs, exert
greater detrimental effects on PTD risk than others or 3) examined the role that potential
protective factors play to buffer against the risk of ACEs on PTD. These gaps prevent a complete
understanding of how the interplay between adverse life stressors and protective factors may
influence disparities in PTD. Acknowledging these gaps, this dissertations aims to 1) Determine
the association between specific ACEs and PTD and evaluate whether this relationship differs
across race and SES; 2) Identify subgroups of women characterized by early life patterns of
ACEs and determine the association between subgroup membership and PTD; 3) Examine the
role that potential protective factors (i.e., religiosity (R) and spirituality (S)) play in the
association between ACEs and PTD, and whether these factors operate differently by race and
SES. Methods: | used data on n=3,884 and n=3,767 women from the National Longitudinal

Study of Adolescent to Adult Health (Add Health; 1994-2018), a nationally representative study



which examines the influences on adolescent health and their development into adulthood. Data
on six ACEs (sexual, physical, and emotional abuse; neglect; family member suicide or death;
foster care placement), race, SES, R, S, and a composite variable of R and S (R/S), were
collected via self-report. | used 1) logistic regression to assess the association between specific
ACEs and PTD and 2) latent class methods to identify underlying classes based on patterns of
ACEs, assess the relationship between latent class membership and PTD, and determine whether
R, S, and R/S modified the relationship between latent class membership and PTD. Results:
There were no statistically significant associations between any of the six ACEs and PTD among
women overall. Two latent classes of ACEs were identified (high ACEs and low ACEs) but
neither were associated with PTD. While R, S, and R/S modified the association between latent
class membership and PTD, these factors were not protective against PTD amongst women in
the high ACEs class. Finally, race and SES did not play an overall significant role in the
relationships between ACEs, PTD, R, S, and R/S. Conclusion: This body of work suggests that
ACEs may not impact PTD in hypothesized ways in this sample of women. This work also
contributes to an improved understanding of how religiosity and spirituality may not operate
equally for all women in all contexts of adversity, highlighting the need to consider adversity
thresholds in clinical interventions. Future research should assess how factors such as maternal
age and prevalence of ACEs among women who do not have live birth pregnancies may
influence the relationship between ACEs and PTD and disparities by race and socioeconomic

status.
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Zan, Zendegi, Azadi
Woman, Life, Freedom
To the brave women and schoolgirls of Iran, and to the men fighting alongside them, in their
ongoing battle to liberate themselves from over 40 years of oppression, discrimination, and
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CHAPTER 1: INTRODUCTION

Racial and socioeconomic disparities in preterm delivery (PTD), a birth occurring less
than 37 weeks of gestation, have persisted for decades in the United States. The PTD rate for
Black women has consistently hovered around 14% since 2008, compared to around 9.0% for
White women.>? Moreover, women with lower socioeconomic status (SES) are at greater risk of
delivering preterm.3#

Preterm birth poses an array of adverse health and socio-emotional consequences for
infants, mothers, and their families.>® Infants born preterm are at increased risk of developing a
host of physical, developmental, and neurocognitive conditions that may often be lifelong.>8
Mothers who deliver preterm are at increased risk of suffering postpartum depression.®°
Moreover, PTD represents a significant psychosocial stressor for parents.®’

An increased burden of life stressors, particularly during the preconception period, is
hypothesized as one pathway through which disparities in PTD may be perpetuated.t*-2°
Specifically, adverse childhood experiences (ACEs), defined as adverse life events occurring
before the age of 18, have been associated with numerous adverse health outcomes in
adulthood.'®*" While foundational research has demonstrated that ACEs can negatively impact
pregnancy health and birth outcomes, 4161821 few studies have 1) assessed whether specific
ACEs, or co-occurring patterns of certain ACEs, may exert greater detrimental effects on PTD
risk than others; 2) assessed racial and SES impacts on the relationship between ACEs and PTD
using a health equity framework and diverse, nationally representative datasets; or 3) analyzed
the role that potential protective factors may play to buffer against the risk of ACEs on PTD.
These gaps prevent a comprehensive understanding of how the interplay between adverse life

stressors and protective factors may influence disparities in PTD by race and SES.



1.1 Study Aims & Hypotheses

Acknowledging these gaps in the literature while building upon the important
contributions of previous research, the overall goal of this dissertation is to investigate the
relationship between adverse childhood experiences, preterm delivery, and two types of potential
protective factors (religiosity and spirituality) in a national, longitudinal sample of women using
a health equity framework and lifecourse approach. Specifically, | will address this goal through
three specific dissertation aims:

1) Determine the association between specific adverse childhood experiences and odds
of PTD and evaluate whether this relationship differs across race and SES
subgroups.

2) ldentify subgroups of women characterized by early life patterns of ACEs and
determine the association between subgroup membership and odds of PTD.

3) Examine the role that potential protective factors (i.e., religiosity and spirituality)
play in the association between adverse childhood experiences and odds of PTD, and
whether these factors operate differently by race and SES subgroups.

1.2 Public Health Significance

There 1s a growing body of literature examining the impacts of ACEs on adverse birth
outcomes, including PTD.!8® Preterm birth, defined as a birth occurring earlier than 37 weeks of
gestation, poses a significant public health problem in the United States with a prevalence of
10.5% as of 2021.22 Infants born preterm are at risk for multiple adverse health consequences,
which can often be lifelong, including death, cerebral palsy, vision and hearing impairments,
gastrointestinal disturbances, infections, developmental delays, behavioral problems such as

ADHD, and complications across the cardiovascular, respiratory, and neurocognitive systems.>®



Moreover, PTD poses a high burden to society, as evidenced by the estimated $26.2 billion
associated with PTD-related health care, early intervention, special education, and impacts on
labor productivity.®

In addition to constituting one of the highest rates globally, the prevalence of PTD in the
United States differs substantially by race, and these disparities have not changed substantially in
over 30 years.2224 Moreover, PTD disparities by SES in the United States have been
documented since the 1990s.%

Life stressors, including adverse childhood experiences, may contribute to racial and
socioeconomic disparities in PTD.1132.2" Research suggests that more than 50% of adults in the
United States have experienced at least one ACE, while over 20% have experienced more than
three ACEs.?® Importantly, ACE prevalence differs significantly by race/ethnicity and
socioeconomic status, whereby multiracial individuals, black individuals, American Indian or
Alaska Native, and Hispanic individuals experience higher levels of ACEs compared to white
individuals, and individuals with both lower childhood and adulthood SES report higher levels of
ACEs.?3!

The detrimental impacts of early childhood adversity on human health and development
can be pervasive throughout the lifecourse.>?* Early life stress is hypothesized to “get under the
skin,” or become biologically embedded, through disruptions to the structure and functioning of
neuroendocrine and immunological systems, increasing an individual’s vulnerability to the
development of pathologies.?>**>3¢ As the role of preconception health is becoming
increasingly recognized in healthy pregnancy and perinatal outcomes, adverse events that occur

long before pregnancy have the propensity to influence women’s reproductive health and



subsequent pregnancy outcomes.'#!*2!37 This contextualizes the important implications that
ACEs may have for women’s reproductive, preconception, and pregnancy health.

Indeed, while the literature is in its early stages, ACEs have been found to increase the
risk for poor mental health during pregnancy, unintended pregnancies, adverse birth outcomes,
pregnancy loss, risky sexual behaviors (i.e., higher number of sexual partners), sexually
transmitted diseases, cortisol dysregulation during pregnancy, as well as negative health
behaviors during pregnancy such as drinking.!®182021-38-42 While ACEs have also been linked to

PTD, the literature is not unanimous'®!"’

and entails methodological limitations that restrict
generalizability of findings.

Despite this foundational research, few studies in the literature have 1) assessed whether
specific ACEs, or co-occurring patterns of certain ACESs, may exert greater detrimental effects
on PTD risk than others; 2) assessed potential differences in the relationship between ACEs and
PTD by race and SES using diverse, national datasets; or 3) analyzed the role that potential
protective factors may play to buffer against the risk of ACEs on PTD.

Therefore, research that aims to understand the relationship between patterns of ACEs,
PTD, and potential protective factors using a racial and SES health equity lens is important for
identification of subgroups of women who may be at high risk for adverse birth outcomes to
better inform targeted prevention and development of effect clinical interventions. The impact of
this research will be to enhance understanding of the role of potential protective factors which
may buffer against the effects of ACEs on adverse birth outcomes to lend useful insight in
clinical settings and help women “identify, affirm, and build” (Walsh, 2016, p. 140)* their

repertoire of protective factors that can be mobilized to promote healthy pregnancy outcomes,

despite experiences of significant life adversity.



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW
2.1 Preterm Delivery

Preterm delivery (PTD), defined as a birth occurring before 37 weeks of gestation, poses
a significant public health problem in the United States with a prevalence of 10.5% as of 2021.22
Indeed, the United States is one of the 10 countries with the highest prevalence of PTD in the
world, trailing behind Bangladesh, Philippines, Democratic Republic of Congo, and Brazil, a
trend that sets it apart from other Western countries.**

Preterm birth can result in multiple adverse short and long-term health consequences for
mothers, babies, and their families. Specifically, preterm infants have a higher risk of death and
developing respiratory, cardiovascular, and neurological complications, gastrointestinal
problems, cerebral palsy, vision and hearing impairments, behavioral disorders like ADHD, and
developmental delays.>® These health impacts can often be lifelong. PTD poses a significant
psychosocial stressor for parents,®’ and mothers who deliver preterm are at greater risk of
experiencing postpartum depression and anxiety.>'° Moreover, the socioeconomic burden
associated with PTD, including medical health care costs, early intervention services, and special
education services, is estimated to be $26.2 billion annually in the United States.®

While approximately 30% of preterm cases are medically indicated (i.e., as a result of
known medical conditions such as preeclampsia), the etiology of the remaining 70% of cases is
unknown (i.e., spontaneous), making the prediction of its occurrence, and therefore its
prevention, difficult.!®

To date, research has identified multiple factors which may increase a woman’s risk of
delivery preterm, including a history of delivering preterm, having a short cervix, young
maternal age (<16 years old), advanced maternal age (>35 years old), low socioeconomic status,

adverse health behaviors including smoking, drinking, and illicit drug use, short interpregnancy
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interval, low prepregnancy BMI or obesity, and predisposing medical conditions, including
preeclampsia, diabetes, high blood pressure, blood clotting conditions, vaginal infections,
sexually transmitted infections.>#

2.1.1 Racial and Socioeconomic disparities in PTD

Significant disparities in PTD prevalence in the United States exist by race and
socioeconomic status (SES).%* Specifically, Black women experience the highest prevalence of
preterm birth, at 14.4% of all live births as of 2020, compared to 11.6% for American Indian and
Alaskan Native (AIAN) women, 9.8% for Hispanic women, 8.5% for Asian women, and 9.1%
for white women.? These racial disparities in PTD have not changed substantially in over 30
years. !>

Furthermore, studies have documented that women with lower socioeconomic status are
at greater risk of delivering preterm.>**® However, while individual-level occupation and
aggregate measures based on census (i.e., poverty, income, education, unemployment, and
wealth) are consistently associated with PTD risk, the findings for individual-level
socioeconomic measures like education and income are more mixed.’

Moreover, the relationship between socioeconomic factors and risk of PTD varies within
race subgroups. For example, census-based socioeconomic measures including neighborhood
poverty and unemployment are more commonly associated with higher PTD risk among Black
women, but not among White women.* In terms of individual-level socioeconomic measures,
Pickett et al. (2022) found that compared to Black women who had a high school education,
Black women with less than a high school education had 2.34 times the odds of spontaneous

PTD (OR 2.34, 95% CI 1.15-4.74).*” However, this pattern was not found among White



women.*’ Collectively, these findings indicate that race and socioeconomic status play a
prominent role in PTD disparities.
2.2 Hypothesized Explanations for Disparities in Preterm Delivery

While the exact cause of these racial and socioeconomic disparities is unclear, there are
multiple hypothesized explanations for the higher rates of PTD seen among Black women and
women with low SES, including a disproportionate exposure to life stressors (e.g., adverse life
events and racial discrimination), mental health conditions like anxiety and depression, health
behaviors (e.g., smoking, alcohol and drug use, diet), & biophysiological conditions (e.g.,
inflammation and infections).!"!>74® However, the majority of research on these risk factors has
been limited to the period right before, during, or after pregnancy.

A growing body of perinatal research is recognizing the important role of the
preconception period as part of a lifespan approach to understanding racial and SES disparities in
adverse birth outcomes.'""'*37 This approach acknowledges that, as stated by Misra et al. (2003),
“...some of the most powerful influences on pregnancy outcomes are related to influences on
women’s health that occur long before pregnancy begins” (p. 65).*” While the application of a
lifespan approach to perinatal disparities research on adverse birth outcomes has grown in recent
decades,!!*” developmental psychologists have recognized the effects of early life experiences on
developmental outcomes since the 1960s.*’ Specifically, adverse childhood experiences are a
unique type of early life stressor with significant repercussions for biological, psychological, and
physical health.>?2%>%3! In this body of work, I will be applying this lifespan approach to assess
how adverse childhood experiences occurring during the preconception period may contribute to

racial and SES disparities in PTD among women of reproductive age.



2.3 Adverse Childhood Experiences: A Unique Life Stressor

Adverse childhood experiences (ACES), defined as adverse life events occurring before
the age of 18, constitute a unique life stressor in that they have been associated with a diverse
range of adverse health and societal consequences.'®1752%3 Research suggests that more than
50% of adults in the United States have experienced at least one ACE, while over 20% have
experienced more than three ACEs.?8

One of the first major studies on ACEs was conducted by the CDC and Kaiser
Permanente (1995-1997), which was groundbreaking in discovering that adverse experiences in
childhood were associated with a plethora of negative health outcomes in adulthood, including
injuries, depression, anxiety, substance use, unintended pregnancy and adverse pregnancy
outcomes, infectious diseases, and chronic diseases, underscoring the long-term consequences of
ACEs across the lifecourse.1’>*

The CDC/Kaiser ACE study identified key domains of ACEs including abuse (e.g.,
physical, emotional, sexual), neglect (e.g., physical and emotional), and household dysfunction
(e.g., substance abuse, mental illness, parental separation, and incarceration) which are known as
“traditional ACEs” in the literature.'®'” However, these categories of ACEs have been expanded
in recent years to include factors such as witnessing violence, experience of discrimination,
living in an unsafe neighborhood, experiencing bullying, and living in foster care, in recognition
that a diverse array of negative experiences during childhood can be considered adverse.>®
2.3.1 Sociodemographic Disparities in ACEs

The prevalence of ACEs differs by gender, race, and socioeconomic status. Using BRFSS
data on n = 211,376 adults from 34 states, Giano et al. (2020) found that women exhibited

significantly higher mean ACE scores compared to men (1.64, 95% CI 1.62-1.67 vs. 1.46, 95%



CI 1.44-1.49, respectively).?® They also documented that the mean ACE score for multiracial
individuals (2.39, 95% CI 2.26-2.51), Black individuals (1.66, 95% CI 1.60-1.71), and Hispanic
individuals (1.63, 95% CI 1.58-1.69) were significantly higher than the mean ACE score for
White individuals (1.53, 95% CI 1.51-1.54).%

In terms of socioeconomic status indicators, Giano et al. (2020) found that individuals
with less than a high school education had a mean ACE score (1.71, 95% CI 1.66-1.77) that was
significantly higher compared to those with a high school diploma or GED (1.57, 95% CI 1.54-
1.61) and those with a college degree (1.26, 95% CI 1.24-1.29), but not compared to those with
some college (1.70, 95% CI 1.67-1.73).2® Furthermore, unemployed individuals had a mean ACE
score (2.05, 95% CI 1.97-2.14) that was significantly higher compared to employed individuals
(1.61, 95% CI ), whereas those individuals who are unable to work (i.e., due to a disability) had a
significantly higher mean ACE score (2.24, 95% CI 2.17-2.31) compared to both unemployed
(2.05, 95% CI 1.97-2.14) and employed individuals (1.61, 95% CI 1.59-1.64).28

These socioeconomic patterns also existed by household income. Individuals with a
household income of less than $15,000 had a significantly higher mean ACE score (2.00, 95% CI
1.97-2.06) compared to all higher income categories ($15,000-$24,999: 1.73, 95% CI 1.68-1.78;
$25,000-$34,999: 1.59, 95% CI 1.54-1.65; $35,000-$49,999: 1.62, 95% CI 1.56-1.67; >$50,000:
1.44,95% CI 1.42-1.47, respectively).?® Confirming these disparities in ACE prevalence by
socioeconomic factors during adulthood, a systematic review assessing the relationship between
childhood socioeconomic position and adverse childhood experiences (ACEs) worldwide found
that lower childhood socioeconomic position (SEP) is associated with a higher risk of
experiencing ACEs and maltreatment.* Together, these studies indicate that vulnerability to

ACE:s differs importantly across dimensions of race, gender, and SES.



The findings of Giano et al. (2020) are consistent with research using BRFSS (2015-
2017) data which also found racial differences in the number of ACEs reported by adults.*
Indeed, Merrick et al. (2019) found that 28.3% of American Indian and Alaska Native adults
reported experiencing 4 or more ACEs, compared to 15% of White adults, 17.7% of Black
adults, and 8.6% of Asian adults.’® A significantly higher percentage of Black adults, American
Indian and Alaska Native adults, and Hispanic adults reported experiencing 4 or more ACEs
compared to White adults and Asian adults. Interestingly, a significantly higher percentage of
Asian adults reported 0 ACEs (56.3%), compared to all other racial groups.*

While these two studies incorporated large datasets and sample sizes, the data were not
from all 50 states (i.e., a sub-selection of states), which may limit generalizability. Furthermore,
the data on ACEs were self-reported by adults retrospectively. Although retrospective recall (i.e.,
self-report) is a common method of collecting data on ACEs, there is always a possibility for
potential recall bias compared to assessment via medical records (e.g., provider notes from
counseling sessions). Indeed, individuals may underreport adverse experiences in childhood,>
especially women,>’ possibility due to stigma or denial.

Using nationally representative data from the National Survey of Children’s Health to
assess ACEs experienced by children under 18 as reported by a parent or guardian, Sacks &
Murphey (2018) found similar disparities by race, whereby 33% of NH Black children
experienced 2 or more ACEs, compared to 19% of white children, 21% Hispanic children, 5%
NH Asian children, and 26% of children classified as Other NH.?! Together, these findings from
the literature provide important evidence that disparities in ACE prevalence exist by

sociodemographic factors in the United States.
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2.4 Literature on ACEs and Health Outcomes

The impacts of ACEs on human health and development can be pervasive throughout the
lifecourse, increasing the risk of mental illness, premature mortality, cardiometabolic diseases,
suicide, cancer, and substance abuse during adulthood.'®!"*>52 Indeed, ACEs have been linked to
5 of the 10 primary causes of death.’? It is estimated that prevention of ACEs would decrease
cases of depression by up to 21 million, heart disease by up to 1.9 million, and cases of
overweight and obesity by up to 2.5 million.>* Furthermore, prevention of ACEs is estimated to
reduce the occurrence of coronary heart disease by 13%, cancer by 6%, smoking by 33%, and
heavy drinking by 24%.?

Further emphasizing the wide reach that ACEs have on a diverse array of health
outcomes, a systematic review by Petruccelli et al. (2019) which assessed the association
between ACEs and various health outcomes found statistically significant increased odds ratios
for the majority of 22 examined health outcomes across all number of ACEs (1, 2, 3, 4+, highest
number of ACEs reported in each study).'®

While these findings underscore that the health impacts of ACEs occur across diverse
dimensions of medical, psychosocial, and behavioral conditions, it is important to highlight a
notable gap: pregnancy-related outcomes were not assessed. As exposure to ACEs in childhood
and adolescence occurs during women'’s preconception period, this carries important
implications for the potential effects of ACEs on women’s reproductive health.

2.4.1 ACEs and Reproductive Health Outcomes

There is a growing body of perinatal literature recognizing the impacts of early life
experiences on women’s reproductive health outcomes as part of a lifecourse approach to

studying factors which may influence preconception health.1%4182137 |ndeed, exposure to
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adverse life events during the preconception period, not just during pregnancy, has the potential
to impact pregnancy health and birth outcomes. 114182137

In an integrative review of 17 studies from the literature that assessed ACEs and
pregnancy-related outcomes, Olsen (2018) found that ACEs were positively associated with
prenatal alcohol use, preterm birth, fetal death, health problems during pregnancy, and prenatal
depression and anxiety.?

Among n = 1848 low-income women enrolled in home visiting programs in Wisconsin
who self-reported 10 types of ACEs using the Childhood Experiences Survey, Mersky & Lee
(2019) found that a higher ACE score was associated with increased odds of experiencing
pregnancy loss (OR 1.12, 95% CI 1.08, 1.17), preterm birth (OR 1.07, 95% CI 1.01, 1.12), and
low birth weight (OR 1.08, 95% CI 1.03, 1.15).% Moreover, while the mean of observing a
pregnancy loss increased continuously as the number of ACEs increased, this relationship did not
increase substantially for premature birth or low birthweight until extreme levels of adversity (9-
10 ACESs). These findings suggest a potential non-linear threshold effect whereby certain adverse
outcomes may not “manifest” (Mersky & Lee, 2019, p. 5) until extremely high levels of
adversity are encountered.>® This threshold risk model has been proposed by experts in
developmental psychology®? and similarly observed in other ACE studies.'”°

However, due to the small sample size used by Mersky & Lee (2019) which was not
nationally representative and only included select racial subgroups of women, these results may
not be generalizable to other populations.®® Nonetheless, findings from larger samples seem to
indicate similar magnitude of effects for other reproductive health outcomes. In a sample of n =
8810 women from the National Longitudinal Study of Adolescent to Adult Health, Hall et al.

(2019) found that an increase in adverse life experiences (ALE) score by one standard deviation
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was associated with an increased risk of unintended first pregnancy (adjusted Hazard Ratio aHR
=1.11, 95% CI 1.04- 1.17) among women overall.®® Higher ALE scores also increased the risk
of unintended first pregnancy for Black women (aHR = 1.12, 95% CI 1.01-1.25), Asian women
aHR 1.69, 95% CI 1.26-2.26), White women (aHR = 1.12, 95% CI 1.03-1.22), low-income
women (aHR 1.21, 95% CI 1.03-1.23), as well as high income women (aHR=1.36, 95% CI 1.12-
1.66).%° While this study examined diverse types of adverse life experiences among a large
sample of female adolescents, they did not focus exclusively on adverse childhood experiences,
nor did they examine impacts on adverse birth outcomes.

In a study of n = 111,330 postpartum women from PRAMS, Koning & Ehrenthal (2019)
assessed the impacts of adverse maternal life events one year prior to childbirth (including
financial difficulties, loss of job, divorce or separation, unwanted pregnancy by partner,
incarceration, and homelessness, as well as intimate partner violence one year prior to
conception) on birth weight and premature birth using clustering methods to find groups of
women based on similar patterns of life experiences.® Women who were classified under the
“toxic/cumulative” subgroup, meaning they experienced frequent and acute adverse life events,
had babies who were on average 107 grams lower in birth weight (BW) compared to women in
the “protected” subgroup, meaning they experienced few adverse life events. Furthermore,
women in the toxic subgroup experienced a 27% increase in preterm birth (PTB) risk, 49%
increased risk of low birth weight (LBW), and 57% increased risk of very low birth weight
(VLBW).%° Disparities were also apparent by race/ethnicity. For example, across all three
subgroups of adverse maternal life events (protected, illness/isolated, and toxic), non-Hispanic
Black (NHB) women experienced significantly poorer birth outcomes (lower BW, LBW, PTB,

& VLBW) compared to non-Hispanic White (NHW) women (p<0.05).5°
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Koning & Ehrenthal (2019) also calculated the “probability of being born in the toxic
stressor landscape,” p(TSL), based on race/ethnicity and income, controlling for
sociodemographic factors such as age, education, marital status, and state of residence (p. 6).%°
While NHW women experienced a precipitous decline in p(TSL) at higher income quartiles, the
decline for NHB women and Hispanic women at higher incomes was smaller.%® Additionally,
while the association between toxic landscapes and LBW was strongest for NHW women in the
lower income quartiles, this pattern was not observed for NHB and Hispanic women, who
experienced a stronger association between toxic landscapes and LBW in the upper and middle
income groups.®® While this study assessed adverse life events only one year prior to childbirth
(or one year prior to conception) and did not incorporate adverse childhood experiences (ACES)
specifically, these findings suggest that not all adverse life events may impact women equally
across all race and socioeconomic groups.

2.4.2 Not all ACEs are created “equal”

While traditionally the majority of ACE studies have operationalized ACE exposures
using frequency and count measures, 88 there is research need to assess distinctions between
different types of ACEs, as not all ACEs may be “equal” in their adverse impact on health
outcomes.'®-84 Indeed, some studies have found evidence of a “synergistic” interaction pattern
between ACEs, whereby patterns of co-occurring ACEs create an aggregate effect on health
outcomes that is much greater than the sum or product of the individual effects of each ACE
separately.51-63

For example, Briggs et al. (2021) examined different pairs of 10 ACEs (including sexual
abuse, physical abuse, emotional abuse, neglect, exposure to domestic violence, mental health

illness among caregivers, medical illness or substance abuse, and parental loss, separation or
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bereavement) and found that sexual abuse formed the greatest number of synergistic pairings of
ACEs, meaning its co-occurrence with another ACE contributed to a greater proportion of the
attributable risk for clinical behavioral problems among children and adolescents than the sum or
product of the effects of the ACEs individually.®* While this study did not examine perinatal
outcomes specifically, the findings suggest that certain ACESs may exert greater detrimental
impacts on health outcomes than other.

Furthermore, the concept that “not all ACEs are equal” was observed in a study of n =
2259 pregnant women from the Pregnancy Outcomes and Community Health Study (POUCH),
where Margerison-Zilko et al. (2017) found that sexual abuse during childhood and adulthood
was associated with increased odds of PTD (aOR 1.9, 95% CI 1.0, 3.5), but physical abuse was
not.'® Moreover, life stressors (i.e., abuse/witnessing violence, loss, economic stress, and
substance use) experienced in the 6 months prior to childbirth was not associated with PTD.*°
These findings suggest that 1) specific ACEs may be more strongly associated with adverse birth
outcomes than others and 2) There may be sensitive periods during which specific types of life
stressors may exert their impacts on adverse birth outcomes.
2.4.3 Summary of Literature Gaps for Section 2.4

Few studies on ACEs have assessed the influence of adverse childhood experiences on
adverse birth outcomes such as PTD with specific attention to disparities by race and SES
subgroups using diverse, nationally representative datasets. Moreover, few studies in the
perinatal literature have assessed whether specific ACEs, or co-occurring patterns of ACEs, exert

greater detrimental effects on PTD risk than others.
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2.5 Theoretical Frameworks: Biological Embedding of Life Adversity and Birth Outcomes

Theoretical frameworks across social epidemiology, perinatal epidemiology, and
developmental psychology are critical to understanding how ACEs may manifest to impact
women’s reproductive health outcomes. These frameworks heavily informed my dissertation
work and my conceptualization of the hypothesized physiological, behavioral, and psychosocial
mechanisms by which ACEs may influence the occurrence of PTD (See Figure 1 in Chapter 3).
2.5.1 Social Determinants of Health and Health Equity

The social determinants of health theory posits that social conditions and societal
structures influence the development of disease, health outcomes, as well as disparities in health
outcomes.®>% Widely recognized social determinants of health include access to health care,
quality of healthcare, education, neighborhood, housing and physical environment, diet and
nutrition, social support networks, sex, race/ethnicity, and socioeconomic resources.®>-8
Importantly, the risk of, and disparities in, preterm delivery, is heavily influenced by social
factors, namely, race/ethnicity and socioeconomic status.® Additionally, disparities in the
prevalence of adverse childhood experiences exist by race and socioeconomic status.?®

Therefore, research which aims to understand racial and socioeconomic influences in the
relationship between ACEs and PTD is critical to identifying at-risk subgroups and informing the
development of appropriate clinical interventions to reduce disparities and, ultimately, promote
health equity. Health equity is “the principle underlying a commitment to reduce—and,
ultimately, eliminate—disparities in health and in its determinants, including social
determinants” (Braveman, 2014, p. 6).%° One way in which my dissertation addresses health
equity is by assessing whether disparities in my exposure-outcome relationship exist within race

and socioeconomic status subgroups rather than assuming that ACEs and protective factors affect
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all women equally. Another way I incorporated health equity is by including seven categories of
race. Many studies often exclude groups with smaller sample sizes or lump multiple groups
together, but I felt that it was important to take advantage of the diverse sample that Add Health
offers and to increase representation of commonly underrepresented groups of women.
2.5.2 Psychosocial Theory

Closely related to social determinants of health, psychosocial theory underscores the
importance of the “host-agency-environment” triad in determining health and disease; the goal of
this theory is to understand the phenomena of why not all individuals who have a certain
exposure develop disease or a certain health outcome, and why some individuals display
resistance to disease development (Krieger, 2001, p. 669).°

Decades of research from developmental psychology since the 1960s has demonstrated
that not all children who experience adversity go on to develop adverse health or developmental
outcomes.*34%"-73 |n application to the perinatal literature, not all women who experience life
stressors either during the preconception period or during pregnancy may necessarily experience
adverse birth outcomes,'#1%2".7475 even though adverse life events have been associated with
adverse birth outcomes. #8606 Therefore, it is important to determine what may be contributing
to the positive pregnancy outcomes observed in these women, in spite of experiences of
adversity, so that we may inform interventions to promote healthy pregnancies in other women
who may be at-risk due to a history of adverse life events.

Moreover, the susceptibility of an individual to developing adverse health outcomes
depends on both environmental factors (i.e., foster care placement) and psychosocial factors (i.e.,
social support, religiosity). Indeed, certain factors such as social support and religiosity have

been found to buffer against adverse birth outcomes for women who have a history of adverse

17



life experiences.’* 58 My research will examine the effects of two potential protective factors,
religiosity and spirituality, on the association between adverse childhood experiences and PTD to
determine whether these factors buffer against the impact of ACEs on PTD and PTD disparities.
2.5.3 Lifecourse Theory, Biological Embedding, and the Concept of Sensitive Periods

Lifecourse theory is essential to understanding how exposures at different stages of
human development (from birth, childhood, adolescence, to adulthood) accumulate and interplay
to continuously impact health status and health outcomes across the lifespan.®”¢>7° For example,
Adler and Stewart (2010) explain the “dynamic relationship between SES and health” throughout
the lifecourse, whereby health status during childhood subsequently influences that child’s future
health as well as their ability to attain education, income, and occupation later in life (p. 10).7
This framework informed my dissertation conceptual diagram as | hypothesized the variables of
maternal income, education, and occupation as mediators in the relationship between ACEs and
PTD and therefore did not control for them (see Figure 1 in Chapter 3).

Furthermore, my research aims were developed through the framework of a lifecourse
study design, specifically, the “latent effects” model discussed by Pollitt et al. (2005), which
“hypothesizes that adverse early life experiences increase the risk of [outcome] in later life...”
(p. 2).8° The acknowledgement of adverse childhood experiences as important life stressors with
implications for distal health and developmental outcomes has been long studied by
developmental psychologists.3233264% | apply this model as a guiding framework in my
dissertation to understand how early life adversity occurring during childhood and adolescence
has the potential to impact the risk of PTD later in life.

Another foundational concept in lifecourse theory is the accumulation of risk exposures

and protective factors across the lifespan, which is particularly important to hypothesized
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explanations for racial and socioeconomic disparities in PTD that guided my dissertation work.
Notably, Lu and Halfon (2003) depicted how differences in exposures to risk and protective
factors across the developmental lifespan affect trajectories of reproductive potential and
disparities in birth outcomes between White women and Black women.'! Lu and Halfon (2003)
hypothesized that disparities in adverse birth outcomes between White and Black women may
stem from differences in levels of protective factors and accumulation of risk exposures across
the lifecourse.!! In application of this model, | examined differences in various multi-level
protective factors by race and SES among a sample of n = 2474 pregnant women in my
preliminary dissertation research,® while in the first manuscript of this dissertation, | examine
differences in a specific risk factor, ACEs, across race and SES subgroups of women.

2.5.3.1 Sensitive Periods in Development and the Biological Embedding of Stressors

In this section, | will provide a detailed discussion of the physiological mechanisms by
which early life adversity can impact future disparities in adverse birth outcomes in adulthood,
based on theory and literature from developmental psychology, which informed the conceptual
framework for my dissertation (Figure 1, Chapter 3).

Specific stages of human development constitute what are known as sensitive periods, or
“...times during development when experience exerts a very strong influence on the brain and on
behavior” (Cicchetti, 2015, p. 319).82 While related to the concept of critical periods, which is
defined as a “window of heightened brain plasticity for encoding specific environmental inputs
through experience expectant mechanisms that results in irreversible changes in brain function
with permanent effects on behavior” (Nelson & Gabard-Durnam, 2020, p. 134)%, sensitive
periods differ in that they allow for plasticity to occur even after the period ends.® Plasticity

refers to “the ability of the brain to reorganize neuronal pathways that are based on new
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experienced encountered throughout the course of life span development.” (Cicchetti, 2015, p.
319).82 Developmental periods with increased opportunity for plasticity, such as the pubertal
period in adolescence, has important implications for the development of clinical
interventions,348 as will be discussed later in Chapter 7.

Childhood and adolescence are hypothesized to be sensitive periods for the “biological
embedding” of both positive (i.e., a nurturing infant-caregiver relationship) and negative
experiences (i.e., caregiver-perpetuated abuse and neglect).>*# Biological embodiment refers to
how life experiences “get under the skin,”*® like a physiological footprint of our day-to-day
experiences. Krieger (2001) defines biological embodiment as “...how we literally incorporate,
biologically, the material and social world in which we live, from conception to death” (p.
672).7

It is hypothesized that exposure to early life stressors during these sensitive periods of
development initiate changes in the structure and functioning of multisystemic neuroendocrine
and immunological systems that influence an individual’s future disease risk and developmental
outcomes.3?-35°183 | define stressor as an “actual or perceived threat to an organism” and stress
as the organism’s “response to the stressor” (Schneiderman et al., 2005, p. 1).86 To be more
specific, Cicchetti & Walker (2001) defined stress “as a perceived threat to an organism’s
homeostasis and as a situation that causes increases in autonomic nervous system activity or
hormone secretion” (p. 414).%® Stressors can be physical (i.e., interpersonal violence),
psychological (i.e., fear), and immunological (i.e., virus).*® In this dissertation, | will specifically
examine a physical and psychological life stressor, ACEs, that occur during the sensitive periods

of childhood and adolescence, as a hypothesized mechanism that may impact disparities in PTD.
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While stress responses were developed evolutionarily to protect organisms against threats
in the environment and to promote adaptation for survival, prolonged and chronic activation of
the stress response system can be physiologically harmful, leading to disruptions in
neuroendocrine, metabolic, and immunological systems. 33338

In particular, the hypothalamic pituitary adrenal axis (HPA axis) is a neuroendocrine
system that plays a central role in the human stress response, as well as other physiological
systems (e.g., metabolic and immune), and is important to maintaining the body’s adaptative and
regulatory functions critical to homeostasis (i.e., blood pressure, heart rate).3*%%¢ When this
stress system is triggered, the hypothalamus in the brain releases specific hormones, such as the
corticotrophin-releasing hormone (CRH) and arginine vasopressin (AVP), which activates the
pituitary gland to release another hormone, called adrenocorticotropic hormone (ACTH). ACTH
travels through the blood and reaches an organ, called the adrenal glands, which sit on top of the
kidneys.*® In response, ACTH releases hormones called glucocorticoids, also known as cortisol
in humans.®

Glucocorticoids have a diverse range of roles in the stress response system and influence
gene expression in response to activation of the HPA system.333 Most importantly, the HPA
system entails its own negative and positive feedback system that maintains appropriate
activation, but also suppression once a stressor is removed. Consequently, this critical feedback
system can become dysregulated as a result of chronic activation, and it is this specific
dysregulation process that been prominently implicated in the development of disease and
pathology.32%3%% As an example given by Gunnar (2007), “...an acute and short-lived stress

response of the HPA axis may help prevent the immune system from “overshooting,” but
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prolonged stress activation of the HPA axis may chronically suppress immune functioning,
increasing susceptibility to infections” (p. 131).%

One of the potential indicators of HPA axis dysregulation is abnormal patterns in the
diurnal cycle of cortisol production (i.e., production of either too high or too low levels of
cortisol).333 Children with experiences of severe maltreatment in early life have been found to
have abnormalities in HPA axis functioning, as reflected by higher than average cortisol
levels. 384858788 Gunnar & colleagues (2007) have observed similar elevations in baseline
cortisol in studies of orphaned children.® These patterns of HPA axis activity have also been
linked to adverse behavioral and psychological developmental outcomes in these children. 38485

Why do early life adverse experiences have the potential to disrupt physiological systems
in this way? Adverse childhood experiences represent a “violation of the expectable
environment” (Nelson & Gabard-Durnam, 2020, p. 133),2% which refers to the situation whereby
“experiences that are expected to occur (in order to confer survival and adaptation to the
environment) either do not occur (e.g., lack of caregiving; lack of nutrition) or are atypical in
some way (e.g., physical abuse)” (Nelson & Gabard-Durnam, 2020, p. 134).8% As elaborated by
Nelson & Gabard-Durnam (2020), “The reason an absence of an expected experience or the
presence of an atypical experience matter can be attributed to the experience-driven nature of
brain development. When cortical specialization is driven by experience, atypical experiences or
the lack of experiences during those windows should lead to atypical patterns of brain
development” (p. 134).8 For example, the quality of the infant-caregiver relationship (i.e.,
nurturing, secure attachment vs. insecure attachment and insensitive care) is critical to the
regulation of the HPA axis and the child’s socio-emotional development in early life 3%3583:89-91

When this nurturing and supportive caretaking environment is absent in early life, and an
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unsupportive, neglectful, or abusive environment is present, mental and physical health
consequences may result.®

These adverse early life exposures can become biologically embedded in the form of
physiological changes which can include shifts in epigenetic processes, changes to the
hypothalamic pituitary adrenal (HPA) axis functioning and stress reactivity, changes in neural
networks and connectivity, and metabolic dysfunction, including immunosuppression and
chronic inflammation.®® This “early programming mechanism” (Lu and Halfon, 2003, p. 16)*!
triggered during sensitive periods has the potential to influence lifelong health outcomes. 325183

Applying these concepts to the perinatal literature, it has been hypothesized that exposure
to maternal stressors leads to dysregulation of the HPA axis and neuroimmune functioning,
resulting in increased vulnerability to infections and inflammation.®?-% For example, higher
levels of pro-inflammatory cytokines have been observed among women who deliver
preterm.®2%3 Studies have also found that higher maternal cortisol levels are associated with an
increased risk of preterm birth,°6-*° although the findings have been mixed.%0-105

Furthermore, one of the physiological changes that has been linked to early life adversity

106-109 \hich may also be a risk factor for PTD.!!

is earlier onset of menarche among girls,
Belsky et al. (1991) developed an evolutionary theory of socialization that outlined two
developmental trajectories, strongly rooted in John Bowlby’s attachment theory,® that result
from childhood experiences with the potential to impact future reproductive behavior and
success. %

One trajectory depicts children who grow up in early caretaking environments

characterized by maltreatment and subsequently develop adverse outcomes throughout the

lifecourse.!® The trajectory of these children starts with insecure attachment to caregivers in
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childhood, followed by early onset of puberty and early sexual activity in adolescence, and
results in disruptions in the formation of stable relationships and commitment to raising children
during adulthood.!% On the other hand, children who grow up in supportive and nurturing
caretaking environments develop secure attachments to caregivers in childhood, exhibit later
onset of puberty and sexual activity.!* These children are therefore able to form more stable
relationships and display higher commitment to raising children during adulthood.'%® Support for
this theory was demonstrated by Moffitt and colleagues (1992), who observed that dysfunctional
family environments and absence of a father was associated with earlier age of menarche among
adolescent girls.'%’

Furthermore, ACEs have been linked to risky sexual behaviors, unintended pregnancy,
sexually transmitted infections, as well as adverse behaviors during pregnancy (alcohol use,
smoking, substance use), which are also risk factors for PTD. 6383938111 Wwhjle my dissertation
does not assess causal mechanisms between ACEs and PTD, I do investigate whether occurrence
of ACEs during a sensitive period of childhood and adolescence are associated with PTD later in
life, an important endeavor given the important role that ACEs may play in women’s
reproductive health.

Collectively, the findings from the developmental psychology literature provide an
important lifecourse framework that lends plausibility to the process by which early life stressors
may become biologically embedded to subsequently impact women’s reproductive health

outcomes. In my dissertation, | will apply these frameworks by assessing the association between

adverse childhood experiences occurring before 18 years of age and odds of PTD.
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2.5.4 Summary of Section 2.5

In this dissertation, | apply interdisciplinary theoretical frameworks across lifecourse
epidemiology and developmental psychology to conceptualize how early adverse experiences
may become biologically embedded during the sensitive periods of childhood and adolescence,
and subsequently impact disparities in birth outcomes.
2.6 Protective Factors and Resilience Theory

With the understanding that exposure to life stressors, including adverse childhood
experiences, may not necessarily be controllable or avoidable, there is growing attention of the
need for a paradigm shift that incorporates salutogenesis. Salutogenesis the promotion of well-
being and positive adaptation through identification of and bolstering of protective factors,'!>113
as opposed to an exclusive focus on the pathogenesis approach of risk factor identification.'*2
This concept of positive adaptation in the face of major life adversity refers to the process of
resilience, defined as “the process of, or capacity for, an outcome of successful adaptation
despite challenging or threatening circumstances” (Masten, Best, & Garmezy, 1990, p. 426).”

Resilience theory arose from research in the 1960s and 1970s at the intersection of
developmental psychology, psychopathology, and child development that identified a group of
children exhibiting positive developmental outcomes despite experiencing adverse life
events.**73114 These studies identified several characteristics in these children (i.e., easy-going
temperament, maturity, positive relationship with an adult) that contributed to their unexpected
positive adjustment and seemed to buffer them from their circumstances of severe adversity.”>"
These factors are known as protective factors, or factors which “moderate the effects of

individual vulnerabilities or environmental hazards so that the adaptational trajectory is more
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positive than would be the case if the protective factor were not operational” (Masten, Best, &
Garmezy, 1990, p. 426).”

The process of resilience entails an “interaction between both risk and protective
processes, internal and external to the individual, that act to modify the effects of an adverse life
event” (Olsson et al., 2003, p. 2).1* Protective factors that may serve to buffer against life
stressors to promote resilient health outcomes can function across many socioecological levels,
including the individual (self-esteem, sense of humor, hopefulness, spirituality, optimism),
family (social support), and community (social cohesion, reciprocal exchange)
levels 4349727476115 Ag individuals may draw upon these protective factors during periods of
severe stress to promote well-being, protective factors may thus potentially buffer women
against adverse pregnancy and birth outcomes in the face of adversity.

2.7 Protective Factors & Preliminary Research from Zamani-Hank et al. (2022)

In my preliminary dissertation research from Zamani-Hank et al. (2022),8! | set out to
investigate whether seven types of potential protective factors across the individual,
interpersonal, and community levels decreased the risk of PTD among a prospective cohort of
pregnant women from Michigan (POUCH; 1998-2004), and whether this relationship differed by
race and SES subgroups of women. The following sections (2.7.1, 2.7.2, 2.7.3, and 2.7.4) contain
excerpts from this research which provide context and background as the building block for this
dissertation study.

2.7.1 Protective Factors and Health-Related Outcomes

As aforementioned in Section 2.6, because life stressors may not always be avoidable or

preventable, research which aims to assess the role(s) of potential protective factors in promoting

positive health outcomes is critical, especially for women who may experience a
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disproportionate number of life stressors. Elaborating upon this point in my preliminary
dissertation research, Zamani-Hank et al. (2022) stated,

“Black women and low SES women often have greater exposure to an array of
adverse life experiences due to “multiple marginalizations™ at the intersection of race,
sex/gender, and socioeconomic position.*® While dismantling the systemic contributions
to adversity are critical to creating equity in pregnancy health and birth outcomes,
understanding the protective factors that promote healthy pregnancy outcomes for women
in “multiply marginalized’**® positions in society may provide useful targets for
intervention” (Zamani-Hank et al., p. 244).8!

A diverse array of protective factors has been identified in the literature as promoting positive
health outcomes. Zamani-Hank et al. (2022) elaborate upon some of these protective factors in
the following excerpt,

“Among adults, specific protective factors such as social support have been
associated with multiple health behaviors and outcomes, including decreased risk of
depression,*'” self-efficacy in relation to substance use recovery,'® improved weight loss
outcomes for obesity,'*® improved glycemic control in diabetes,*?° smoking cessation,*?*
and greater adherence to antiretroviral therapy for HIV.'?2 Having low levels of social
networks has been associated with increased risk of stroke and cardiovascular
mortality,!?® while low functional social support has been associated with higher risk of
mortality among patients with coronary heart disease.'?

Similarly, religiosity and spirituality have been associated with improved quality
of life among patients with cardiovascular disease,*?® lower blood pressure,*?® fewer

symptoms of depression,*?”1?8 and better management of diabetes.2%1%0
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Availability and use of specific protective factors appear to differ by gender,
race/ethnicity, and socioeconomic status. For example, women are more likely to seek
social support and report higher religiosity compared to men.'3-13 Black individuals,
particularly Black women, report greater religious involvement.3-13 Among low SES
individuals, protective factors such as religiosity, high levels of perceived control, having
a purpose in life, and high optimism have been identified as promoting positive health
outcomes in the face of adversity.***!3” These findings provide a basis for investigating
whether and how protective factors influence disparities in adverse pregnancy outcomes
by race/ethnicity and SES” (Zamani-Hank et al., 2022, p. 244).8!
Specifically, my dissertation will assess how two potential protective factors, religiosity and
spirituality, influence the relationship between adverse childhood experiences and PTD, and
whether this relationship differs across race and SES subgroups.
2.7.2 Protective Factors and Birth Outcomes

While my dissertation specifically assesses religiosity and spirituality as potential
protective factors against PTD, it is important to discuss what is currently known about the
relationship between protective factors and birth outcomes. Zamani-Hank et al. (2022) provided
the following summary of the literature on factors which have been identified as being protective
in the context of birth outcomes,

“There is increased attention to studying how protective factors, particularly
social support, may either 1) directly reduce risk of adverse pregnancy outcomes or 2)
buffer against negative impacts on pregnancy outcomes of factors such as adverse

childhood experiences, perceived stress, and stressful life events.!47778:138
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For example, among female teenagers enrolled in a WIC program who had
uncomplicated healthy pregnancies, factors at both the individual-level (positive outlook,
self-efficacy, and prenatal care attendance) and family level (parental and partner social
support) were identified as protective influences, emphasizing the role that such factors
may play in contributing to resilient pregnancy outcomes among low-SES women.”*
However, in a meta-analysis, investigators noted no evidence of a direct association
between social support and preterm birth based on the pooled findings of eight studies.”

On the other hand, pooled findings from two studies which examined the
buffering effects of social support found that women with low social support and high
stress levels experienced higher odds of preterm birth compared to women with high
social support and high stress levels.”® Specifically, women with high levels of
cumulative psychosocial stress (operationalized by ‘state anxiety’ and history of mental
health problems, abuse, and negative feelings about pregnancy timing) and low levels of
perceived social support experienced higher odds of preterm birth (OR 2.09, 95% CI
1.07, 4.07).138

The second study examined multi-level protective factors such as self-esteem,
mastery, partner support, social support, neighborhood support and found that women
with higher levels of stress compared to protective factors (as operationalized by a higher
stress-to-capital ratio [SCR]), had higher odds of experiencing premature labor compared
to women who had lower stress-to-capital ratios (OR=1.36; p=0.03).” Furthermore,
Black and Hispanic women had higher mean SCR scores compared to White women
(p<0.001, respectively) while low-income women had higher SCR scores compared to

higher-income women.”®
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Together, these findings suggest that protective factors may reduce the risk of
adverse pregnancy outcomes in the context of stress, and that protective factors may
differ by race/ethnicity and socioeconomic status.
While providing significant contributions to an understanding of protective
factors in relation to pregnancy outcomes, previous studies in the perinatal literature have
(1) focused primarily on social support and rarely incorporated data on additional
protective factors at multiple socioecological levels and (2) typically not assessed how
protective factors vary by race/ethnicity and SES” (Zamani-Hank et al., p. 245).8!
2.7.3 Preliminary Research on Protective Factors from the POUCH Study (Zamani-Hank et al.,
2022)8L

To address the aforementioned gaps in the literature, |1 conducted preliminary dissertation
research utilizing data from the Pregnancy Outcomes and Community Health (POUCH)
Study,** a prospective cohort study of pregnant women (n=3,019) from five diverse
communities across Michigan between 1998-2004 to examine seven potential protective factors
at multiple socio-ecological levels (individual, interpersonal, neighborhood) during pregnancy
and determine if they: 1) differ in prevalence by race/ethnicity and SES; and 2) are associated
with risk of PTD overall or within specific race/ethnicity and SES groups.

Addressing these research objectives, Zamani-Hank et al. (2022) found that,

“White women reported significantly higher levels of self-esteem, mastery,
perceived social support, emotional social support, instrumental social support, and
reciprocity compared to Black women (p < 0.01, respectively). Black women reported
significantly higher levels of religiosity (71.7% vs. 56.9%; p < 0.01) compared to White

women. However, the race/ethnicity differences in the continuous variables were all
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small in magnitude (Hedges’s g range 0.1-0.4) except for instrumental social support,
which was moderate (Hedges’s g = 0.5, data not shown). Differences in emotional social
support and religiosity were small in magnitude between White and Black women
(Cramer’s V = 0.1, respectively). A significantly higher proportion of Black women
delivered preterm compared to White women (p < 0.01)” (Zamani-Hank et al., 2022, p.
248, 250).8!

Furthermore, Zamani-Hank et al. (2022) observed that,

“All seven protective factors differed significantly by SES (p < 0.01,
respectively). High SES women (top quartile) reported significantly higher levels of self-
esteem, mastery, perceived social support, instrumental social support, and reciprocity
compared to both middle SES (2" and 3" quartiles) and low SES (bottom quartile)
women (p < 0.01, respectively), and middle SES women reported significantly higher
levels of all these variables (p<0.01, respectively) compared to low SES women (bottom
quartile), with the exception of reciprocity (p = 0.13).

While differences in all continuous protective factors between low and middle
SES women, and between middle and high SES women, were small in magnitude
(Hedges’s g range 0.1-0.4), the differences between low SES and high SES women were
large in magnitude for instrumental social support (Hedges’ g =0.8) and moderate for
perceived social support (Hedges’s g = 0.7), mastery (Hedges’s g = 0.7), and self-esteem
(Hedges’s g = 0.6). Differences in emotional social support and religiosity by SES were
small in magnitude (Cramer’s V = 0.1). There was no statistically significant difference

in the proportion of women who experienced PTD by SES (p = 0.08).
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Among Black and White women combined, none of the seven protective factors
were significantly associated with odds of PTD in unadjusted or adjusted logistic
regression models. However, the association between religiosity and PTD differed
significantly by race/ethnicity (p=0.08) and SES (p=0.07). Black women who reported
religiosity had decreased odds of PTD compared to Black women who did not report
religiosity, and this approached significance (OR 0.6, 95% CI 0.4, 1.0). Low SES women
who reported religiosity had decreased odds of PTD compared to low SES women who
did not report religiosity (OR 0.6, 95% CI 0.4, 0.9). The associations between perceived
social support, emotional social support, and reciprocity and PTD also differed
significantly by SES (p =0.05, p<0.01, p=0.06, respectively.

Low SES women who reported higher perceived social support and reciprocity
had decreased odds of PTD compared to low SES women who did not, although this was
marginally significant (OR 0.9, 95% CI 0.8-1.0; OR 0.9, 95% CI 0.8-1.0, respectively).
The association between emotional social support and PTD was not statistically
significant for middle SES (OR 0.8, 95% CI 0.3-2.2) or low SES women (OR 0.6, 95%
C10.3-1.3)” (Zamani-Hank et al., 2022, p. 250).8!

2.7.4 Discussion on Findings from the POUCH Study (Zamani-Hank et al., 2022)8!
In discussion of our findings regarding protective factors, race/ethnicity, and SES, Zamani-Hank
et al. (2022) provided the following synthesis:

“While our study found that White women reported higher levels of all protective
factors—with the exception of religiosity—compared to Black women during pregnancy,
our findings are not consistent with those of Jesse et al. (2005) who found that African

American women in rural prenatal clinics had higher self-esteem, religiosity, spirituality,
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and social support compared to Caucasian women.**° On the other hand, in a sample from
an urban prenatal clinic, Jesse et al. (2009) found that African American women had
lower self-esteem, higher social support from others, and comparable levels of partner
social support compared to Caucasian women. !4

Discrepancies between our findings and those of previous work may be due in
part to differences in study population (e.g., urban vs. rural; low-income vs. general),
sample size, different types of social support assessed, context in which social support is
assessed (e.g., coping with a health condition vs. caregiving), and methods of assessing
protective factors.'42

In addition, our findings suggested a gradient effect, whereby high SES women
reported the highest levels of protective factors, followed by middle SES women who
reported intermediate levels of protective factors, and low SES women who reported the
lowest levels of protective factors. Women from lower socioeconomic backgrounds may
have fewer social support networks from which to obtain resources, compared to high
SES women. 43

Our finding of higher religiosity among Black women compared to White women
concurs with literature on the importance of religion as a coping mechanism and source
of comfort within the Black community, especially for Black women.'3*144-147 Chatters et
al. (2008) state, “...Religious orientations and strategies are an especially prominent and
robust component of the coping repertoires of African Americans who are more likely
than their Whites to report their use in response to a variety of problems and contexts
including health issues, caregiving burdens, chronic poverty, poor neighborhood

conditions, structural exclusion, and interpersonal and structural racism” (p. 373).13
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Moreover, religiosity may be an important source of support for Black women especially
in the face of life stressors. 134135146148

Pregnancy represents a significant period of change for women during which
spirituality may play an important role in conferring support and comfort.4%%° In our
study, although religiosity was asked during pregnancy, it was assessed as a general
question, not specific to the prenatal period. Future research using a longitudinal
approach is needed to better contextualize the role of religiosity and/or spirituality in the
lives of reproductive-aged women, including whether findings differ according to
race/ethnicity” (Zamani-Hank et al., 2022, p. 251).

In addition, Zamani-Hank et al. (2022) provided the following analysis of their findings
regarding protective factors and PTD:

“We found that the specific set of protective factors linked to a reduction in PTD
differed by race/ethnicity and SES, although most odds ratios only approached statistical
significance. Religiosity was associated with an approximately 40% reduction in the odds
of PTD for low SES women and Black women, consistent with previous studies
supporting the protective influence of religiosity on health-related outcomes- including
PTD, depression from HIV-related stigma, diabetes, and hypertension- among Black
Women.135'148'151'152

Religiosity is also hypothesized to serve as a buffer against the adverse
circumstances associated with poverty among low-income populations.**” Specifically,
“Higher levels of religiosity may provide a pathway out of multi-problem behavioral
patterns that can accompany limited resources by promoting better coping mechanisms

for economic instability and stress....” (Joshi et al., 2009, p. 2).3” For example,
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religiosity has been linked previously with reduced risk of smoking, improved positive
well-being and health behaviors, self-efficacy, and decreased risk of depression among
low-income women. 13’

Religiosity also has been associated with positive health behaviors during
pregnancy including good nutrition, and abstaining from alcohol, smoking, or substance
use.?>3 1% Previous POUCH studies also found that women with highest levels of stress
hormones during mid-pregnancy had significantly elevated risk of spontaneous PTB
compared to women with lowest levels of stress hormones.*>® Furthermore, women who
reported higher levels of hostility and anomie during mid-pregnancy had increased risk of
PTD in the POUCH study.'®" Thus, religiosity and/or spirituality may protect against the
risk of PTD through potential buffering of environmental, physiological, and
psychosocial stressors.

Moreover, religiosity has been associated with upward mobility,**other potential
pathway between religiosity and lower PTD risk. Women in the POUCH study who
experienced upward socioeconomic mobility from childhood to adulthood exhibited a
lower risk of PTD,*° as well as delivering a small-for-gestational age (SGA) infant.1®°
Upward social mobility may serve to decrease a woman’s risk of PTD by reducing the
body’s “wear and tear” in the context of allostatic load,*®® and/or by conferring greater
access to certain resources (health care, recreational facilities, education).

The findings of previous research on the impact of social support on PTD among
low SES women are mixed.*111 Among an urban sample of low-income Black non-
Hispanic women, emotional social support was associated with significantly reduced

odds of preterm birth, but socializing social support, instrumental social support, and
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interactive social support were not.*®* However, among a sample of low-income pregnant
women from a rural health clinic, social support was not significantly associated with
preterm birth. 14!

Nevertheless, having neighbors who can lend help in times of need, as assessed
by neighborhood reciprocity, can contribute to one’s perceived levels of social
support, 62163 and thus influence pregnancy outcomes.’® Furthermore, the quality of a
neighborhood environment, including safety, social and physical disorder, and
walkability, impacts the prevalence of depression and perceived stress levels during
pregnancy,*%* both of which represent risk factors for PTD.% Positive aspects of a
neighborhood, including reciprocity and social cohesion, buffer against depression
specifically among women,®® highlighting the importance of community-level protective
factors on women’s health outcomes.

Thus, our finding that reciprocity buffers against PTD among low SES women
may suggest possible mediating mechanisms through its impact on pregnant women’s
mental health and perceived stress levels” (Zamani-Hank et al., 2022, pp. 251-252).8

Finally, Zamani-Hank et al. (2022) concluded that,

“Overall, our findings suggest that the specific set of protective factors that buffer
against adverse birth outcomes like PTD may differ among women by race/ethnicity and
SES, a finding that corroborates previous research.**! On the other hand, among all
women, we did not find that protective factors at the individual, interpersonal, or
neighborhood levels were independently associated with PTD. The “protective” aspect of
protective factors on health outcomes may not become manifest unless adversity is

presented.**11> Indeed, Margerison-Zilko et al. (2017) found that certain types of
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adversity, specially childhood sexual abuse, was associated with increased risk of PTD in

the POUCH cohort'®” (Zamani-Hank et al., 2022, p. 252).8!

Informed by my preliminary findings in Zamani-Hank et al. (2022),8! my dissertation
incorporates a specific measure of adversity, adverse childhood experiences, to determine
whether two types of protective factors, religiosity and spirituality, moderate the association
between adverse childhood experiences and PTD risk.

2.7.5 The role of religiosity and spirituality in pregnancy and birth outcomes

The majority of studies that have examined religiosity and spirituality (hereafter, “R/S”)
in the context of pregnancy and reproductive health have focused on the impacts of R/S on
mental health during pregnancy,‘®® mental health during the postpartum period,*®’ health
behaviors during pregnancy like tobacco use and substance use,'®® contraceptive use,*% and risky
sexual behaviors.*®® Most of these studies have focused on either religiosity or spirituality and
often do not make distinctions between religiosity and spirituality. More importantly, there is a
dearth of empirical literature on the influence of R/S on birth outcomes.

Indeed, | found only one, outdated, published empirical study that examined the effects of
religiosity on birthweight. In a study of n=6566 pregnant women in the Mater-University of
Queensland Study of Pregnancy (MUSP), Najman et al. (1988) found that women who were
members of 13 Christian religious sects (i.e., Mormon, Assembly of God, Brethren) had
significantly higher mean birthweights (adjusted for maternal age, parity, marital status, and
income) than Christians who did not attend church frequently (p<.001), but this significance
disappeared once the means were additionally adjusted for cigarette and alcohol use.1®

Furthermore, a PubMed search of religiosity and preterm birth yielded only six findings

as of June 2022, only one of which examined the impacts of R/S on preterm birth. In a study of n
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=91 low-income Mexican-immigrant women from a prenatal clinic in Texas, Page et al. (2021)
found that frequency of prayer and level of religiosity significantly increased the odds of PTB,
contrary to their hypothesis.*’* In addition, a PubMed search of spirituality and preterm birth
yielded 26 findings as of June 2022, of which only one study examined R/S and preterm birth-
the same study of Page et al. (2021).1"* These search results convey the critical gaps in the
literature regarding research that assesses the impacts of religiosity and spirituality on PTB,
which my dissertation addresses.

While most of the studies in the literature do not distinguish between religiosity and
spirituality and often use the terms interchangeably,*’>17* it is important to understand their
differences. While religiosity and spirituality are related concepts, and, hence, often denoted as
“R/S” in the literature, there are distinctions in their respective definitions.}’#1'6 Religiosity (or
sometimes known as religiousness in the literature) has been defined as, “the degree which an
individual believes, follows, and practices a religion” (Damiano et al., 2019, p. 5).1"* Religion is
“defined as a personal set or institutionalized system of religious attitudes, beliefs, and practices,
and is the service or worship of God or the supernatural” (Victor and Treschuk, 2020, p. 107).172
Spirituality is generally a broader concept and encompasses the process of finding meaning and a
sense of peace in life.1’2174178 |t has been formally defined as, “...a dynamic and intrinsic aspect
of humanity through which persons seek ultimate meaning, purpose, and transcendence, and
experience relationship to self, family, others, community, society, nature, and the significant or
sacred. Spirituality is expressed through beliefs, values, traditions, and practices (Puchalski et al.,
2014, p. 646).”*"7 Hence, if one identifies as being spiritual, they may not necessarily identify as

being religious, and vice versa.}”
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Because of these distinctions in definition, it is important to assess whether religiosity
and spirituality may exert their effects differently on health outcomes. Therefore, in this body of
work, | address these literature gaps by examining religiosity and spirituality separately, while
also examining an aggregate R/S variable comprising questions pertinent to both constructs.

While studies demonstrate that religiosity and spirituality can be relied on by parents as
sources of strength in the face of traumatic pregnancy and birthing experiences (i.e., pregnancy
loss, stillbirth, NICU),178-18 my PubMed search of “religiosity and preterm birth and adverse
childhood experiences” as well as “spirituality and preterm birth and adverse childhood
experiences” yielded 0 results as of June 2022, underscoring that research on the relationship
between ACEs, preterm birth, and R/S is a major gap in the literature that my dissertation
addresses.

Our findings from Zamani-Hank et al. (2022) highlight the importance of assessing
religiosity as a potentially important protective factor against PTD for pregnant women,
particularly for Black women and women with low SES.8* However, as discussed in Zamani-
Hank et al. (2022), the full “protective” effects of a protective factor on PTD may not become
manifest unless adversity is encountered.®! Therefore, to comprehensively assess the effects of
R/S on PTD in the context of a specific stressor, my dissertation incorporates a measure of
adversity (i.e., ACEs) to determine whether religiosity and spirituality moderate the association
between adverse life experiences and PTD risk.

Research Gaps: There are few published studies in the literature which have examined the
effects of R/S on birth outcomes and no studies, to my knowledge, which have examined the

relationship between ACEs, R/S, and PTD, let alone differences by race and SES. Furthermore,
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the studies which do examine religiosity and spirituality in the context of pregnancy do not
distinguish between religiosity and spirituality, even though they have important distinctions.
2.8 Summary of Outstanding Gaps in the Literature
While foundational research has demonstrated that ACEs can negatively impact

pregnancy health and birth outcomes and that R/S can serve as important protective factors for
health-related outcomes, few studies have 1) used interdisciplinary theoretical frameworks across
social epidemiology and developmental psychology to analyze how ACEs may impact PTD 2)
assessed the influence of ACEs on PTD by race and socioeconomic status subgroups using
diverse, national samples 3) assessed whether specific ACEs, or co-occurring patterns of certain
ACEs, may exert greater detrimental effects on PTD risk than others and 4) examined the
relationship between religiosity, spirituality, ACEs, and PTD. These gaps prevent a complete
understanding of how the interplay between adverse life experiences and protective factors may
influence disparities in PTD, undermining our ability to development effective interventions.
2.9 Specific Aims of this Dissertation

Acknowledging these gaps in the literature while building upon the important contributions
of previous research, the overall goal of this dissertation is to investigate the relationship
between adverse childhood experiences, preterm delivery, and two types of potential protective
factors (religiosity and spirituality) in a large, longitudinal sample of women using a health
equity framework and lifecourse approach. | will address this goal through three specific aims:

1. Determine the association between specific adverse childhood experiences and odds

of PTD and evaluate whether this relationship differs across race and SES.
2. ldentify subgroups of women characterized by early life patterns of ACEs and

determine the association between subgroup membership and odds of PTD.
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3. Examine the role that potential protective factors (i.e., religiosity and spirituality)
play in the association between adverse childhood experiences and odds of PTD, and

whether these factors operate differently by race and SES.
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CHAPTER 3: METHODOLOGY
3.1 Conceptual Framework

The conceptual framework of the hypothesized relationships between adverse childhood
experiences, PTD, and covariates guiding this dissertation work is depicted in Figure 1 below.
Specifically, I hypothesize that adverse childhood experiences will be associated with increased
odds of PTD among women overall, controlling for race and childhood socioeconomic status,
which | conceptualize as potential confounders in the relationship between ACEs and PTD
(Figure 1). Next, | hypothesize that two types of potential protective factors, religiosity and
spirituality, will modify the association between ACEs and PTD (Figure 1). Finally, I
hypothesize that the relationship between ACEs and PTD will differ in stratified analyses by race
and SES subgroups, and that the degree to which the potential protective factors modify the
association between ACEs and PTD will also differ within race and SES subgroups. Thus,
because my approach is also to examine whether this exposure outcome relationship differs by
stratified analyses of race and SES, I also consider race and SES as potential modifiers.

Furthermore, theory and literature suggest that the experience of adverse events during
childhood can subsequently impact age of menarche, age at which women give birth (i.e.,
maternal age), parity, social relationships including marital status, adverse health behaviors (i.e.,
risky sexual activity, smoking, alcohol use), mental health, as well as socioeconomic status in
adulthood, 163279107181 g of which can influence the risk of PTD. Therefore, | conceptualize
these variables as mediators in the pathway between ACEs and PTD (Figure 1), and | do not

control for them in my analyses.
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C KEY

X: Exposure U: Mediators

Adverse childhood experiences
Sociodemographic

M Y: Outcome Maternal education
PTD Maternal occupation
Maternal income
C: Confounders Maternal age
Race Marital status

X

Childhood socioeconomic

status Health Behaviors
Alcohol use, smoking
M: Effect Modifiers Risky sexual activity

U Religiosity

/

Spirituality Mental health conditions

R/S Depression, anxiety

Race

Childhood SES Physiological & reproductive

characteristics
Early age at menarche
Parity

Figure 1. Conceptual diagram of the hypothesized relationships between adverse childhood experiences, PTD, and covariates.
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3.2 Study Design

| used data from the National Longitudinal Study of Adolescent to Adult Health (Add
Health; 1994-2018), a nationally representative longitudinal cohort study of adolescents initiated
in 1994 by the University of North Carolina at Chapel Hill and funded by the NIH National
Institute of Child Health and Human Development. 182

The main objective of this prospective study was to utilize a life course framework to
study the diverse biomedical, behavioral, environmental, and psychosocial influences on the
health outcomes and behaviors of adolescents and their development in adulthood.'®>18 Add
Health consists of five waves of longitudinal follow-up of adolescents in grades 7-12 (ages 12-
19) who were recruited at study initiation in 1994: Wave | (1994-1995), Wave Il (1996), Wave
[11 (2001-2002), Wave 1V (2008), and Wave V (2016-2018) and includes in-school, at-home,
and parental components of the survey administration,182183

Add Health used a school-based, multistage sampling method, whereby the primary
sampling unit consisted of schools and the secondary sampling unit consisted of students from
those schools.®® The sampling frame consisted of n = 80 U.S. high schools identified in Quality
Education Database.®® Each high school was paired with a respective “feeder” middle school,
from which students went on to attend the identified high school.!® This resulted in a sampling
frame of over 100,000 students and parents contacted to participate in Wave | (1994-1995).183
Due to the stratified, clustered sampling design of Add Health which oversampled for specific
populations (i.e., not all participants had an equal probability of selection),'8 | applied survey
weights to all analyses.

A total of n=90,118 students from grades 7-12 (aged 12-19 years), for whom parental

consent was granted, participated in the in-school questionnaire component of Wave 1.18183 A
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sample of students (n=20,745) were then selected to participate in at-home interviews.'8 A
summary of the target population, source population, and study population of Add Health is

illustrated in Figure 2.

Target Population

All adolescents in the U.S., 12-18 years old

Source Population

Students attending middle and high schools
identified from the Quality Education Database

N> 100,000

Figure 2. Summary of the target population, source population, and study population of Add
Health (1994-2018)83

Add Health questionnaires were administered via computer-assisted personal interview
(CAPI) and Audio Computer-Assisted Self Interview (ACASI) techniques in Waves I-1V, which
have been found to increase data quality of self-reported data, particularly in regard to sensitive
information.'®318 A mixed-mode method was adopted in Wave V due to reduced funding, which
comprised primarily of self-administered web and mail questionnaires, as well as in-person
interviews.'8? Non-responders were followed up in-person and via phone in Wave V.82 Add
Health has demonstrated high response rates (>80% of participants in Wave 1V from the original

sample) which compare favorably with other national longitudinal surveys which have multi-
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year gaps between waves of data collection.*®? For example, the Midlife in the United States

Survey had a response rate of 75% in the 2004-2006 wave of data collection.8

3.3 Study Population and Inclusion Criteria

Of the 20,743 adolescents enrolled in Wave I, | restricted my analytic sample to female
adolescents enrolled in 1994-1995 during Wave | who had a pregnancy that ended in a live birth
by 2018 and reported data on preterm delivery for the first birth in Wave V (See Figure 3). Thus,
after excluding male adolescents from my sample (n=10,263) and female adolescents who did
not have a pregnancy that ended in a live birth by 2018 (n=6,446), | arrived at my reference
population of n=4,034 (Figure 3). After removing female adolescents who did not report
information on PTD for the first birth (n=71) in Wave V and female adolescents who were
missing data on any weighting variables (n=66) or race (n=13), | arrived at the final analytic
sample of n=3,884 used in Chapters 5 and 6. After removal of female adolescents with missing
data on ACEs (n=117), | arrived at the final analytic sample of n=3,767 used in Chapter 4. A
summary of the target population, reference population, and study sample of this dissertation
study are summarized in Figure 4. While | acknowledge that not only those who identify as
women may be able to give birth, the dataset solely captures the biological sex categories of
male and female, preventing us from disaggregating gender from sex.

The analytic sample size in Chapter 4 differs from that of Chapters 5-6 due to application
of the full-information maximum likelihood approach to address observations with missing data.
Full-information maximum likelihood (FIML) is a method used in structural equation modeling
(i.e., latent class analyses) to account for observations with missing data on the variables (i.e.,
indicators) used to inform the latent class.*®” FIML was applied to the latent class analyses

conducted in Chapters 5 and 6 to account for the observations with missing data on the ACEs
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(n=117). Therefore, these observations did not need to be removed from the sample for these
chapters. However, as FIML cannot be implemented in SAS for logistic regression models,*88

FIML was not applied to the dataset for Manuscript 4.

Exclusion Criteria

N=20,743
) N = 10,263 male adolescents
N=10.480 N = 6,446 female adolescents who
e (id not have a pregnancy that ended
in a live birth by 2018.
N=4,034
—— N =71 female adolescents who did
not report data on PTD for the first
N=3963 birth in Wave V
— N = 66 female adolescents with
missing data on any weighting
N=3,897 variables
I
N = 13 female adolescents with
N=3,884 missing data on race
m—) ] = 117 female adolescents with
missing data on ACEs
N=3.767 £

Figure 3. Analytic sample derivation used to assess the association between adverse childhood
experiences (ACEs) and PTD among women in the National Longitudinal Study of Adolescent

to Adult Health (1994-2018).
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Target Population

Women of childbearing age in the U.S. (18-44)
who have a pregnancy with a live birth

Source Population
Female adolescents who participated
in Wave | and had a pregnancy that ended in a
live birth by 2018 (n = 4,024)

Figure 4. Summary of the target population, source population, and study population of this
dissertation study using the National Longitudinal Study of Adolescent to Add Health (1994-
2018)

To evaluate whether removal of observations with missing data on key variables in the
two analytic samples significantly changed the distribution of variables between the analytic
samples and the reference population (and therefore introducing the potential for bias), |
conducted a descriptive assessment of bias (Table 1). Because the distribution of the variables
was not significantly different between each of the analytic samples, respectively, and the
reference population, the likelihood of systematic bias was deemed low, which strengthens the

internal validity of my findings.
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Table 1. Assessment of bias between the reference population and two analytic samples on sociodemographic and health-related

characteristics among women in the National Longitudinal Study of Adolescent to Adult Health (1994-2018).

Reference Population
(Women with live birth

Manuscripts 2 & 3
Analytic Sample

Manuscript 1
Analytic Sample

pregnancies) Max N = 3,884 Max N = 3,767
Max N = 4,034
N (Wt%) N (W1t%) N (Wt%)

Race

White 2346 (68.1) 2297 (68.7) 2226 (68.5)

Black 773 (14.6) 723 (14.4) 702 (14.4)

Hispanic 538 (10.5) 517 (10.3) 502 (10.4)

Asian 205 (2.9) 197 (2.9 194 (3.0)

Pacific Islander 35 (0.5) 32 (0.5) 29 (0.5)

American Indian or Alaska Native 93 (2.4) 89 (2.4) 86 (2.4)

Other 31 (0.8) 29 (0.8) 28 (0.8)
Socioeconomic status (SES)

Low 513 (12.6) 487 (12.5) 473 (12.7)

Middle 2476 (61.0) 2382 (61.1) 2309 (61.1)

High 1045 (26.4) 1015 (26.4) 985 (26.2)
Marital Status

Missing 356 (8.7) 324 (8.2) 314 (8.0)

Married/Cohabiting 2986 (75.3) 2893 (75.7) 2807 (76.0)

Not Married/Cohabiting 692 (16.0) 667 (16.1) 646 (16.0)
Maternal age at time of delivery (years)

Missing 229 (6.2) 198 (5.4) 190 (5.0

<19 597 (14.5) 562 (14.5) 537 (14.3)

20-24 1090 (28.3) 1048 (28.2) 1021 (28.3)

25-29 1043 (24.6) 1021 (24.9) 996 (25.1)

30-34 818 (20.2) 807 (20.7) 783 (20.8)

>35 257 (6.1) 248 (6.2) 240 (6.1)

Preterm Delivery (PTD)
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Table 1 (cont’d).

Yes 520 (11.6) 514 (11.8) 501 (11.7)
Adverse Childhood Experiences (ACES)
Sexual abuse 225 (6.2) 217 (6.3) 212 (6.2)
Physical abuse 765 (20.1) 738 (20.2) 721 (20.4)
Emotional abuse 1865 (47.6) 1793 (47.7) 1750 (48.2)
Neglect 1674 (42.0) 1614 (42.3) 1585 (42.8)
Family Member suicide attempt or death 229 (6.1) 216 (6.1) 209 (6.0)
Foster care placement 94 (2.7) 90 (2.7) 87 (2.7)
Protective Factors Mean (SE) Mean (SE)
Religiosity 1.4 (.02) 1.4 (.02) NA? NA?
Spirituality 1.5 (.02) 1.5 (.02) NA? NA?
R/S 10.4 (.06) 10.4 (.06) NA? NA?

YVariables not assessed in Manuscript 1
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3.4 Measures
3.4.1 Exposure

| assessed six adverse childhood experiences (ACES) as my primary exposure variables
(Table 2). ACEs were self-reported retrospectively by female study subjects across Waves I, 111
and IV (Table 2). | examined three main categories of ACEs, including abuse (including sexual,
physical, and emotional), neglect, and household dysfunction (attempted suicide or death by
suicide of family members, foster care placement). The selection of these ACEs was guided by
the ‘conventional ACEs’ included in the original ACE study by the CDC and Kaiser
Permanente,®17 as well as the list of ‘expanded ACEs.”®®

Physical abuse, sexual abuse, and emotional abuse (one question each) were modeled as
binary variables (yes/no) based on frequency of occurrence; if the reported frequency was > 1, it
was operationalized as “yes,” and “no” if the reported frequency was 0. Foster care placement
was also modeled as binary (yes/no) based on incidence of occurrence.

Neglect was assessed as a composite of three questions and modeled as a binary variable
(yes/no) based on frequency of occurrence: If the reported frequency was > 1, it was
operationalized as “yes,” and “no” if the reported frequency was 0, for each question
respectively. If a participant answered “yes” to any of the 3 questions, they were categorized as
“yes” to having experienced neglect, and “no” if otherwise.

Suicide by family members was assessed via two questions pertaining to suicide attempt
or death by suicide of family members and modeled as binary (yes/no): if the respondent
answered “yes” to either question, they were categorized as “yes”, and “no” if otherwise. While
the original Add Health survey question used the phrase “successful suicide,” I use the language

“death by suicide” in accordance with changing protocols to avoid stigmatizing language such as
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“successful suicide.”'8%1% Table 2 provides detail on all six ACEs, period of data collection,

survey questions, and operationalization.
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Table 2. Adverse childhood experiences assessed in the National Longitudinal Study of Adolescent to Adult Health (1994-2018)*

ACEs Period of data Survey questions Operationalization
collection
Abuse
Physical Wave IV Before your 18" birthday, how often did a parent or adult Yes/No
caregiver hit you with a fist, kick you, or throw you
down on the floor, into a wall or down stairs?
Sexual Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver touch you in a sexual way, force you to
touch him or her in a sexual way, or force you to have
sexual relations?
Emotional Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver say things that really hurt your feelings or
made you feel like you were not wanted or loved?
Neglect Wave II1 By the time you started 6 grade, how often had your Yes/No

parents or other adult caregivers left you home alone
when an adult should have been with you?

How often had your parents or other adult caregivers not
taken care of your basic needs, such as keeping you clean
or providing food or clothing?

How often had social services investigated how you were
taken care of or tried to take you out of your living
situation?

Household Dysfunction
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Table 2 (cont’d).

Suicide Wave | Have any of your family members tried to kill Yes/No
themselves during the past 12 months?

Have any of your family members succeeded in killing
themselves during the past 12 months?
Foster care placement Wave IlI Did you ever live in a foster home? Yes/No

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD), with cooperative funding from 23 other federal agencies and foundations. Add Health is currently
directed by Robert A. Hummer and funded by the National Institute on Aging cooperative agreements U01 AG071448 (Hummer) and
UO01AG071450 (Aiello and Hummer) at the University of North Carolina at Chapel Hill. Add Health was designed by J. Richard Udry, Peter S.
Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill. Information on how to obtain the Add Health data files is
available on the Add Health website (https://addhealth.cpc.unc.edu). No direct support was received from grant P01-HD31921 for this project.
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3.4.2 Outcome

The primary outcome of interest was preterm delivery (PTD), defined as a birth occurring
before 37 weeks of gestation. PTD was modeled as a binary variable (yes/no) based on women’s
self-reported information in Wave V based on the question “Was this baby born preterm?”.
Research demonstrates that the accuracy of gestational age data collected by maternal recall
compares favorably to data obtained by medical records or birth certificates.911%2
3.4.3 Covariates

Race/ethnicity. (White, Black, Hispanic, Asian, Pacific Islander, American Indian/Alaska
Native, Other) was collected via self-report on the Wave V survey questionnaire. If a respondent
reported multiple races, they were asked to indicate the racial group with which they best
identified in a follow-up question. In this study, | define race as, “...a social classification based
on phenotype that governs the distribution of risks and opportunities in our race-conscious
society” (Jones, 2001, p. 300).1% While race is a social construct and has no basis in biology or
genetics, it can carry substantial physiological and psychosocial implications for the health and
well-being of individuals and communities.193-1%

Furthermore, to promote grammatical justice and equity in reference to race,**’ | use
intentional capitalization for all racial subgroups throughout the writing of this dissertation:
“Black,” “White,” “Hispanic,” “Asian,” “Pacific Islander,” and “American Indian/Alaska
Native.”*®” In addition, while I use six broad categories of race in this study, it is important to
recognize that each group has considerable within-group heterogeneity and comprises diverse
nationalities and ethnicities.

Socioeconomic status (SES). | used childhood SES, as opposed to adulthood SES, to

measure socioeconomic status for study respondents, based on my conceptual framework as
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previously discussed (Figure 1). Following the method developed by Slaughter-Acey et al.
(2016), I captured SES as a composite construct of six indicators including mother’s occupation,
father’s occupation, mother’s education, father’s education, annual household income, and
receipt of public assistance (Table 3).1%° Each of these measures were converted into binary
variables where 0 represented “low SES” and 1 represented “high SES”.*%° Missing data on any
of these variables were categorized as “low SES.”*®° The scores for each of the six variables
were then summed to create a composite SES variable with values ranging from 0 to 6. Based on
the distribution of scores of the composite SES variable, three categories of SES were created:
low (where score < lowest quartile (Q1) where Q1 = 2), middle (score > 2" quartile (Q2) and <

3" quartile (Q3) where Q2=2; Q3=3), and high (score > upper quartile (Q4) where Q4 = 3).16°
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Table 3. Socioeconomic variables from Wave | (1994) of the National Longitudinal Study of

Adolescent to Adult Health used to operationalize childhood socioeconomic status.*

Socioeconomic variables

Low SES (0)

High SES (1)

Maternal occupation
Paternal occupation

Sales worker (i.e., insurance
agent, store clerk)

Restaurant worker or personal
service (i.e., waitress,
housekeeper)

Craftsperson (i.e., toolmaker,
woodworker)

Construction worker (i.e.,
carpenter, crane operator)

Mechanic (i.e., electrician,
plumber, machinist)

Factory worker or laborer
(i.e., assembler, janitor)

Transportation (i.e., bus
driver, taxi driver)

Military or security (i.e.,
police officer, soldier, fire
fighter)

Farm or fishery worker
Other

None

Missing

Professional (i.e., doctor,
lawyer, scientist)

Professional (i.e., teacher,
librarian, nurse)

Manager (i.e., executive,
director)

Technical (i.e., computer
specialist, radiologist)
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Table 3 (cont’d).

Maternal education
Paternal education

Eighth grade or less

More than eighth grade, but
did not graduate from high
school

Went to a business, trade, or
vocational school

High school graduate
Completed a GED
Never went to school

Missing

Went to a business, trade, or
vocational school after high
school

Went to college, but did not
graduate

Graduated from a college or
university

Professional training beyond
a four-year college or
university

Gross household income
in 19942

<$32,000

Missing

>$32,000

Receipt of public assistance

Yes

Missing

No

!Operationalization informed by the Slaughter-Acey method (Slaughter-Acey et al., 2016)*%°
2Income threshold informed by the national gross median household income in the United States in 1994

(U.S. Census Bureau, 1996).1%

Religiosity & Spirituality. | assessed two types of potential protective factors, religiosity

and spirituality, as potential effect modifiers of the association between adverse childhood

experiences and PTD. While religiosity and spirituality are related concepts and often used

interchangeably or combined in the literature, they are distinct constructs with different

meanings.}’#1™1% In acknowledgment of these distinctions, | examined religiosity and

spirituality individually, as well as a combined spirituality and religiosity composite variable

(R/S) comprised of three items that examined aspects of both spirituality and religiosity (Table

4).

I modeled religiosity and spirituality (one question each) as continuous variables based

on a Likert scale of responses, with values ranging from 0 (not religious at all; not spiritual at all)
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to 3 (very religious; very spiritual), respectively (Table 4). I also developed a combined
religiosity and spirituality variable (R/S), modeled as continuous, based on the sum of the scores
across three questions which assessed both spiritual and religious beliefs. The values for this
composite variable ranged from 3-15, where a higher score indicated higher R/S. These measures
were collected during Add Health Wave 111 (2001-2002), when the women were young adults
(ages 18-26). Thus, these variables were assessed after the period during which the occurrence of
ACEs had already ended (before 18 years of age). See Table 4 for details on the assessment of
religiosity and spirituality variables.

A comprehensive visual summary of the Add Health waves of data collection, respective
ages of participants, and timing of assessment of all key variables in this dissertation is depicted

in Figure 5,182.183

59



Table 4. Religiosity and spirituality variables captured in Wave 111 (2001-2002) of the National

Longitudinal Study of Adolescent to Adult Health, 1994-2018.

Variable Item(s) in measure Possible responses Operationalization of
variable
Religiosity To what extent are you  0- Not religious at all Continuous (0-3);
a religious person? higher score means

1- Slightly religious higher religiosity
2- Moderately religious
3- Very religious

Spirituality To what extent are you  0- Not religious at all Continuous (0-3);

a spiritual person?

1- Slightly religious
2- Moderately religious

3- Very religious

higher score means
higher spirituality

Combined religiosity
and spirituality
variable

(R/S)

To what extent do you
agree with the
following statement?
Angels are present to
help or watch over me

1- Strongly disagree
2- Disagree

3- Neither agree nor
disagree

4- Agree

5- Strongly agree

To what extent do you
agree with the
following statement? |
employ my religious or
spiritual beliefs are a
basis for how to act and
live on a daily basis.

1- Strongly disagree
2- Disagree

3- Neither agree or
disagree

4- Agree

5- Strongly agree

To what extent do you
agree with the
following statement?
What seem to be
coincidences in my life
are not really
coincidences...l am
being led “spiritually”

1- Strongly disagree
2- Disagree

3- Neither agree or
disagree

4- Agree

5- Strongly agree

Continuous (3-15);
higher score means
higher
spirituality/religiosity

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD), with cooperative funding
from 23 other federal agencies and foundations. Add Health is currently directed by Robert A. Hummer
and funded by the National Institute on Aging cooperative agreements U01 AG071448 (Hummer) and

U01AG071450 (Aiello and Hummer) at the University of North Carolina at Chapel Hill. Add Health was
designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan Harris at the University of North
Carolina at Chapel Hill. Information on how to obtain the Add Health data files is available on the Add
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Table 4 (cont’d).

Health website (https://addhealth.cpc.unc.edu). No direct support was received from grant P01-HD31921

for this project.

Wave | (1994-1995)

Age of participants: Variables assessed:
12-19 years old Childhood SES, Suicide

Wave Il {1996)

Age of participants: Variables assessed:
13-20 years old None

Wave 11 (2001-2002)

Age of participants: Variables assessed: Religiosity, Spirituality,
18-26 years old R/S, Neglect, Foster care placement

Wave IV (2008-2009)

Age of participants: Variables assessed: Physical abuse, sexual
24-32 years old abuse, emotional abuse

Wave V (2016-2018)

’4'

Age of participants:

Variables assessed: Race, PTD
32-42 years old

Figure 5. Timeline of Add Health data collection (1994-2018), respective ages of participants

during each wave, and key Add Health variables assessed in this dissertation study.
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3.5 Analytic Strategy
3.5.1 Aim 1: Methodologic Approach for Manuscript 1
3.5.1.1 Assessment of Missing Data.

While over 5% of the observations were missing data on ACEs, race, PTD, and
weighting variables (n=267; 6.6%), the assessment of bias (Table 1) indicated that removal of
these observations did not significantly change the makeup of the analytic sample compared to
the reference population, lowering the likelihood of systematic bias, and increasing the internal
validity of my findings. Therefore, these observations were removed from the reference
population (n=3,897) to arrive at the final analytic sample of n=3,767 for Manuscript 1.
3.5.1.2 Descriptive Analyses

| conducted frequency procedures to derive the respective sample sizes and weighted
percentages for the analytic sample by race, SES, maternal age, ACEs, and PTD variables. To
assess statistically significant differences in the prevalence of PTD by race and SES, | used
survey weighted Wald chi-square tests (a = 0.05). To calculate the mean number of ACEs (mean
ACE score) in the overall sample and within race and SES subgroups, and whether the means
differed significantly across the groups, | used survey-weighted ANOVA procedures with Tukey
post-hoc pairwise comparison tests (significance level of a=0.05). To account for the stratified,
clustered sampling structure of Add Health, all analyses were weighted. All analyses for Aim 1
(Manuscript 1) were conducted using SAS software statistical package 9.4 (Cary, NC).
3.5.1.3 Regression Analyses

| conducted unadjusted and adjusted survey-weighted logistic regression analyses to
estimate the odds ratios (OR) for the association between six ACEs and PTD among women

overall, as well as stratified within race and SES subgroups. The adjusted logistic regression
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analyses for the overall sample of women controlled for both race and SES, while the adjusted
logistic regression analyses stratified by race were adjusted for SES, and the SES-stratified
analyses were adjusted for race. All six ACEs were included in each logistic regression model so
that the ACEs controlled for the effects of one another. The logistic regression models estimated
the odds ratios (OR) and their respective 95% confidence intervals (CI). I considered the odds
ratios to be statistically significant if the null value of 1.0 was not included in the 95%
confidence interval. If the upper or lower bound of the 95% CI of the odds ratio included the
value of 1.0, I considered this as approaching statistical significance.

Equation 1.1 depicts the logistic regression model specification for the association
between six ACEs and the log-odds of PTD, adjusting for race and SES as confounders. While
the logistic regression model estimates the log-odds (or logit) of PTD (Equation 1.1), I report
odds ratios throughout the manuscript for purposes of interpretability. White women and women
with high SES were the reference groups for race and SES, respectively, as these groups
represent the most privileged groups of women in the United States based on access to resources
such as education and financial assets.

(1.2) logit(Y;) = By + Bi(sexual abuse) + B,(physical abuse) + B;(emotional abuse) +
Ba(neglect) + Bs(suicide) + Bg(foster care placement) + B,(x;) + Bg(xg) + Bo(xg) +
BioX10 + P11X11 + P12X12 + P13X13 + L1aX14 Where Yi = I for PTB, and where ‘White’ is the
reference group for race and ‘High SES’ is the reference group for SES such that:

_ {1 if Black o {1 if Hispanic L {1 if Asian )
*7 =10 if not Black > *® = |0 if not Hispanic’ ™ ~ 0 if not Asian’

_ {1 if Pacific Islander ) _ {1 if AIAN ) _ {1 if Other )
10 =10 if not Pacific Islander * "t ~ 0 if not AIAN * *12 =10 if not Other’

_ {1 if low SES 1 if middle SES

*13 710 if not low SES » X14 = {O if not middle SES
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3.5.2 Aim 2: Methodologic Approach for Manuscript 2

3.5.2.1 Assessment of Missing Data

Less than 5% of the observations were missing data on PTD, race, and weighting
variables (n=150; 3.7%). The assessment of bias (Table 1) showed that removal of these
observations did not significantly change the composition of the analytic sample compared to the
reference population, indicating a low probability of systematic bias, and promoting the internal
validity of my findings. Therefore, this justified the removal of these observations with missing
data from the reference population (n=4,034), which resulted in the final analytic sample of
n=3,884 for Manuscript 2. As previously described, Full Information Maximum Likelihood was
applied to address observations with missing data on ACEs (n=117), and therefore these
observations were not removed from the analytic sample.
3.5.2.2 Application of Latent Class Analysis to Perinatal Epidemiology

To achieve Aim 2 of this dissertation work, | employed latent class analysis (LCA), a
type of structural equation modeling (SEM) that allows for the identification of underlying,
unobservable subgroups of individuals who exhibit similarities on certain characteristics within a
heterogeneous population.'8290-202 | CA also known as finite mixture modeling, reflects a
“person-centered” methodologic technique because it pays special attention to the similarities
and differences in individuals’ response patterns across various characteristics, as opposed to
variable-centered approaches, which aim to determine overall relationships between variables in
a population without necessarily paying attention to individual variability in those
relationships.2%02°1:203 person-centered methods are becoming increasing popular analytic
techniques in the social and behavioral sciences, especially in the context of developmental

research 200,201,203
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There are several limitations to the variable-centered approach that the person-centered
approach addresses. For example, a lack of attention to individual variability in the relationships
between variables is one of the primary methodological limitations of the variable-centered
approach.?%® To this point, Bogat et al. (2016) explain, “...rarely is it the case that models
generated using all subjects in a sample or population describe specific individuals or subgroups.
Researchers seldom decompose these models to examine possible subgroup differences” (p.
802).2%% Furthermore, a lack of a significant main effect discovered between variables does not
necessarily mean that underlying relationships do not exist across subgroups of the sample or
population,203204

As a case study example, in Zamani-Hank et al. (2022) we found that six types of
protective factors (self-esteem, mastery, religiosity, perceived, emotional, and instrumental social
support) were not significantly associated with preterm delivery in the overall sample of
pregnant women (i.e., there were no main effects).8! Based on these results only, one could
erroneously conclude that the examined protective factors are not protective against PTD among
all groups of women included in the study (White, Black, low SES, middle SES, and high SES).
However, upon looking at the interaction effects between protective factors and race and
socioeconomic status, respectively, a different relationship was observed. Namely, we found that
religiosity was associated with 40% lower odds of PTD among low SES women (OR 0.6, 95%
C1 0.4-0.9) and among Black women (OR 0.6, 95% CI 0.4-1.0).8! The key takeaway from this
study was that protective factors may not operate the same across all subgroups of women, a
conclusion that informed the development of this dissertation work to incorporate religiosity and

spirituality as potential protective factors to examine in the relationship between ACEs and PTD.
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However, while testing for interaction effects can be helpful in identifying differences in
relationships between variables across subgroups in the population, these methods are not
equipped to identify broader, underlying patterns in individuals’ responses to all variables used
in a study, particularly if using a large number of variables and a large sample size. To identify
patterns in responses in all variables in a study, one would need to analyze the entire matrix (i.e.,
a contingency table or cross-tabulation) of responses.®’

As an example, in this dissertation, | assess the latent construct of childhood adversity by
using six different binary indicators of ACEs. Because there are six ACE indicators and two
possible responses for each indicator (yes/no), the total number of possible response patterns in
the contingency table would be 2° = 64. In application of the example discussed by Collins &
Lanza (2010, pp. 25-26)'8" to my research, a table of example response patterns for the six ACE
indicators in my study is depicted in Table 5. It would take a great deal of time to assess the
response patterns for all of the n=3,884 women in my sample. Thus, the purpose of latent class
analysis is to assess the types of response patterns across all individuals in the sample, as well as
the frequency of individuals who report specific response patterns, to determine whether there

are underlying subgroups of individuals based on the pattern of these responses.'®’ This is one of

the primary advantages that latent class techniques offer.*’
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Table 5. Example response patterns across six ACE indicators of the latent class model for n=64

total response patterns.

Adverse Childhood Experiences

Sexual Physical Emotional Neglect Suicide Foster care
abuse abuse abuse placement
Response Yes No Yes Yes No No
pattern 1
Response Yes Yes Yes Yes Yes Yes
pattern 2
Response No No No No No No
pattern 3
Response Yes No Yes Yes No Yes
Pattern 64

While there is a growing body of literature applying person-centered approaches in
perinatal epidemiology,®%>°2% more perinatal studies would benefit from the application of
these techniques to acquire an enhanced understanding of the variation in, and interactions
between, diverse risk and protective factors that may impact persistent racial disparities in
adverse birth outcomes among women. Referencing this need for person-centered approaches in
perinatal epidemiology, Deichen Hansen (2021, p. 2)?% states,

“....although enthusiasm for holistic analyses have been embraced conceptually within

the perinatal health field, existing studies on racial disparities have largely been

characterized by variable-center approaches that fail to capture the complexity of
women’s lived experiences and that have led to a “‘fundamental mismatch” between the
field’s predominantly linear analytic methods (such as regression analyses) and the
desire to engage in person-centered work. In order to enhance public health’s capacity to
further promote equitable perinatal health outcomes, research must reflect the vast
heterogeneity among pregnant US women that contributes to variation in perinatal
health outcomes” (Deichen Hansen, 2021, p. 2).2%°

Elaborating upon these points by Deichen Hansen (2021), the varying prevalence of

adverse birth outcomes by race and socioeconomic status, as well as the wide array of

hypothesized physiological and psychosocial correlates of PTD and disparities in PTD, reflects a

67



high degree of variability or intra-group differences among women who give birth in the United
States.?® Therefore, methodological approaches which better account for this variability across
subgroups of women and aim to close the gap of this “fundamental mismatch” of methods in the
field of perinatal epidemiology are necessary (Deichen Hansen, 2021, p. 2).2%20¢ Therefore, in
this dissertation work I apply this person-centered approach using latent class analysis to
examine subgroup differences in a potentially important risk factor for disparities in PTD,
adverse childhood experiences, as well as subgroup differences in the relationship between
ACEs, potential protective factors, and PTD by race and socioeconomic status subgroups.
3.5.2.3 Conceptual Diagram and Selection of Indicators

Latent class analysis assumes that there are latent, or unobservable, homogeneous groups
within a heterogeneous population that cannot be directly observable but captured through
observable variables or characteristics, known as indicators.!8’ Latent class models assume that
indicators are determined by two factors: 1) the latent variable and 2) measurement error, which
is associated with each indicator.*®” Unlike standard regression methods, structural equation
models do not assume that variables are assessed perfectly; hence, the models account for errors
in measurement of the variables. 87207

Latent class models incorporate a key assumption called the local independence
assumption, which states that within a specific latent class, the observed indicators must be
independent of one another (Collins & Lanza, 2010, pp. 45-47).18” However, observed indicators
are allowed to correlate in the dataset overall.*®” This is depicted in my conceptual diagram in
Figure 6, as there are no arrows which connect the indicators to each other.

Informed by this latent class framework, six binary measures of ACEs were selected for

the latent class analysis: physical abuse, sexual abuse, emotional abuse, neglect, suicide attempt
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or death by a family member, and foster care placement. The selection of these ACEs was
informed by the literature on both conventional and expanded categories of ACEs."* Figure 6
depicts the path diagram of this hypothesized latent class model. All latent class analyses were

conducted using Mplus Version 8 (Muthén & Muthén, 1998-2017).208

V1 Y2 V3 Va Vs Ve

Figure 6. Path diagram of the six ACE indicators used to inform the latent class C in the National

Longitudinal Study of Adolescent to Adult Health (n=3,884), 1994-2018 where y1 (physical
abuse); y2 (sexual abuse); y3 (emotional abuse); y4 (neglect); y5 (attempted suicide or death by
family member(s)); y6 (foster care placement). The measurement error associated with each
indicator is denoted by el-e6.
3.5.2.4 Class Enumeration and Evaluation of Model Fit

Identifying the appropriate number of latent classes (i.e., a process called class
enumeration) is based upon evaluation of optimal model fit.8"2° As discussed by Collins and
Lanza (2010), optimal model fit is assessed by a combination of statistical criteria (i.e., fit
statistics) and parsimony (i.e., the simplicity of a model based on the number of parameters).18’

To identify the number of latent classes characterized by patterns of six adverse childhood
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experiences occurring before 18 years of age, | performed latent class analysis for discrete
outcomes using Mplus Version 8.2%8 To determine the best-fitting model across 2 through 4
classes, | compared values for the most commonly used fit statistics: entropy, Akaike
information criterion (AIC), Bayesian information criterion (BIC), consistent Akaike information
criterion (CAIC), sample size-adjusted Bayesian information criterion (ssBIC). The model that
exhibited the lowest overall values for these fit statistics was selected as the best-fitting model.

After selection of the two-class model with the best fit, | assessed two key parameter
estimates for the latent class model: 1) the latent class prevalences (denoted by gamma, y) and
the 2) item-response probabilities (denoted by rho, p).1®" These estimates were derived via
robust maximum likelihood estimation in Mplus.

The latent class prevalences refer to the estimated proportion of individuals assigned to
each latent class of the model, also known as class proportions or mixing probabilities.'®”?° The
sum of the prevalences (i.e., probabilities) across all latent classes is equal to one.!8” The item-
response probabilities, also known as conditional within-class probabilities, is the probability of
reporting a specific response (i.e., “yes” or “no” for the binary indicators), given that an
individual is in a specific latent class, known as latent class membership.8”21° The class with the
highest estimated prevalence (i.e., with the largest proportion of individuals in the class) was
designated as the reference class. Thus, the latent class model is primarily defined by the latent
class prevalences and the item-response probabilities, as depicted in Equation 1.2 (Collins &

Lanza, 2020, p. 41).187
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C J Rj
an o= Sl

c=1 j=1rjy
where P(Y=y) is the overall probability (P) of observing a pattern of responses (Y) equal to a
specific response pattern for a particular ACE indicator; X is the sum of all the latent class
prevalences (y) across the total number of latent classes (C); ¢ = the specific latent class (i.e.,

Rj I(yj=r]-)

latent class 1 vs. 2); H§=1 Hr]_=1 Pire is the conditional within-class probability where J =

total number of ACE indicators (i.e., 6); j = a specific indicator (e.g., neglect); rj =response to a
specific ACE indicator j (e.g., reporting “yes” to neglect); Pjrile is the probability of observing a
specific response (e.g., “yes” to neglect), given membership in a specific latent class c; |
represents an indicator variable for which the response pattern of a specific ACE (y;) is
equivalent to a specific value for that indicator (7;; i.e., 1 to indicate “yes” for neglect; and 0 to
indicate “no” for neglect). Equation obtained from Collins & Lanza, 2020, p. 41.%¥
3.5.2.5 Prediction of Latent Class Membership by Covariates

To evaluate whether latent class membership differs by two covariates of interest, race
and socioeconomic status, I implemented Vermunt’s three-step approach?!* using Mplus 82%. In
summary of the steps outlined by Bauer & Steinley (2020, p. 8.8-8.13), Step 1 of Vermunt’s
approach entails fitting the latent class model without the covariates of interest, while Step 2
performs modal class assignment, a classification process by which study participants are
assigned to the class for which they have the highest probability of belonging to (i.e., highest
posterior probability).?1%2'! |In addition to deriving class assignment, Step 2 also calculates log-
odds for the classification probabilities, which represent the classification error, or the degree to

which individuals are correctly placed in the class to which they truly belong.?10-211
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In Step 3, the modal class assignment is then treated as a proxy variable to represent the
latent class that each individual belongs to, while the logits derived from Step 2 are entered into
the model to indicate the error level associated with modal class assignment.?1%2!! Ultimately,
Step 3 provides the regression coefficients for regressing latent class on race and SES to assess
whether the likelihood of latent class membership differs by race and SES.?!? This step also
calculates the odds ratio, which represents, for an individual in a specific race or SES group, the
odds of being in one latent class compared to reference group (White women for race; high SES
women for SES).

Because the race and SES variables included more than two categories, dummy variables
were created to facilitate the interpretation of comparisons between groups. All latent class
models conducted in Mplus were survey-weighted. Equation 1.3 states the logistic regression
model specification for the prediction of latent class membership by race and SES, where race
and SES control for one another. Figure 7 illustrates the path diagram for the prediction of latent
class membership by race and SES.

(1.3) logit(Yy) = Bo + B1(x1) + B2(xz) + B3(xz) + Ba(xs) + Bs(xs) + Be(x6) + B7(x7) +
Bs(xg) where Yi = 1 for membership in class i and where ‘White’ is the reference group for race

and ‘High SES’ is the reference group for SES such that:

_ {1 if Black o {1 if Hispanic o {1 if Asian )
1700 if not Black > *2 10 if not Hispanic* *3 ~ 0 if not Asian’

_ {1 if Pacific Islander o {1 if AIAN L {1 if Other )
*4 =10 if not Pacific Islander 5 = |0 if not AIAN **6 =10 if not Other’

~ {1 if lowSES {1 if middle SES
*7 =10 if not low SES * 8 T 10 if not middle SES
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Figure 7. Path diagram for the prediction of latent class membership by two covariates, race and

socioeconomic status, in the National Longitudinal Study of Adolescent to Adult Health
(n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse); y3 (emotional abuse); y4
(neglect); y5 (attempted suicide or death by family members); y6 (foster care placement); e1-es
(measurement error for each indicator).
3.5.2.6 LCA with Distal Outcome Analysis

To evaluate whether class membership predicts the distal outcome of PTD, Vermunt’s
manual three-step approach was used,?!* as is required for models with discrete distal outcomes
with non-normal distributions.?'® The three-step approach for distal outcomes is identical to the
approach used in section 3.4.2.4 for assessing class predictors, except that in Step 3, a model
parameter constraint was added to assess whether the threshold of PTD differs across the
classes.?’® Because PTD is a binary variable and not a continuous variable, it does not exhibit a
mean, but a threshold, which is a log-odds parameter that is used to calculate the within-class

probability of the outcome.?*° The relationship between the probability of an outcome and the
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threshold parameter is depicted in Equation 1.4 (Bauer & Steinley, 2020, p. 7.4).2° A Wald test
was conducted to assess whether the thresholds of PTD differed significantly across classes (o =
0.05). Figure 8 depicts the conceptual diagram of the distal outcome analysis. The model
specification for the logistic regression between PTD and latent class membership is illustrated
in Equation 1.5.

(14) 6 = ﬁ where §jk is the probability of reporting “yes” to PTD for an individual in

class k, and vj« is the threshold parameter estimate (Bauer & Steinley, 2020, p. 7.4).21°

PTD L Distal
z; | Outcome

g / AN h ™ .
N,
/ AN N

e K 3 L 4 Y Y

Figure 8. Path diagram of the latent class distal outcome analysis of the association between

latent class membership and PTD in the National Longitudinal Study of Adolescent to Adult
Health (n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse); y3 (emotional
abuse); y4 (neglect); y5 (attempted suicide or death by family members); y6 (foster care
placement); z1 (PTD); e1-es (measurement error for each indicator)

(1.5) logit(Y:) = Bo+ Br(x1,:) + B2(x2) + B3(x3) + Ba(xy) + Bs(x5) + Bs(x6) + B7(x7) + Bs(xg) +
Bo(xg) Where Yi =1 for PTB, X1 = membership in class i, and where ‘White' is the reference group for

race and ‘High SES’ is the reference group for SES such that:
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_ {1 if Black L {1 if Hispanic L {1 if Asian .
*2 =10 if not Black > *3 T |0 if not Hispanic * ** ~ |0 if not Asian’

_ {1 if Pacific Islander L {1 if AIAN L {1 if Other )
*s =10 if not Pacific Islander * *6 ~ 10 if not AIAN **7 =0 if not Other’

_ {1 if low SES o {1 if middle SES
*8 =10 if not low SES **° T 10 if not middle SES

3.5.3 Specific Aim 3: Methodologic Approach for Manuscript 3
3.5.3.1 Assessment of Missing Data

Less than 5% of the observations had missing data on PTD, race, and weighting variables
(n=150; 3.7%). The assessment of bias (Table 1) indicated that removal of these observations did
not significantly change the representativeness of the analytic sample with regard to the
reference population. This indicates that there is a low probability of selection bias which
enhances the internal validity of the findings. Therefore, these observations were removed from
the reference population (n=4,034) to arrive at the final analytic sample of n=3,884 for
Manuscript 3. As previously described, Full Information Maximum Likelihood was applied to
address observations with missing data on ACEs (n=117), and therefore these observations were
not removed from the analytic sample.
3.5.3.2 Latent Class Moderation Analysis

To determine whether the association between latent class membership and PTD varied
across levels of three potential protective factors (religiosity, spirituality, and R/S, respectively),
| implemented a latent class moderation analysis using Vermunt’s manual three-step
approach.?1%2! Steps 1 and 2 are identical to the approaches previously described in Section
3.4.2. In Step 3, modal class assignment is designated as the proxy variable for latent class
membership and PTD is regressed on each respective protective factor in the overall model

statement as well as for each latent class statement. Unadjusted and adjusted models (controlling
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for race and SES) were conducted for the overall sample (n=3,884). In addition, I conducted
race-stratified analyses (adjusted for SES) and SES-stratified analyses (adjusted for race) to
determine whether the effect modification by potential protective factors of the association
between latent class membership and PTD differed within race and SES subgroups.

Because latent class membership cannot be treated as an independent variable on which
the outcome variable can be regressed in Mplus, effect modification by the respective protective
factors was inferred by examining whether the effect of PTD on religiosity, spirituality, and R/S,
respectively, differed significantly across the classes as informed by a Wald test (o = 0.05).
Because interaction effects are considered symmetric, if a variable M modifies the relationship
between exposure (X) and outcome (), then X also modifies the relationship between M and
Y .212 Therefore, if the Wald test provides evidence that the relationship between religiosity and
PTD differs significantly by latent class membership, this is statistically equivalent to stating that
the relationship between latent class membership and PTD differs by religiosity. While
statistically equivalent, my conceptual framework informs my conceptualization of religiosity,
spirituality, and R/S as effect modifiers, not latent class membership.

Based on the findings of the Wald Test, | conducted supplemental analyses to evaluate
the direction of the effect modification i.e., to evaluate how the probability of PTD differed
across the four levels of religiosity and spirituality in the overall sample as well as across the 12
levels of R/S (Manuscript 3). Supplemental analyses were not conducted for the race and SES
stratified models. Equation 1.6 depicts the model specification for the effect modification
analysis and Figure 9 depicts the conceptual diagram of the latent class moderation analysis.
(1.6) logit(Y;) = o+ Br(x1,) + B2 (x2) + B3 (xz * x2) + Baxs) + Bs(xs) + Be(x6) + B (x7) +

Bs(xg) + Bo(xg) + B1o(x10) + F11(x11)
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where Y; = 1 for PTB, x1 = membership in class i, x, = protective factor (i.e., religiosity, spirituality, R/S,
respectively), xs* x, = interaction term between class membership and protective factor; and where

‘White’ is the reference group for race and ‘High SES’ is the reference group for SES such that:

_ {1 if Black L {1 if Hispanic L {1 if Asian )
*4 =10 if not Black > > =10 if not Hispanic * *¢ ~ |0 if not Asian’
_ {1 if Pacific Islander L {1 if AIAN L {1 if Other )
%7 =10 if not Pacific Islander * *® = 10 if not AIAN * *® = 0 if not Other’
~ {1 if lowSES {1 if middle SES
*10 =10 if not low SES * 11 T 0 if not middle SES

Religiosity
Spirituality
R/S
M
i PTD L Distal
................................................... > z Outcome

/ N ™
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4 r | 4 h 4 4 F Y
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000606

Figure 9. Conceptual diagram of the moderation analysis of the association between latent class

membership and PTD by religiosity, spirituality, and R/S in the National Longitudinal Study of
Adolescent to Adult Health (n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse);
y3 (emotional abuse); y4 (neglect); y5 (attempted suicide or death by family members); y6
(foster care placement); z1 (PTD); e1-es (measurement error for each indicator); and M

represents each of the three potential protective factors, religiosity, spirituality, and R/S.
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3.6 Human Subjects Protection and Institutional Review Board Determination

This research project was determined exempt from human subjects research under 45
CFR 46.104(d) 4(ii) by the Institutional Review Board (IRB) at Michigan State University on
February 10, 2020 (Appendix Figure Al). Furthermore, our data-use agreement (DUA) to access
the restricted-use Add Health dataset to conduct this dissertation work was approved by the
Carolina Population Center at the University of North Carolina at Chapel Hill on April 16, 2020
(PI: Dr. Claire Margerison, Contract #02042001). The restricted-use dataset received from Add
Health is de-identified and therefore contains no names, IDs, addresses, or full dates to ensure
maximum protection for the study subjects. Per the DUA, annual progress reports were
submitted to Add Health and approved on May 12, 2022, and April 13, 2021.
3.7 Add Health Restricted Data Use Agreement and Contractual Acknowledgement

This research uses data from Add Health, funded by grant P01 HD31921 (Harris) from
the Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD), with cooperative funding from 23 other federal agencies and foundations. Add Health
is currently directed by Robert A. Hummer and funded by the National Institute on Aging
cooperative agreements U01 AG071448 (Hummer) and U01AG071450 (Aiello and Hummer) at
the University of North Carolina at Chapel Hill. Add Health was designed by J. Richard Udry,
Peter S. Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel

Hill.
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CHAPTER 4: RACIAL AND SOCIOECONOMIC DISPARITIES IN THE
ASSOCIATION BETWEEN ADVERSE CHILDHOOD EXPERIENCES AND PRETERM
DELIVERY

4.1 Introduction

Preterm delivery (PTD), which occurs when a baby is born earlier than 37 weeks of
gestation, constitutes a major child and maternal public health problem in the United States, with
stark racial and socioeconomic disparities in PTD which have existed for decades. Specifically,
the prevalence of PTD is highest among Black women, at 14.4% as of 2020, compared to 9.1%
for White women.? A disproportionate exposures to life stressors among women is hypothesized
as an important pathway through which the risk for PTD may be influenced.!1:15:92.94

Adverse childhood experiences (ACEs), or adverse life events occurring before age 18,
are a unique type of life stressor that have been associated with a multitude of adverse physical,
mental, and behavioral health outcomes.'®!’ Importantly, disparities in ACE prevalence also
exist by race and socioeconomic status.?®-3° Because adverse childhood experiences occur during
a sensitive period of childhood and adolescence, their occurrence is hypothesized to trigger a
series of physiological changes that may influence neuroendocrine, immune system, and
reproductive system functioning, and therefore future disease risk in adulthood. 3234365183

While there is a growing literature studying the impacts of ACEs on adverse reproductive
and pregnancy-related health outcomes among women,*®-213° there is an overall gap in the
literature of studies which have examined the impacts of ACEs on preterm delivery. While a
recent systematic review by Sulaiman et al. (2020) identified nine studies which have examined
the association between total number of ACEs and PTD, most of these studies did not 1) use
large, nationally representative datasets; 2) pay particular attention to examining whether the

impacts of ACEs on PTD risk differed across race and socioeconomic status subgroups using
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person-centered approaches nor did they 3) assess whether specific ACEs were associated with
higher risk of PTD than others, as most studies used a cumulative count of ACEs.8

Therefore, the overall goal of my study was to address these gaps in the literature by
determining the association between specific adverse childhood experiences and odds of PTD
and evaluating whether this relationship differs across race and SES using a nationally
representative sample of n=3,767 women from the National Longitudinal Study of Adolescent to
Adult Health (Add Health; 1994-2018). Specifically, my study aimed to 1) Examine whether
differences exist in the mean ACE score by race and socioeconomic status among women who
give birth and 2) Assess the association between six ACEs and PTD among women overall, as
well as within race and SES subgroups.
4.2 Methods
4.2.1 Study design, dataset, and study population

| used the National Longitudinal Study of Adolescent to Adult Health (Add Health), a
nationally representative longitudinal study of adolescents initiated in 1994 with the objective of
assessing the diverse health outcomes and health behaviors of adolescents in the United States
and to subsequently evaluate their health and development into adulthood.®? Add Health
comprises five waves of data follow-up: Wave | (1994-1995), Wave 11 (1996), Wave Il (2001-
2002), Wave IV (2008-2009), and Wave V (2016-2018) and includes in-school, at-home, and
parental components of survey administration.18183

Add Health used a school-based, multi-stage sampling design, whereby the primary
sampling unit consisted of schools and the secondary sampling unit consisted of students from
those schools.*®38 The final study sample consisted of 90,118 students for the in-school survey

component, of which, n = 20,745 students were selected to participate in the at-home survey
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component and to be followed up in all subsequent waves of follow-up (also known as the ‘core
sample’).1® The at-home survey administration, which is the primary focus of the current study,
employed computer-assisted personal interview (CAPI) and Audi Computer-Assisted Self-
Interview (ACASI) techniques for all questionnaires to enhance the validity of self-reported
data.183'186

After excluding male adolescents from our sample (n=10,263) and female adolescents
who did not have a pregnancy that ended in a live birth (n=4,034) by 2018, | arrived at my
reference population of n = 4,034 female adolescents (Figure 10). Next, | excluded female
adolescents who did not report data on PTD for the first birth in Wave V (n=71) and removed
observations with missing information on any weighting variables (n=66), race (n=13), and

ACEs (n=139), to arrive at my final analytic sample of n = 3,767 female adolescents (Figure 10).
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Exclusion Criteria

N=20,743
) N = 10,263 male adolescents
N=10,480 N = 6,446 female adolescents who
) id not have a pregnancy that ended
mn a live birth by 2018.
N=4,034

— N =71 female adolescents who did

not report data on PTD for the first
N =13.963 birth in Wave V

— N = 66 female adolescents with

missing data on any weighting

N=3,897

variables
N = 13 female adolescents with
N=23.,884 missing data on race
m—— N — 117 female adolescents with
N=3.767 missing data on ACEs

Figure 10. Analytic sample used to assess the association between ACEs and PTD in the National Longitudinal Study of Adolescent to

Adult Health (n=3,767), 1994-2018
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4.2.2 Measures

Exposure variables. | assessed adverse childhood experiences (ACES) as my exposure variable.

Specifically, I examined seven types of ACEs across three broad categories of ACEs: 1) abuse
(sexual abuse, physical abuse, emotional abuse), 2) neglect, and 3) household dysfunction
(attempted suicide or death by family members, foster care placement). The selection of these
ACEs was guided by the ‘conventional ACEs’ included in the original ACE study by the CDC
and Kaiser Permanente,!” as well as the list of ‘expanded ACEs.>®

| operationalized physical, sexual, and emotional abuse (one question each), and neglect
(based on a composite of three questions), by creating a binary variable based on the frequency
of occurrence: “yes” (1) for reported frequency of > 1, “no” (0) for reported frequency of 0.
Suicide was assessed as a composite based on two questions inquiring whether family members
have attempted to kill themselves or whether they “succeeded in committing suicide” in the past
12 months and modeled as a binary variable (yes/no). While the original survey question
included the phrase “successful suicide,” I use the language “death by suicide” in accordance
with growing calls in the field of psychology to avoid stigmatizing language such as “successful
suicide.”'891%0 Appendix Table B1 summarizes the six ACEs, the period of data collection,

survey questions, and operationalization for the current study.

Outcome variable. My primary outcome of interest is preterm delivery (PTD), defined as a
delivery that occurs before 37 weeks of gestation. PTD was collected by respondents by self-
report and modeled as a binary variable (Yes/No). Studies demonstrate that the accuracy of
maternal recall of gestational age compares favorably with data obtained from medical records or

birth certificates.191:1%2
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Covariates.

Race/ethnicity. (White, Black, Hispanic, Asian, Pacific Islander, American Indian/Alaska
Native, Other) was collected via self-report. If a respondent self-reported as multi-racial, a
follow-up question was asked to inquire about the racial category with which they best identified
with. In this study, | refer to race as, “...a social classification based on phenotype that governs
the distribution of risks and opportunities in our race-conscious society” (Jones, 2001, p. 300).1%
Race is not a biological construct but a social construct that can significantly impact people’s
health and well-being.%3-1% Furthermore, while I use six categories of race in this study, |
acknowledge that there is a diverse array of ethnicities and nationalities within each group.
Finally, throughout this paper, I intentionally capitalize the names for all racial subgroups to
promote language that enhances grammatical racial equity.t%’

Childhood socioeconomic status. Childhood SES was captured as a composite construct
of six indicators including mother’s occupation, father’s occupation, mother’s education, father’s
education, annual household income, and receipt of public assistance (Appendix Table B2).1%°
Guided by the method developed by Slaughter-Acey et al. (2016), each of these variables were
converted into binary variables where 0 represented “low SES” and 1 represented “high SES”®
Missing data on any of these variables were categorized as “low SES.”*®° The scores for each of
the six variables were then summed to create a composite SES variable with values ranging from
0 to 6.1%° Based on the distribution of scores of the composite SES variable, three categories of
SES were created: low (where score < lowest quartile (Q1) where Q1 = 2), middle (score > 2"
quartile (Q2) and < 3" quartile (Q3) where Q2=2; Q3=3), and high (score > upper quartile (Q4)
where Q4 = 3).1%0 Figure 11 depicts a summary of the Add Health waves of data collection,

respective ages of participants, and timing of assessment of all key variables in this study.?183
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Wave | (1994-1995)

Age of participants: Variables assessed:
12-19 years old Childhood SES, Suicide

"

Wave Il (1996)

Age of participants: Variables assessed:
13-20 years old None

Wave |l (2001-2002)

Age of participants: Variables assessed: Neglect, Foster care
18-26 years old placement

Wave IV (2008-2009)

Age of participants: Variables assessed: Physical abuse, sexual
24-32 years old abuse, emotional abuse

Wave V (2016-2018)

Age of participants: -
32-42 years old Variables assessed: Race, PTD

Figure 11. Timeline of Add Health data collection (1994-2018), respective ages of participants
during each wave, and key Add Health variables assessed in this study.
4.2.3 Statistical Analyses

I weighted all descriptive and regression analyses to account for the stratified, multistage
sampling design of the Add Health study. All analyses were conducted using SAS software

statistical package 9.4 (Cary, NC).
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Assessment of Missing Data. There were n = 267 total observations (comprising 6.6% of

the reference population sample size of n=4,034) which were missing data on PTD, weighting
variables, race, and ACEs. The assessment of bias (Appendix Table B3) indicated that exclusion
of these observations did not significantly change the makeup of the analytic sample compared to
the reference population with regard to exposure variables, outcome, and covariates. This
provides evidence that the likelihood for selection bias is low, which promotes the internal
validity of my findings. Therefore, these observations were removed from the reference
population (n=4,034) to arrive at the final analytic sample of n=3,767 for this study.

Descriptive analyses. Survey-weighted frequency and regression procedures were

conducted to calculate the means and frequencies for all variables of interest, respectively
(Tables 6 and 7). | conducted a Wald chi-square test to determine statistically significant
differences in the prevalence of PTD by race and SES using a significance level of a = 0.05
(Table 7). I implemented survey-weighted ANOVA procedures with Tukey post-hoc pairwise
comparison tests to evaluate statistically significant differences in mean ACE score across race
and SES subgroups using a significance level of a = 0.05 (Table 7).

Regression Analyses. | conducted unadjusted and adjusted survey-weighted logistic

regression analyses to determine the association between six ACEs and the odds of PTD among
women overall (Table 8), as well as in stratified analyses by race (Appendix Table B4) and SES
(Appendix Table B5). Adjusted logistic regression analyses among women overall controlled for
both race and SES, while adjusted logistic regression analyses stratified by race were adjusted
for SES, and vice-versa for SES-stratified analyses. All six ACEs were included in each logistic
regression model so that the ACEs controlled for the effects of one another. Odds ratios were

deemed statistically significant if the null value of 1.0 was not included in the 95% confidence
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interval (CI). If the upper or lower bound of the 95% CI included the value of 1.0, this was
deemed as approaching statistical significance. Significant odds ratios from Appendix Table B4
were selected for display in Table 9. | identified white women and women with high SES to be
the reference groups for race and SES, respectively, as they represent the most privileged
demographic groups of women in the United States, based on access to resources such as
education and financial assets. The logistic regression model specification for the association
between six ACEs and PTD is depicted by Equation 1.6.

(1.6) logit(Y;) = Bo + Bi(sexual abuse) + B,(physical abuse) + B;(emotional abuse) +
Ba(neglect) + Bs(suicide) + Bg(foster care placement) + B,(x;) + Bg(xg) + Bo(xg) +
BioX10 + P11X11 + P12X12 + P13X13 + L1aX14 Where Yi = 1 for PTB, and where ‘White’ is the
reference group for race and ‘High SES’ is the reference group for SES such that:

_ {1 if Black L {1 if Hispanic o {1 if Asian ]
*7 =10 if not Black > *® = |0 if not Hispanic’ ™ ~ 0 if not Asian’

e = {1 if Pacific Islander ) {1 if AIAN _ {1 if Other
10

=10 if not Pacific Islander * ** = |0 if not AIAN X122 =0 if not Other ;

_ {1 if low SES ) _ {1 if middle SES
X130 if not low SES > *1* 710 if not middle SES

4.2.4 IRB Approval
The use of the Add Health Restricted Use Dataset to conduct this study was approved by

the Carolina Population Center at the University of North Carolina at Chapel Hill. Furthermore,
this research work was determined exempt from human subjects research under 45 CFR
46.104(d) 4(ii) by the Institutional Review Board (IRB) at Michigan State University (Appendix

Figure Al).
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4.3 Results

Descriptive analyses. Table 6 shows the descriptive characteristics of the n = 3,767

women who comprised my analytic sample. Nearly 70% self-identified as White while 14.4%
identified as Black, 10.4% identified as Hispanic, 3.0% identified as Asian, 0.5% identified as
Pacific Islander, 2.4% identified as American Indian or Alaska Native, and 0.8% self-reported as
Other. Approximately 13% of women were from low SES backgrounds, 61.1% from middle SES
backgrounds, and 26.2% from high SES backgrounds. Almost half of the women (48.2%)
reported experiencing emotional abuse, 42.8% experienced neglect, 6.2% experienced sexual
abuse, 6.0% reported a family member suicide attempt or death by suicide, and 2.7% reported
ever being placed in foster care. The prevalence of PTD was 11.7%.

The mean ACE score among women overall in the sample was 1.3 (Table 7). There was a
statistically significant difference in the mean ACE score by race (p<.001), although this was
driven by only one pairwise difference. Specifically, a Tukey post-hoc comparison test (results
not shown) found that women who identified as “Other” had a significantly lower mean ACE
score compared to Asian women (p<.01, respectively). There were no significant differences in
the mean ACE score between any other racial subgroups of women (all p>.05, respectively).
Furthermore, there were no statistically significant differences in mean ACE score by SES
(p=0.6), nor were there were any statistically significant differences in PTD prevalence by race
(p=0.2) or SES (p=0.6) (Table 7). While there were not any statistically significant differences in
PTD prevalence by race, the higher prevalences observed among Black women compared to
White women are consistent with the PTD prevalences observed for these groups in national

vital statistics reports from birth record data, although the observed prevalences for Asian,
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American Indian or Alaska Native, Pacific Islander, and Hispanic women are higher compared to

national prevalences.??

Table 6. Descriptive characteristics of the analytic sample in the National Longitudinal Study of

Adolescent to Adult Health, 1994-2018 (n=3,767)

n (Weighted %o)*

Overall
Race
White
Black
Hispanic
Asian
Pacific Islander
American Indian or Alaska Native
Other
Socioeconomic status (SES)
Low
Middle
High
Marital status®
Married/Cohabiting
Not Married/Cohabiting
Maternal age at time of delivery (years)
<19
20-24
25-29
30-34
>35
Preterm Delivery (PTD)
Adverse childhood experiences (ACES)
Sexual abuse
Physical abuse

3,767

2226 (68.5%)
702 (14.4%)
502 (10.4%)
194 (3.0%)
29 (0.5%)

86 (2.4%)

28 (0.8%)

473 (12.7%)
2300 (61.1%)
985 (26.2%)

2807 (76.0%)
646 (16.0%)

537 (14.3%)
1021 (28.3%)
996 (25.1%)
783 (20.8%)
240 (6.1%)
501 (11.7%)

212 (6.2%)
721 (20.4%)

Emotional abuse 1750 (48.2%)
Neglect 1585 (42.8%)
Family member suicide attempt or death 209 (6.0%)
Foster care placement 87 (2.7%)

All analyses were weighted to account for the stratified sampling design

of the Add Health study

2Data on marital status missing for n = 314 observations
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Table 7. Descriptive characteristics of mean ACE score and PTD by race and SES in the National Longitudinal Study of Adolescent

to Adult Health, 1994-2018 (n=3,767)*

Race All women White Black Hispanic  Asian Pacific Al/AN Other
(n=2226) (n=702) (n=502) (n=194) Islander (n=86) (n=28)
(n=29)
Mean (95% CI) p-value’
Mean 1.3 13 1.2 1.3 1.4 13 1.2 0.8 <.001
ACE (1.2-1.3) (1.2-1.3) (1.1-1.3) (1.2-1.4) (1.1-1.7) (0.6-1.9) (0.7-1.8) (0.3-1.4)
Score?
; n (weighted %) p-value®
PTD
Yes 501 (11.7) 266 (10.5) 116 (14.0) 63(135) 31(17.1) 3(18.3) 17 (15.3)  5(22.5) 0.3
SES Low Middle High
(n=473) (n=2309)  (n=985)
Mean (95% ClI) p-value?
Mean 1.3 1.3 1.3 0.6
ACE (1.1-1.4) (1.2-1.3) (1.2-1.4)
Score?
n (weighted %) p-value®
PTD?
Yes 71(13.7) 299 (11.6) 131 (11.1) 0.6

SE standard error; AI/AN American Indian or Alaska Native; bolded p-values indicate statistical significance at p < 0.01.

!Data are weighted to account for the stratified sampling design of the Add Health study

2Mean number of ACEs based on sum of 6 binary ACE variables (sexual, physical, and emotional abuse; neglect; suicide; foster care placement)
3refers to proportion of women who responded “yes” to the question, “Was this baby born preterm?”

*n-value for survey weighted ANOVA

°p-value for survey weighted Wald chi-square test
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Regression Analyses. The unadjusted and adjusted odds ratios for the association

between six ACEs and PTD were not statistically significant among women overall (Table 8).
The majority of the stratified analyses by race and SES were also not significant (Appendix
Tables B4 and B5). However, a few associations between ACEs and PTD differed across race
subgroups, particularly for White women and Black women, and these estimates were selected
for display in Table 9. Specifically, the odds of PTD were 30% lower among White women who
experienced physical abuse (aOR 0.7, 95% C1 0.5,1.0), although this approached significance.
Also, the odds of PTD were 70% lower among Black women who experienced sexual abuse
(@OR 0.3, 95% CI 0.1, 0.9) (Table 9). Due to small cell sizes, | was unable to obtain precise
estimates for the odds ratios for the association between ACEs and PTD for select race and SES

subgroups of women (Appendix Tables B4 and B5).
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Table 8. Unadjusted and adjusted associations between six ACEs and odds of PTD among

n=3,767 women in the National Longitudinal Study of Adolescent to Adult Health, 1994-2018!

OR (95% CI) aOR (95% CI)?
Sexual abuse 1.1 (0.6, 2.0) 1.2 (0.7, 2.0)
Physical abuse 0.8 (0.6, 1.1) 0.8 (0.6, 1.2)
Emotional abuse 1.2 (0.9, 1.6) 1.2 (0.9, 1.6)
Neglect 0.9(0.7,1.2) 0.9(0.7,1.2)
Suicide 1.0 (0.6, 1.7) 1.0 (0.6, 1.7)
Foster 1.3(0.5,3.2) 1.3(0.5,3.1)

LAnalyses are survey weighted to account for the sampling design of Add Health
20dds ratios adjusted for race and SES
OR odds ratio; aOR adjusted odds ratio

Table 9. Unadjusted and adjusted associations between select ACEs and odds of PTD among
White women and Black women in the National Longitudinal Study of Adolescent to Adult

Health (n=3,767), 1994-2018!

White (n=2226) Black (n=702)

OR (95% CI) aOR (95% CI)>  OR (95% CI) aOR (95% CI)?
Sexual abuse NS NS 0.3(0.1,1.0) 0.3(0.1,0.9)
Physical abuse 0.7 (0.5, 1.0) 0.7 (0.5, 1.0) NS NS

!Analyses are survey-weighted to account for the sampling design of Add Health.
20dds ratios are adjusted for SES
OR odds ratio; aOR adjusted odds ratio; NS Not significant

4.4 Discussion

To determine the impact of ACEs on PTD by race and socioeconomic status among a
longitudinal sample of n=3,767 women from the National Longitudinal Study of Adolescent to
Adult Health, this study 1) Examined differences in the mean ACE score by race and
socioeconomic status among women who give birth and 2) Assessed the association between six
ACEs and PTD among women overall, as well as within race and SES subgroups.

The results of this study can be summarized by five key findings. First, | found that the
mean ACE score differed significantly by race (p<.001) but not by SES (p=0.6). Second, the

prevalence of PTD did not differ significantly by race (p=0.3) or SES (p=0.6). Third, there were
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no statistically significant associations between any of the six ACEs and odds of PTD among
women overall (all p-values >.05, respectively). Fourth, due to small sizes for some cells, | was
unable to obtain precise OR estimates for the association between ACEs and PTD for select
subgroups of women. Finally, while the majority of ORs were not significant across all groups
of women, there were a few associations between specific ACEs and PTD that differed across
race subgroups, specifically for White women and Black women. These findings do not provide
strong evidence that ACEs are associated with PTD among women in the overall sample or
within race and SES subgroups, although PTD may operate differently within some subgroups
and therefore it should not be assumed that all ACEs exert their effects equivocally on PTD in all
groups of women. This carries important implications for the development of interventions to
promote the preconception and pregnancy health of women.

While | found that the mean ACE score differed by race, this was primarily driven by the
difference in scores between women who identified as “Other” and Asian women: specifically,
Asian women had a significantly higher mean ACE score compared to women who identified as
Other (1.4 vs. 0.8). This is interesting, as Asian women usually have lower ACE scores
compared to other groups of women.?® However, as we cannot disaggregate who comprises
women who report as “Other,” this difference is difficult to interpret without additional context,
although one assumption is that this group comprises multi-racial women who could not select a
single racial group of their multi-race identity that they best identified with in the follow-up
question.

The overall mean ACE score found among women in my sample (1.3, 95% CI 1.2-1.3) is
significantly lower compared to the mean ACE score for women found by Giano et al. (2020)

(1.64, 95% CI 1.62-1.67).8 Furthermore, the mean ACE score found in my study for White
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women (1.3, 95% CI 1.2-1.3), Black women (1.2, 95% CI 1.1-1.3), Hispanic women (1.3, 95%
Cl 1.2-1.4) were significantly lower than that found by Giano et al (2020) for White individuals
(1.53, 95% CI 1.51-1.54), Black individuals (1.66, 95% CI 1.60-1.71), Hispanic individuals
(1.63, 95% CI 1.58-1.69).28 While Giano et al. (2020) found significant differences in mean ACE
score between Blacks and Whites, my findings did not show this. There are several reasons that
may explain discrepancies in study findings. First, it is important to note that while my
calculated mean ACE scores are among women only, the mean ACE scores calculated by Giano
et al. (2020) for racial subgroups comprise of both men and women.?® Furthermore, while my
sample consisted of women of reproductive age, the sample of women in Giano et al. (2020)
consisted primarily of an older demographic (ages 45 and older).?

Furthermore, unlike my study which did not find statistically significant differences in
mean ACE score by SES, Giano et al. (2020) found that individuals with lower educational
attainment, household income, and who were unemployed generally had higher ACE scores
compared to those with higher educational attainment, household incomes, and employed
status.?® These differences could be attributed to the fact that my analytic sample comprised
mostly of middle and higher SES women, who generally experience lower ACEs. In addition to
the demographic differences between our samples that could explain differences in findings, the
sample size of Giano et al. (2020) was significantly larger than mine (n = 211,376), providing
greater power to detect differences.

While the overall prevalence of PTD in my study (11.7%) compares to the national
prevalence of 10.5%,2? my finding of no significant differences in PTD prevalence by race and
SES was unexpected, given known racial and SES disparities in PTD prevalence.?* One

explanation is that my analytic sample comprised mostly of higher SES women, who are at
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overall lower risk of adverse birth outcomes. Furthermore, while my dataset is nationally
representative, my sample consisted predominantly of White women and had disproportionately
smaller sample sizes of non-White women, which could bias my estimates.

While my study identified a few significant association between specific ACEs and PTD
within select racial and SES subgroups of women, the majority of the associations were non-
significant. These results are surprising, given the findings of previous studies assessing the
impact of ACEs on preterm birth. In a systematic review of nine international studies examining
the association between total ACEs and preterm birth, Sulaiman et al. (2021) found that seven of
these studies found significant positive associations between ACEs and PTB.*® However, only
four of the nine studies were conducted in the United States.%®2!3215 A summary of the findings
of these U.S.-based studies are as follows.

While my overall findings corroborate with those of McDonnell & Valentino (2016) who
did not find that infant gestational age was correlated with either household dysfunction or
maltreatment,?® differences in the study design, sample, and methods of ACE operationalization
between my study and these four U.S.-based studies from the systematic review prevent an
unequivocal comparison of findings between the studies. Foremost, all of these studies
operationalized ACEs as a count or sum of total ACEs experienced. While this is a common
method in the literature, it prevents a more detailed assessment of whether specific ACEs exert
their impacts differently on PTD. As evidence shows that “not all ACEs are equal” in their
impact on health outcomes,26? the methods should be adapted to account for this. Indeed, while
not included in the systematic review by Sulaiman et al. (2021),*® Margerison-Zilko et al. (2016)
found that sexual abuse experienced during childhood, but not adulthood, increased the odds of

late PTD (OR 1.5, 95% CI 1.0, 2.2), and sexual abuse experienced during both childhood and
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adulthood increased the odds of any PTD (OR 1.9, 95% CI 1.0, 3.5) and late PTD (OR 2.2, 95%
Cl 1.1, 4.5).° Furthermore, they did not find an association between physical abuse experienced
during childhood or adulthood and the odds of PTD.® While | found that physical abuse and
emotional abuse were associated with increased odds of PTD, but not sexual abuse, among
women overall, there were differences in the association between sexual abuse, physical abuse,
and emotional abuse and PTD across race and SES subgroups.

Taken together, my findings and the findings of Margerison-Zilko et al. (2016) highlight
the importance of examining the effects of specific ACEs on PTD as opposed to solely
operationalizing these variables as a count or sum measure. Furthermore, these findings suggest
that 1) specific ACEs may be more strongly associated with adverse birth outcomes than others
and 2) There may be sensitive periods during which specific types of life stressors may exert
their impacts on women’s reproductive outcomes.

In addition to differences in the operationalization of ACEs in my study compared to the
studies in the systematic review by Sulaiman et al. (2021), it is also important to note that all of
these studies included pregnant women or postpartum women to assess the relationship between
ACEs and PTB. This deviates from the design of my study, which assessed ACEs during the
preconception period of women in my sample. As the women in these other studies were asked
to report their ACEs during, or right after, pregnancy, this could result in recall bias, especially if
they are experiencing a stressful pregnancy, pregnancy complications, or had given birth to an
infant with an adverse birth outcome (i.e., PTD). In my study, however, information on ACEs
were not collected in the same Wave as pregnancy information, which can lower the likelihood

of this potential recall bias.
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Finally, my study found the unexpected finding that certain ACEs, particularly sexual
abuse for Black women and physical abuse for White women, were associated with a lower odds
of PTD, which, to my knowledge, does not corroborate with any findings from the literature. It is
possible that this counterintuitive finding is due to a potential selection bias, whereby Black and
White women with lower overall levels of ACEs are more likely to have live birth pregnancies
and therefore were disproportionately captured in my analytic sample, compared to women with
high levels of ACEs who may not go on to have live birth pregnancies and therefore were not
captured in my study. Because selection into my study is influenced by having both the exposure
and the outcome (i.e., live birth pregnancy), this could have resulted in a collider bias that
distorts the relationship between ACEs and PTD.

Moreover, women with lower levels of ACEs (compared to those with higher levels of
ACESs) could also have additional protective factors (i.e., socioeconomic resources, access to
high quality health care, social support, etc.) that lower their overall odds of adverse birth
outcomes. An alternative explanation could be that experience of these specific ACEs lead Black
and White women to engage in the process of resilience**”? through reliance on and fostering of
protective factors (such as social support, religiosity, or spirituality) that may ultimately buffer
against the impact of ACEs on PTD, although the protective factor would have to be extremely
strong to exert such an effect. Indeed, research shows that factors such as religiosity and
spirituality may be protective against the impacts of life stressors, particularly for Black
Women.135'148

Another alternative explanation for the lack of overall significant associations found
between ACEs and PTD among women in my study is that a process of “recalibration” may

occur during adolescence that resets any physiological disturbances potentially triggered by early
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life stressors.348% DePasquale, Donzella, and Gunnar (2019) have found evidence of this
recalibration effect in studies among institutionalized orphans who were subsequently adopted
into nurturing environments and displayed a stabilization of abnormal HPA axis activity that was
observed earlier in adolescence.?* Similarly, women in my sample who experienced ACEs earlier
in childhood could have encountered a more supportive and nurturing environment during
adolescence that reset any physiological changes influenced by an early stressful environment,
ultimately lowering their risk for future adverse health outcomes. In addition, because the
majority of women in my sample gave birth at a younger maternal age (20-29 years old), the
period of time between when they experienced ACEs and when they gave birth might not have
been long enough for any adverse effects from early life to manifest and influence these
pregnancy outcomes.*

Strengths & Limitations. This study has several strengths. To my knowledge, this is the

first study to examine the association between ACEs and PTD using a large, nationally
representative dataset of women of reproductive age through a health equity lens by assessing
whether this association differed across race and socioeconomic status subgroups.

Furthermore, my study design was heavily guided by theoretical frameworks across from
lifecourse epidemiology and developmental psychology, which justifies the importance of
looking at early life adversity in the preconception period as a mechanism by which disparities in
future reproductive health outcomes may be impacted. Research that does not incorporate these
frameworks are limited in their methodological design in that they examine at a narrow window
of time very close to pregnancy (i.e., prenatal period), and may miss important risk factors that
occur earlier in life. Furthermore, | used a person-centered approach in examining whether the

associations between specific ACEs and PTD differed within race and SES subgroups, which is
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an important approach for identifying subgroups of women who may be at greater risk of PTD
given exposure to specific ACEs.

Despite these strengths, this study included several limitations. While the Add Health
dataset was nationally representative, my analytic sample was not, and full data was not available
for all groups of women. As such, the small sample sizes for select racial subgroups of women
prevented me from obtaining more precise estimates of the association between ACEs and PTD
for these women. However, given that Add Health is a uniquely large, diverse nationally
representative dataset with fives waves of data follow-up that uniquely incorporates data on
health outcomes from childhood through adulthood, this illustrates the lack of nationally
representative, longitudinal data on groups of people identifying as Black, Hispanic, Asian,
Pacific Islander, and American Indian or Alaska Native.

Furthermore, | was only able to assess six types of ACEs; therefore, the findings may not
be generalizable to other ACEs. Additional ACEs should be incorporated in future studies.
Finally, while my study incorporated a lifecourse study design, it does not account for macro-
level factors at the socioecological level?1®217 that may contribute to, and perpetuate, disparities
in both ACEs and PTD, such as institutional racism, and unequal access to education, health
care, and insurance coverage.

4.5 Conclusion

In this study, I examined the impacts of specific ACEs on PTD by race and
socioeconomic status among a longitudinal sample of n=3,767 women from the National
Longitudinal Study of Adolescent to Adult Health (1994-2018). The majority of the associations
between the six ACEs and PTD were not significant across race, SES, or within the overall

sample. These results suggest the following possible explanations: 1) ACEs may not impact PTD
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in hypothesized ways. 2) The length of time between when ACEs occur and when pregnancy
occurs may not be long enough for any physiological disturbances associated with early life
stress to manifest; or, alternatively, 3) Any physiological disturbances triggered by early life
stress may be reset during adolescence, buffering against future adverse outcomes. The findings
of this study contribute to an enhanced understanding of the role that specific ACEs play in PTD
occurrence with consideration to race and SES difference, which is important for informing
clinical interventions to improve women’s preconception health and birth outcomes.
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CHAPTER 5: THE ASSOCIATION BETWEEN ADVERSE CHILDHOOD
EXPERIENCES AND PRETERM DELIVERY: A LATENT CLASS APPROACH

5.1 Introduction

The United States has one of the highest prevalences of PTD, a birth occurring earlier
than 37 weeks of gestation, amongst all westernized countries.?*® In addition, significant racial
and socioeconomic disparities in PTD have existed for decades in the United States.t*2
Specifically, Black women and women with low socioeconomic status experience higher
prevalence of PTD compared to other women.? While the exact cause of these disparities has yet
to be identified, it is hypothesized that disproportionate exposures to significant life stressors for
these groups of women may increase their risk for adverse birth outcomes.**2

Adverse childhood experiences (ACES), or negative life events occurring prior to 18
years of age, is a category of significant life stressors with significant implications for
preconception and pregnancy health. Indeed, while the ACE literature has predominantly
focused on examining the impacts of ACEs on health outcomes such as chronic diseases and
mental health,'®” a growing literature of studies have associated ACEs with adverse
reproductive and pregnancy outcomes, including depression and anxiety during pregnancy,
unintended pregnancy, alcohol use during pregnancy, and adverse birth outcomes, 8203840

However, most studies in the literature which have examined the associations between
ACEs and PTD have 1) not used diverse, nationally representative datasets; 2) primarily focused
on the impact of number of ACEs experienced (i.e., count and sum scores) as the predictor; and
3) not used a health equity lens to assess whether associations might differ among women by
race and socioeconomic status. While these foundational studies have provided an enhanced
understanding of the influence of ACEs on PTD, these methodological gaps preclude 1) the

generalizability of findings to the diverse population of pregnant women in the United States?®®
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2) an understanding of whether co-occurring patterns of ACEs exert greater detrimental effects
on PTD than others; and 3) an understanding of whether ACEs impact all groups of women
equally.

To address these methodological gaps, the overall goal of this study is to apply latent
class techniques to provide a more nuanced understanding of the association between patterns of
ACEs and PTD in a longitudinal sample of n = 3,884 women from the National Longitudinal of
Adolescent to Adult Health (Add Health; 1994-2018) using a health equity lens. Specifically, |
will 1) identify subgroups of women characterized by early life patterns of ACE occurrence; 2)
determine the association between latent class membership and PTD and 3) examine whether
race and SES play an important role in latent class membership or the association between latent

class membership and PTD.
5.2 Methods

5.2.1 Study design, dataset, and study population
| used the National Longitudinal Study of Adolescent to Adult Health (Add Health)

dataset, a nationally representative, prospective longitudinal study of adolescents initiated in
1994 by the Carolina Population Center and the University of North Carolina at Chapel Hill with
the objective of studying the diverse social, behavioral, and biological influences on adolescent
health and well-being, and their development into adulthood.'®218% Add Health used a multistage,
stratified cluster sampling design to recruit adolescents from middle and high schools across the
country.*® Add Health entails five waves of follow-up: Wave | (1994-1995), Wave 11 (1996),
Wave 111 (2001-2002), Wave 1V (2008-2009), and Wave V (2016-2018) and includes in-school,
at-home, and parental components of survey administration.'82183

The current study focuses on the source population of n = 20,745 students who were

selected to participate in the at-home survey component and to be followed up in all subsequent
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waves of follow-up (i.e., the ‘core sample’).*®® The survey questionnaires for the at-home
component employed computer-assisted personal interview (CAPI) and Audi Computer-Assisted
Self-Interview (ACASI) techniques to improve the validity of self-reported data by respondents,
especially pertaining to sensitive personal information. 183188

After removing male adolescents (n = 10,263), female adolescents who did not have a
pregnancy that resulted in a live birth by 2018 (n=6446), female adolescents who did not report
information on preterm birth for the first birth in Wave V (n=71), female adolescents who were
missing information on any weighting variables (n=66), and female adolescents who were
missing information on race (n=13), | obtained a sample size of n = 3,884 for my final analytic
sample of women (Figure 12). To maximize sample size and retain available data on any ACEs

where provided by respondents, full-information maximum likelihood was applied to account for

women who were missing data on these variables (n=117).187:219

Exclusion Criteria

N =20,743
—— [ = 10,263 male adolescents
N=10480
, N = 6,446 female adolescents who
did not have a pregnancy that ended
N=4.034 in a live birth by 2018
) N = 71 famale adolescents who did
not report data on PTD for the first
N=3.963 birth in Wave V
—— ]
N = 66 female adolescents with
N=3,897 missing data on any weighting
variables
——
N = 13 female adolescents with
N=3,884

missing data on race

Figure 12. Analytic sample used to assess the association between patterns of ACEs and PTD in

the National Longitudinal Study of Adolescent to Adult Health, 1994-2018.
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5.2.2 Measures

Exposure variables. The primary exposure variables of interest were six adverse

childhood experiences (ACEs) across three broad domains of ACEs including 1) abuse (sexual
abuse, physical abuse, emotional abuse), 2) neglect, and 3) household dysfunction (family
member attempted suicide or death by suicide, and foster care placement) (see Appendix Table
C1). The selection of these ACEs was informed by the ‘conventional ACEs’ included in the
original ACE study by the CDC and Kaiser Permanente,'®!’ as well as the list of ‘expanded
ACEs.™

| operationalized physical, sexual, and emotional abuse (each assessed by one question,
respectively) and neglect (a composite of three questions) by creating a binary variable based on
frequency of occurrence: “yes” for reported frequencies of > 1 and “no” for reported frequencies
of “0”. Suicide was captured by two questions pertaining to attempted suicide or death by suicide
of family members and modeled as a binary variable (yes/no). While the original Add Health
survey question used the phrase “successful suicide,” I used the language “death by suicide” in
accordance with changing protocols in psychology to avoid stigmatizing language such as
»9189,190

“successful suicide.

Outcome variable.

| assessed preterm delivery (PTD) as my primary outcome of interest, defined as a
delivery that occurs prior to 37 weeks of gestation. Information on PTD (for the first birth only)
was collected via self-report and modeled as a binary variable (yes/no). Previous studies show
that data on gestational age collected by maternal recall compares favorably to data obtained by

medical records or birth certificates.!®'%? Data on PTD (Wave V: 2016-2018) was collected at a
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different time point than the ACEs (Waves I: 1994-1995, Wave Il1: 2001-2001, Wave IV: 2008-
2009).
Covariates.

Race (White, Black, Hispanic, Asian, Pacific Islander, American Indian/Alaska Native,
Other) was captured via self-report. If a respondent indicated they were multi-racial, a follow-up
question was asked of respondents to indicate the racial group they best identified with. In this
study, I refer to race as, “...a social classification based on phenotype that governs the
distribution of risks and opportunities in our race-conscious society” (Jones, 2001, p. 300).1%
While race is a social construct and is not biologically or genetically based, it holds important
implications for the health and well-being of individuals and communities.'**-1% Furthermore,
while I use six categories of race in this study, it is important to acknowledge that each of these
subgroups are heterogeneous and comprise of diverse ethnicities and nationalities. Finally, to
promote grammatical equity in reference to race | use intentional capitalization for all racial
subgroups throughout this paper.t®’

Socioeconomic status was assessed as childhood socioeconomic status and captured by a
composite construct of six indicators (mother’s occupation, father’s occupation, mother’s
father’s education, annual household income, and receipt of public assistance) based on the
method developed by Slaughter-Acey et al., 2016 (Appendix Table C2).1 Each of these
variables were modeled as binary variables where 0 represented “low SES” and 1 represented
“high SES.”%% Missing data on any of these variables were categorized as “low SES.”*% The
scores for each of the six variables were then summed to create a composite SES variable with
values ranging from 0 to 6.1%° Based on the distribution of scores of the composite SES variable,

three categories of SES were created: low (where score < lowest quartile (Q1) where Q1 = 1),
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middle (score > 2" quartile (Q2) and < 3" quartile (Q3) where Q2=2 and Q3=3), and high (score
> upper quartile (Q4) where Q4 = 3).180
Figure 13 summarizes the Add Health waves of data collection, ages of participants at

each wave of data collection, and timing of assessment of all key variables in this study.'8>18
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Wave | (1994-1995)

Age of participants: Variables assessed:
12-19 years old Childhood SES, Suicide

"

Wave Il (1996)

Age of participants: Variables assessed:
13-20 years old None

Wave |l (2001-2002)

|¢

Age of participants: Variables assessed: Neglect, Foster care
18-26 years old placement

Wave IV (2008-2009)

Age of participants: Variables assessed: Physical abuse, sexual
24-32 years old abuse, emotional abuse

Wave V (2016-2018)

Age of participants: -
32-42 years old Variables assessed: Race, PTD

Figure 13. Timeline of Add Health data collection (1994-2018), respective ages of participants
during each wave, and key Add Health variables assessed in this dissertation study.

5.2.3 Statistical Analyses

Assessment of Missing Data. Observations with missing data on PTD, race, or weighting

variables were excluded from the analytic sample (n=150; 3.7%). An assessment of bias
indicated that the distribution of exposure variables, outcome variable, and covariates did not
change significantly between the analytic sample and the reference population upon removal of

these missing data, justifying the removal of these observations (Appendix Table C3). This
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indicates that there is a low probability of selection bias and therefore strengthens the internal
validity of my findings.

To maximize sample size and data provided on the six ACE indicators, | used full-
information maximum likelihood (FIML) with the assumption of missing at random (MAR) to
address missing data on these variables.'®"?1° Less than 5% (n=117) of the analytic sample was
missing data on ACEs.

Descriptive analyses. The distribution of maternal characteristics, PTD, and adverse

childhood experiences for the analytic sample was derived using survey-weighted frequency
procedures. Percentages were weighted to account for the stratified, multistage sampling design
of the Add Health Study. These analyses were conducted using SAS software statistical package
9.4 (Cary, NC).

Latent class analyses (LCA). | conducted all latent class analyses using Mplus Version

8.6 statistical software package (Muthén & Muthén, 1998-2017).2% Six ACEs, known as class
indicators, were used to inform the latent classes (See Figure 14 for the conceptual path
diagram). To initiate the process of class enumeration (i.e., identification of the number of latent
classes), I fitted 2-class, 3-class, and 4-class models by conducting survey-weighted finite
mixture analyses with robust maximum likelihood estimation (MLR) to account for the stratified,
multistage sampling design of the Add Health study.

The optimal latent class model with the best fit was determined by assessment of the
following fit statistics: log-likelihood, Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), Consistent Akaike Information Criterion (CAIC), Sample Size
Adjusted BIC (ssBIC), Integrated Completed Likelihood Criterion with BIC approximation

(ICL-BIC), and entropy. Smaller values indicated better model fit for all criteria with the
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exception of entropy, where values closer to 1.0 indicate better classification separation between
the classes (range of values from 0 to 1).187:209

After identification of the optimal 2-class model, | assessed the two key parameters of the
model: 1) the class prevalences, or the proportion of the sample captured by each class and 2) the
estimated conditional within-class probabilities (i.e., item-response probabilities), which is the
probability that a woman reported a specific response to an ACE (e.g., yes or no), given that they
were in a specific latent class, for all six ACEs.*®” The class with the highest prevalence was

designated as the reference class for all analytic comparisons.

V1 Y2 V3 Vs Vs Ye

Figure 14. Path diagram of the six ACE indicators used to inform the latent class C in the

National Longitudinal Study of Adolescent to Adult Health (n=3,884), 1994-2018 where y1
(physical abuse); y2 (sexual abuse); y3 (emotional abuse); y4 (neglect); y5 (household substance
abuse risk); y6 (attempted suicide or death by family member(s)); y7 (foster care placement).

The measurement error associated with each indicator is denoted by el-e6.
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Class Prediction Analyses. To assess whether race or SES predicted latent class

membership, I implemented Vermunt’s three-step approach.?'! Following the Vermunt’s process
outlined by Bauer & Steinley (2020, p. 8.8-8.12),2% in Step 1, the posterior probabilities were
calculated for each case, which represents the probability that an individual is in a specific class,
given their response for each ACE indicator.'8729%:210 Step 2 entails the process of modal class
assignment, whereby individuals are assigned to a latent class based on the highest value of the
posterior probability.?*%21! Step 2 also calculates the level of accuracy with which individuals are
classified in the modal class assignment process, an indication of classification error.?1? In Step
3, the modal class assignment serves as a proxy variable for latent class membership and the
logit values are incorporated to account for the level of classification error.2*? This final step
provides us with the regression coefficients for the regression of latent class on the predictors of
race and SES, as well as the odds ratios for latent class membership by race and SES. Figure 15
illustrates the path diagram for the class predictor analyses. Equation 1.8 depicts the logistic
regression model specification for the prediction of latent class membership by race and SES,
where race and SES control for one another.

Because both race and SES have three or more categories, dummy indicator variables
were created to facilitate the interpretation with the reference group. As reflected in Equation
1.8, White women and high SES women were the reference groups for race and SES,
respectively. | selected these groups to be the reference as they represent the most privileged
groups of women in U.S. society based on access to resources such as education, income, and

wealth.
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Figure 15. Path diagram for the prediction of latent class membership by two covariates, race and

socioeconomic status (SES), in the National Longitudinal Study of Adolescent to Adult Health
(n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse); y3 (emotional abuse); y4
(neglect); y5 (attempted suicide or death by family members); y6 (foster care placement); z1

(PTD); e1-es (measurement error for each indicator)

(1.8) logit(Y;) = Bo + B1(x1) + B2(xz) + B3(x3) + Ba(xs) + Bs(xs) + Be(x6) + B7(x7) +
Bs(xg) where Yi = 1 for membership in class i and where ‘White’ is the reference group for race

and ‘High SES’ is the reference group for SES such that:

_ {1 if Black o {1 if Hispanic o {1 if Asian )
1700 if not Black > *2 T 10 if not Hispanic* *3 ~ 0 if not Asian’

_ {1 if Pacific Islander L {1 if AIAN o {1 if Other ]
X4+ =10 if not Pacific Islander * *® = |0 if not AIAN * *6 =10 if not Other’

_ {1 if low SES o {1 if middle SES
X7 =00 if not low SES 8 T 0 if not middle SES
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Distal outcome analysis. To evaluate whether latent class membership predicted the distal

outcome of PTD (See Figure 16 for the path diagram for the model), I conducted Vermunt’s 3-
Step approach using the same first two steps as described previously in class predictor
analyses.?!%211 However, in the third step, a model parameter constraint was added to assess
whether the threshold of PTD differs significantly across the classes via a Wald Test of equality.
Because PTD is a binary variable, it exhibits a threshold, as opposed to a mean. The threshold is
an estimated parameter in the form of a logit derived from the third step of Vermunt’s that is
used to calculate the within-class probability of having the outcome (i.e., PTD).?!° Equation 1.9
shows how to calculate the probability of reporting a “yes” response to an ACE based on the
threshold parameter estimate (Bauer and Steinley, 2020, p. 7.4).2*9 Equation 1.10 depicts the
model specification for the logistic regression analysis of PTD on latent class membership,
controlling for race (reference group is White women) and SES (reference group is high SES

women).
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Figure 16. Path diagram of the latent class distal outcome analysis of the association between

latent class membership and PTD in the National Longitudinal Study of Adolescent to Adult
Health (n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse); y3 (emotional
abuse); y4 (neglect); y5 (attempted suicide or death by family members); y6 (foster care

placement); z1 (PTD); e1-es (measurement error for each indicator)
(1.9) &y = ﬁ where 8k is the probability of reporting “yes” for an individual in class k,

and vix is the threshold parameter estimate (Bauer and Steinley, 2020, p. 7.4)?%

(1.10) logit(Y;) = Bo + P1(x1,0) + B2(x2) + B3(x3) + Ba(x4) + Bs(xs5) + Pe(x6) + B7(x7) +
Bs(xg) + By(xg) where Y; =1 for PTB, x1 = membership in class i, and where ‘White’ is the reference

group for race and ‘High SES’ is the reference group for SES such that:

_ {1 if Black L {1 if Hispanic L {1 if Asian )

2710 if not Black * *3 ~ 10 if not Hispanic * ** = |0 if not Asian’
_ {1 if Pacific Islander o {

*5 =10 if not Pacific Islander * *¢ ~ |0 if not AIAN * 7

1 if AIAN o {1 if Other .
0 if not Other”’

_ {1 if low SES o {1 if middle SES
*8 =10 if not low SES **° T |0 if not middle SES

113



5.2.4 IRB Approval

The use of the Add Health Restricted Use Dataset to conduct this study was approved by
the Carolina Population Center at the University of North Carolina at Chapel Hill. Furthermore,
this research work was determined exempt from human subjects research under 45 CFR
46.104(d) 4(ii) by the Institutional Review Board (IRB) at Michigan State University (Appendix
Figure Al).
5.3 Results

Descriptive analyses. Table 10 outlines the prevalence of maternal characteristics, PTD,

and ACEs in the analytic sample (n=3,884). The majority of women were White (68.7%), from
middle SES backgrounds (61.1%), and married or cohabiting (75.7%). The ACE with the highest
prevalence was emotional abuse (47.7%), followed by neglect (42.3), physical abuse (20.2%),
sexual abuse (6.3%), family member suicide attempt or death (6.1%), and foster care placement
(2.7%). The prevalence of PTD was roughly 12%.

Latent class analyses. Table 11 provides a summary of the fit statistics for the 2-class, 3-

class, and 4-class model. The 2-class model was determined to be the optimal class model with
the best fit based on the smaller values for the majority of the fit indices (BIC, CAIC, ssBIC,
ICL-BIC) compared to the 3-class and 4-class model.

Table 12 shows the estimated class prevalences and conditional within-class probabilities
of six ACEs for the two latent class model. The class prevalences indicated that latent class 1
comprised 75.1% of the sample, while latent class 2 comprised 24.9% of the sample (Table 12).
Class 2 was distinguished by significantly higher probabilities of reporting sexual abuse (.21),
emotional abuse (1.0), physical abuse (.70), and foster care placement (.05) compared to Class 1

(p<.05, respectively). There were no significant differences in the conditional within-class
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probabilities for neglect or suicide. For this reason, Class 2 was labeled the “High ACEs” class

while Class 1 was labeled the “Low ACEs” class. Figure 17 illustrates the probability of

reporting “yes” to the six ACEs, conditional on latent class membership.

Table 10. Descriptive characteristics of the analytic sample in the National Longitudinal Study of

Adolescent to Adult Health, 1994-2018 (n=3,884)

n (Weighted %o)*

Overall
Race?
White
Black
Hispanic
Asian
Pacific Islander
American Indian or Alaska Native
Other
Socioeconomic status (SES)
Low
Middle
High
Marital status®
Married/Cohabiting
Not Married/Cohabiting
Maternal age at time of delivery (years)
<19
20-24
25-29
30-34
>35
Preterm Delivery (PTD)
Adverse childhood experiences (ACEs)*
Sexual abuse
Physical abuse
Emotional abuse

3,884

2297 (68.7%)
723 (14.4%)
517 (10.3%)
197 (2.9%)
32 (0.5%)

89 (2.4%)

29 (0.8%)

487 (12.5%)
2382 (61.1%)
1015 (26.4%)

2893 (75.7%)
667 (16.1%)

562 (14.5%)
1048 (28.2%)
1021 (24.9%)
807 (20.7%)
248 (6.2%)
514 (11.8%)

217 (6.3%)
738 (20.2%)
1793 (47.7%)

Neglect 1614 (42.3%)
Family member suicide attempt or death 216 (6.1%)
Foster care placement 90 (2.7%)

percentages are survey-weighted to account for stratified sampling design of Add Health
2n=324 women with missing data on marital status

3n=198 women with missing data on maternal age

*n=117 women with missing data on any ACEs; ACEs are not mutually exclusive categories

115



Table 11. Summary of fit statistics for the latent class analysis of six adverse childhood

experiences in the National Longitudinal Study of Adolescent to Adult Health (n=3,884), 1994-

2018
Class Log- AIC BIC CAIC ssBIC ICL-BIC  Entropy
model likelihood
2 -9003.452  18032.90 18114.34 18127.34 18073.04 18115.78 0.72
3 -8989.821 18019.64 18144.93 18164.93 18081.38 18146.58 0.82
4 -8978.884 18011.77 18180.91 18207.91 18095.12 18182.17 0.63

Bolded values indicate the optimal value for the fit criteria; AIC Akaike Information Criterion; BIC
Bayesian Information Criterion; CAIC Consistent Akaike Information Criterion; ssBIC Sample Size
Adjusted BIC; ICL-BIC Integrated Completed Likelihood Criterion with BIC approximation

Table 12. The estimated latent class prevalences and conditional within-class probabilities! of six
ACE:s for the two latent class model identified among n=3,884 women in the National

Longitudinal Study of Adolescent to Adult Health (1994-2018).

Class 1 Class 2 Statistically
(Low ACEs Class)  (High ACEs Class) significant difference
atp <.05
Latent class 75.1% 24.9%
prevalences
ACEs
Sex abuse .02 21 *
Emotional abuse 32 1.0 *
Physical abuse .04 .70 *
Neglect 43 43
Suicide .06 .07
Foster care .02 .05 *
placement

Probability of reporting “yes” to each of the six ACEs
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Figure 17. Probability of reporting “yes” to six adverse childhood experiences (ACEs)
conditional on latent class membership among n=3,884 women in the National Longitudinal
Study of Adolescent to Adult Health (1994-2018).

Class Prediction Analyses. The logits for the classification probabilities, which accounts

for the level of misclassification error,?%° for the 2-class model derived from Vermunt’s 3-step
approach for the class predictor analyses are depicted in Table 13. Using Equation 1.9 to
calculate the probability based on the logit values, these findings convey that the probability of
being assigned to the low ACEs class, given that the case is actually in low ACEs class, is high
(.98), and the probability of being assigned to the low ACEs class, given that the case is actually
in the high ACEs class, is low (.25), reflecting relatively good reliability for the modal class

assignment process and good class separation.
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Table 14 presents the findings for the class prediction analyses derived from the final step
of Vermunt’s 3-Step approach. These results indicate that the odds of being in the high ACEs
class compared to the low ACEs class does not significantly differ for Black women, Hispanic
women, Asian women, Pacific Islander women, American Indian or Alaska Native women, and
Other women, compared to White women (all 95% Cls encompass the null value of 1.0 for each
group, respectively). Furthermore, the odds of being in the high ACEs class compared the low
ACEs class does not differ significantly for low SES and middle SES women, compared to high
SES women (both 95% Cls encompass the null value of 1.0, respectively).

Table 13. Logits for the classification probabilities for the two-class model derived from

Vermunt’s 3-step approach

Modal Class Assignment 1 Modal Class Assignment 2
Latent Class 1 -4.008 0.000
Latent Class 2 1.121 0.000

Table 14. Estimated odds ratios for the prediction of latent class membership by race and
socioeconomic status subgroups among n=3,884 women in the National Longitudinal Study of

Adolescent to Adult Health, 1994-2018

Class predictor aOR! (95% CI)
Race (ref=White)
Black 0.9 (0.6,1.3)
Hispanic 1.0 (0.6, 1.7)
Asian 1.7 (0.7, 3.7)
Pacific Islander 1.0(0.2,4.3)
AIAN 0.5(0.1,1.7)
Other 0.6 (0.1,4.8)
SES (ref= High SES)
Low SES 1.0 (0.7, 1.5)
Middle SES 0.9(0.7,1.3)

10dds of class membership for Class 2 (High ACEs Class) compared to the
reference of Class 1 (Low ACEs Class); ORs for race subgroups are adjusted for SES
and ORs for SES subgroups are adjusted for race
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Distal Outcomes Analysis. Table 15 shows that the threshold estimates for PTD do not differ

significantly across the low ACEs class and the high ACEs class for either the unadjusted or
adjusted models, as demonstrated by the Wald Test of parameter constraints (p=1.00; p=0.99,
respectively). These findings suggest that latent class membership does not predict PTD.
Furthermore, Table 16 shows that the threshold estimates for PTD did not differ significantly
across the high ACEs or low ACEs class in the race-stratified models (p-values all >.05,
respectively) except for women who identified as Other (p<.001).

Among these women, the probability of PTD in the low ACEs class was significantly
higher than the probability of PTD in the high ACEs class (0.25 vs. .03, respectively). In the
SES-stratified models, the threshold estimates for PTD differed significantly between the low
ACEs class and the high ACEs class for low SES women only (p<.04), whereby low SES
women in the low ACEs class experienced a higher probability of PTD compared to low SES
women in the high ACEs class (0.17 vs. .05, respectively; Table 16). The threshold estimates for
PTD did not differ significantly across the latent classes for middle SES or high SES women
(p>.05, Table 16).

Table 15. Threshold estimates for PTD by latent class in the distal outcomes analysis among

n=3,884 women in the National Longitudinal Study of Adolescent to Adult Health, 1994-2018

Class 1 Class 2 Wald Test of
Low ACEs Class High ACEs Class Parameter
Constraints?
p(PTB) Threshold p(PTB) Threshold
Model 1 0.12 2.005 0.12 2.005 X?=0, df=1
(Unadjusted) p-value = 1.00
Model 2 0.097 2.227 0.098 2.225 X2=0, df=1
(Adjusted)? p-value = 0.99

!Adjusted for race and SES
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Table 16. Race and SES-stratified distal outcomes analyses for PTD by latent class among

n=3,884 women in the National Longitudinal Study of Adolescent to Adult Health, 1994-2018!

Class 1 Class 2 Wald Test of
Low ACEs Class High ACEs Class Parameter
Constraints?
p(PTB) Threshold p(PTB) Threshold
Race subgroups
White 0.10 2.085 0.12 1.906 X?=0.59, df=1
(n=2297) p-value = 0.44
Black 0.15 2.657 0.16 2.496 X?=12, df=1
(n=723) p-value =0.73
Hispanic 0.16 2.180 0.07 3.117 X?=1.36, df=1
(n=517) p-value = 0.24
Asian 0.16 1.454 0.18 1.161 X?=0.11, df=1
(n=197) p-value = 0.74
Pacific Islander 0.22 25.938 0.04 30.314 X?=1.9, df=1
(n=32) p-value = 0.16
Al/AN 0.16 1.945 0.08 3.145 X2=0.45, df=1
(n=89) p-value = 0.50
Other® 0.25 1.078 0.03 12.586 X2=322.6,
(n=29) df=1
p-value <.001
SES subgroups

Low SES 0.17 1.848 0.05 3.092 X?=4.1, df=1
(n=487) p-value =.04
Middle SES 0.12 2.216 0.12 2.135 X?=.11, df=1
(n=2382) p-value = 0.75
High SES 0.10 2.159 0.14 1.735 X?=1.3, df=1
(n=1015) p-value=0.26

'Race-stratified analyses are adjusted for SES; SES-stratified analyses are adjusted for race
2\Wald Test for statistically significant differences in Threshold estimates for PTD by latent class
3Refers to women who self-reported as “Other” in the Add Health Survey

Bolded values indicate statistical significance at p<.05

AIl/AN American Indian or Alaska Native
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5.4 Discussion

To determine the association between patterns of ACEs and PTD in a longitudinal sample
of n = 3,884 women from the National Longitudinal of Adolescent to Adult Health (Add Health),
this study 1) identified latent classes of women characterized by early life patterns of ACEs 2)
evaluated the association between latent class membership and PTD 3) examined whether race
and SES play an important role in latent class membership or the association between latent class
membership and PTD.

The results of this study demonstrate the following key findings. First, two underlying
latent classes of women were identified, one characterized by low ACE prevalence and the other
one by high ACE prevalence. Specifically, the high ACEs class was distinguished by a higher
conditional probability of emotional abuse, physical abuse, sexual abuse, and foster care
placement compared to the low ACEs class. Second, | found that race and SES did not predict
latent class membership. Third, | found that latent class membership did not predict PTD.
Fourth, I found that the relationship between class membership and PTD differed significantly
only among women who identified as Other, but not among any other racial subgroups. Finally,
the relationship between latent class membership and PTD differed significantly for low SES
women, but not for middle or high SES women.

The finding that emotional abuse, physical abuse, sexual abuse, and foster care placement
patterned together in the high ACEs class is not surprising, given that different forms of
maltreatment and abuse commonly co-occur,'%32 often a reflection of an unstable caretaking
environment.3? Furthermore, it makes sense that children who experience abuse are also likely to

be placed in foster care.
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In a sample of n=4336 women from the Pregnancy Risk Assessment Monitoring System
(PRAMS), Deichen Hansen (2021) uncovered three types of latent classes (high risk, moderate
risk, and low risk) based on maternal characteristics and risk of PTB and LBW.2% Furthermore,
using data on n=111,330 women from PRAMS (2011-2015), Koning & Ehrenthal (2019)
identified three clusters of women, one characterized by high levels of stressful maternal life
events, another characterized mostly by illness-related maternal life events, and the third
characterized by overall low levels of stressful maternal life events.®® While these studies
identified different numbers of subgroups of women compared to my study, the identification of
groups of women with higher and lower levels of stressful life events are consistent themes.

My findings that race and SES did not predict latent class membership are unexpected,
particularly in light of research that ACE prevalence varies significantly by both race and
socioeconomic status, with Black, Hispanic, and American Indian or Alaska Native individuals
and lower SES individuals experiencing a disproportionate burden of ACEs.?®-%0 Furthermore,
my findings are discrepant with both Deichen Hansen (2021) and Koning & Ehrenthal (2019), as
they found racial and socioeconomic differences in subgroups of women in their study.6%2%

The finding that latent class membership in the high ACEs class did not predict PTD was
also unexpected, as previous research has linked these types of ACEs with PTD.*® Furthermore,
my finding that membership in the high ACEs class did not predict PTD among race subgroups,
except for women who identified as Other, was also surprising, as disparities in both ACEs and
PTD differ significantly by race.??® Although this relationship differed among women who
identified as Other, this was in the opposite direction of what | expected, as the probability of
PTD was higher in the low ACEs class compared to the high ACEs class. While | found that

latent class membership and PTD differed for low SES women, this was also in the opposite
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direction than | expected, as low SES women in the low ACEs class experienced a higher
probability of PTD compared to low SES women in the high ACEs class. This finding is also
unexpected, as lower SES individuals are at greater risk of both PTD and ACEs.®>?® My findings
are also discrepant with Koning & Ehrenthal (2019), who found that the overall relationship
between stressor landscapes and probability of preterm birth varied by race and income quartile,
although no statistical assessments of differences was provided.®°

There are several factors that may explain the discrepancies in findings between my study
and those found in the literature. While my study specifically assessed ACEs, Koning &
Ehrenthal (2019) and Deichen Hansen (2021) examined different kinds of exposures (i.e.,
stressful maternal life events in the year prior to childbirth and maternal demographic
characteristics and health indicators during pregnancy) assessed among postpartum women in
PRAMS.5%2% This could have resulted in recall bias, as women who experience pregnancy
complications may be more likely to overreport stressful maternal life events or adverse health
indicators during pregnancy. Furthermore, there were important differences in dataset (e.g.,
PRAMS datasets were not nationally representative), analytic sample size, and study population
(i.e.., both studies used fewer categories of race which may limit generalizability).6%20%

While | used a nationally representative dataset from Add Health, my analytic sample
was not nationally representative, and the majority of my sample was comprised of White
women and women from higher SES backgrounds. This may have biased the findings as these
groups of women are at lower risk for both ACEs and PTD, potentially underestimating the
relationship between latent class membership and PTD. Furthermore, women who experience
high levels of ACEs may be more likely to 1) decide not to have children;% 2) have difficulties

becoming pregnant due to physical trauma (e.g., physical and/or sexual abuse) or other health
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conditions (e.g.., depression, anxiety); 3) experience a pregnancy loss;* or 4) have an abortion as
a result of an unintended pregnancy,®*! and therefore may not be captured in my denominator
of women who have pregnancies that end in a live birth, resulting in a potential selection bias
that can underestimate the association between ACEs and PTD.

In addition, | modeled the ACEs as binary variables (yes/no) and therefore | did not
account for other characteristics of ACEs such as frequency of occurrence (i.e., severity of
ACES), which may have a stronger impact on occurrence of adverse pregnancy outcomes. As the
experience of a greater number of ACE types, particularly 4 or more types, can substantially
increase the risk of detrimental health outcomes,*”*? the frequency of ACE occurrence may
show a similar adverse effect on health outcomes. While frequency of occurrence was not
available for all ACEs in my study, as a next step, | plan to incorporate frequency of occurrence
where available for specific ACEs. In addition, each ACE was assessed by a different number of
questions. Some ACEs, such as physical, emotional, and sexual abuse, were asked by only one
question, which may not comprehensively capture the construct and result in residual
confounding.

Furthermore, it is possible that the window of time between when ACEs occur and when
pregnancy occurs is not long enough for the physiological disruptions potentially caused by early
life stress to manifest on health outcomes.®? As most women in my study had a young maternal
age (20-29 years), this is plausible. Alternatively, if women experience stressors early in
childhood, there may be a potential for a resetting or “recalibration” of any stress-induced
physiological disruptions during adolescence, especially if protective factors are encountered that

make up for the early risk factors.33848
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Furthermore, there may be a process of resilience that plays a role for women who
experience life stressors- that is, women who experience stressors may not go on to have adverse
health outcomes in pregnancy due to some protective factor, such as at the individual-level (i.e.,
personality characteristics, religiosity), interpersonal-level (i.e., social support), and community-
level (i.e., neighborhood reciprocity), that buffers against the risks of stressors like ACES on
PTB. Indeed, studies have shown that factors such as social support, self-esteem, mastery, social
cohesion, and reciprocal exchange are protective against the effects of life stressors on the risk of
PTD.’678138 Fyrthermore, Zamani-Hank et al. (2022) found that religiosity was associated with a
lower odds of PTD among Black women and low SES women.® As a next step, | plan to assess
the role of religiosity and spirituality as potential modifiers of the relationship between ACEs
and PTD. Finally, it is possible that ACEs do not impact PTD in hypothesized ways. While the
stressor hypotheses have been proposed as an explanatory mechanism for PTD disparities, the
evidence is not clear,>92100.102,104

Strengths & Limitations. This study exhibits several strengths that address the gaps of

previous studies examining the relationship between ACEs and PTD. First, | used a large,
longitudinal dataset with data spanning over 20 years, which provided a plethora of data on
psychosocial variables such as adverse childhood experiences and potential protective factors.
Secondly, my research questions were informed by interdisciplinary theoretical frameworks,
particularly across developmental psychology and lifecourse epidemiology, which contribute a
paradigm shift in thinking about the importance of women’s health not just during the prenatal
period, but during preconception as well.*1437 |dentification of women during preconception
counseling and prenatal screening assessments who may be at higher risk for adverse pregnancy

outcomes (or other conditions, such as metabolic disorders, diabetes, depression, anxiety, etc.,

125



which may increase their risk of adverse pregnancy and birth outcomes) due to early life risk
factors is important for purposes of clinical intervention (i.e., connection to counseling and
therapy interventions).

In addition, | specifically assessed whether race and SES play an important role in class
membership or the relationship between class membership and PTD, which is important for
assessing whether specific groups of women are at greater risk of experiencing PTD as a result of
early adverse life experiences. Furthermore, | used latent class modeling as a person-based
methodological approach to determine whether co-occurring patterns of ACEs are important
predictors for PTD, instead of the common methodological approach of using a sum or count of
ACEs, which fails to account for potential interaction of risks among women.

Despite these strengths, this study entailed several limitations. While | took advantage of
a large, nationally representative dataset, my final analytic sample was not nationally
representative. Therefore, the diversity of my analytic sample was limited, as it was comprised
mostly of White and higher SES women, which limits generalizability to specific racial and SES
subgroups of women. However, given that Add Health is a uniquely large, diverse nationally
representative dataset with fives waves of data follow-up that incorporates data on health
outcomes from childhood through adulthood, this illustrates the lack of data on groups of people
identifying as Black, Hispanic, Asian, Pacific Islander, and American Indian and Alaska Native
who have pregnancies in prospective studies that can be used to understand the impacts of early
life experiences on pregnancy outcomes.

Furthermore, | was only able to assess six types of ACEs, which may limit
generalizability of findings to other types of ACEs (i.e., parental death or incarceration). Finally,

ACEs were operationalized as binary variables based on presence or absence of occurrence,
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which does not account for severity or frequency of occurrence. Future studies should
incorporate these characteristics into ACE measurement.
5.5 Conclusion

In this study, I applied latent class techniques to evaluate whether underlying subgroups
of ACEs were associated with PTD in longitudinal sample of n = 3,884 women from the
National Longitudinal of Adolescent to Adult Health (Add Health) using a health equity lens.
Overall, | found that latent class membership did not predict PTD, and that race and SES, for the
most part, did not play a significant role in latent class membership or the relationship between
latent class membership and PTD. While taking into consideration the limitations of this study
which limit generalizability of findings, these results suggest the following possibilities: 1) the
window of time between early life stressors and pregnancy may not be long enough for adverse
effects to manifest; 2) there may be a process of resilience due to specific protective factors, or
possibly a recalibration process, at play that reduces the risk of PTD among women who
experience ACEs during early life; or 3) ACEs may not exert their impacts in hypothesized ways
on the risk of PTD. As a next step, future studies can assess whether protective factors play a role
in the association between ACEs and PTD as one potential explanation.
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CHAPTER 6: DO RELIGIOSITY AND SPIRITUALITY MODIFY THE ASSOCIATION
BETWEEN ADVERSE CHILDHOOD EXPERIENCES AND PRETERM DELIVERY?
A LATENT CLASS MODERATION ANALYSIS

6.1 Introduction

Preterm delivery (PTD), occurring when an infant is delivered prior to 37 weeks of
gestation, is one of the leading causes of infant mortality in the United States and of significant
concern for child and maternal well-being.> Moreover, significant racial and socioeconomic
disparities in PTD have existed for over 30 years.>*2* Specifically, Black women exhibit a
disproportionately higher burden of PTD compared to White women, while women from lower
socioeconomic status (SES) backgrounds are at higher risk compared to women from higher SES
backgrounds.?3 While decades of foundational research have identified important risk factors for
PTD,® the exact cause of these disparities are still unclear.

A disproportionate exposure to life stressors has been proposed as one hypothesized
mechanism by which disparities in PTD may be influenced among women.**?” Specifically,
adverse childhood experiences (ACESs), defined as adverse life events occurring in the first 18
years of life, are a form of life stressor with important potential repercussions for pregnancy and
reproductive health. Indeed, ACEs have been associated with pregnancy loss, unintended
pregnancy, depression during pregnancy, and adverse birth outcomes,141820.39.58.111 Thjs research
suggests that while ACEs occur during an early period of development, their effects may
resonate throughout the lifecourse. Furthermore, as ACEs are more highly prevalent among
Black, Hispanic, and American Indian or Alaska Native children, and children from lower SES
backgrounds, they can contribute to, and exacerbate, disparities in PTD.2%3!

While complete prevention of ACEs altogether is the optimal solution for both child and

maternal health and well-being, prevention is not always feasible. Therefore, there is a critical
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research need to identify factors that may be protective against the risks of early life adversity on
adverse birth outcomes for purposes of clinical intervention.

Specifically, religiosity and spirituality (hereafter, R/S) are two types of potential
protective factors that have been studied in the context of pregnancy and reproductive health,
particularly on mental health during pregnancy, postpartum health, and health behaviors during
pregnancy.166:167.220-223 Moreover, R/S have been shown to be sources of strength for parents in
the face of traumatic pregnancy and birthing experiences such as pregnancy loss, still birth, and
infants requiring NICU care,178-180.224

However, very few studies have examined the impacts of religiosity and spirituality in the
context of birth outcomes- specifically, | found only one published study which examined PTD
of June 2022. In a study of n = 91 low-income Mexican-immigrant women from a prenatal clinic
in Texas, Page et al. (2021) found that frequency of prayer and level of religiosity significantly
increased the odds of PTD, contrary to their hypothesis.}”* While these findings provide some
insights into the association between religiosity and PTD, the sample size was small and not
racially diverse, precluding an ability to assess whether the effects of R/S on PTD might differ
across factors such as race and SES.

Addressing this gap in the literature, my previous research, using a sample of n=2474
pregnant women from the POUCH study in Michigan, found that while religiosity was not
associated with PTD among women overall, it was associated with an approximately 40%
reduction in the odds of PTD for both low SES women (OR 0.6, 95% CI 0.4-0.9) and Black
women (OR 0.6, 95% CI 0.4-1.0).8! These findings suggest that protective factors such as

religiosity may operate differently by race and SES to impact PTD.
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Indeed, studies show that religiosity is a particularly important coping mechanism in the
Black community, especially in the face of life stressors including “health issues, caregiving
burdens, chronic poverty, poor neighborhood conditions, structural exclusion, and interpersonal
and structural racism” (Chatters et al., 2008, p. 373).1% Religiosity has also been discussed as an
important coping mechanism among low-income populations, who may rely on religiosity and
spirituality to cope with chronic life stressors including unpredictable and unstable financial
situations.*¥’

Building upon this concept that religiosity and spirituality can be important resources in
the face of life adversity, religiosity and spirituality have also been studied as factors that may
buffer against the risk of adverse childhood experiences to promote positive health outcomes in
adulthood. Indeed, in a sample of n=4041 adults aged 25-74 from the Midlife in the United
States study, Homan & Hollenberger (2021) found that religious support during adulthood
moderated the effects of adverse childhood experiences on physical health (i.e., self-rated health,
functional limitations, and shortness of breath) in middle and late adulthood, although religious
identification, private religious practice, or religious service attendance did not.??® Furthermore,
in a sample of n=241 African-American adolescents from Texas among whom over 50%
experienced four or more ACEs , Freeny et al. (2021) spirituality was associated with a lower
odds of depression (OR=0.927, 95% CI1 0.892, 0.998, p=.04).2%

While these studies did not assess birth outcomes specifically, taken together, these
studies provide a foundation for investigating whether religiosity and spirituality might similarly
protect against the risk ACEs on adverse birth outcomes such as PTD. While studies demonstrate
that religiosity and spirituality are relied on by parents as sources of strength in the face of

traumatic pregnancy and birthing experiences (i.e., pregnancy loss, stillbirth, NICU),17818 3

131



PubMed search of “religiosity and preterm birth and adverse childhood experiences” as well as
“spirituality and preterm birth and adverse childhood experiences” yielded zero results as of June
2022, underscoring that research on the relationship between ACEs, preterm birth, and R/S is a
major gap in the literature.

Furthermore, many studies in the literature examine the impacts of either religiosity or
spirituality on health outcomes and often do not differentiate between the two concepts.’2173
While religiosity and spirituality are related concepts (and often examined as a single construct,
“R/S”, in the literature), they have important distinctions.!’41> In this study, 1 will assess
spirituality and religiosity as separate constructs, but also an aggregate construct (R/S) that
combines aspects of both concepts.

Finally, as Zamani-Hank et al. (2022) previously demonstrated that religiosity may
operate differently by race and SES,®! it is important to understand whether the degree to which
religiosity and spirituality may influence PTD differs within racial and SES subgroups, as the
assumption should not be made that all protective factors operate in the same way across all
groups of women. In other words, conducting this type of research through a person-centered,
healthy equity lens is important. Furthermore, as the Cls for the OR findings among Black
women and low SES women in Zamani-Hank et al. (2022) were close to the null, this provides
justification for conducting this research with a larger sample size.

Previously, in Chapter 5, I uncovered two latent classes among n=3,884 women in the
National Longitudinal Study of Adolescent to Adult Health- one characterized by low levels of
ACEs and the other characterized by high levels of ACEs. The current study aims to builds upon
this research and address the aforementioned gaps in the literature by examining the role that two

potential protective factors, religiosity and spirituality, play in the association between ACEs and
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PTD, and whether these factors operate differently by race and SES. Specifically, this study aims
to 1) Assess whether the mean levels of religiosity, spirituality, and a composite construct of
religiosity and spirituality (R/S), differ across the high ACEs class and the low ACEs class; 2)
Evaluate the role that religiosity, spirituality, and R/S play in the association between latent class
membership and PTD and 3) Examine whether these potential protective factors operate
differently within race and SES subgroups.
6.2 Methods
6.2.1 Study design, dataset, and study population

| conducted this study using restricted-use data from the National Longitudinal Study of
Adolescent to Adult Health (Add Health), a nationally representative, prospective longitudinal
study of adolescents initiated in 1994 by the Carolina Population Center and the University of
North Carolina at Chapel Hill.*82182 The purpose of this study was to assess the diverse
physiological, environmental, and psychosocial factors which influence adolescents’ health
outcomes, well-being, and their development in adulthood.'®? Add Health entailed a stratified,
multi-stage clustered sampling approach to select adolescents based on a national database of
middle schools and high schools across the United States.'® The Add Health study incorporates
in-school, at-home, and parental survey components and encompasses five waves of data follow-
up spanning 24 years: Wave | (1994-1995), Wave 11 (1996), Wave 11l (2001-2002), Wave IV
(2008-2009), and Wave V (2016-2018).182.183

This study focuses on the sample of n = 20,745 students who were selected to participate
in the at-home survey administration and to be followed up in the subsequent five waves of

follow-up. To promote the validity of self-reported data in the surveys, Add Health adopted the
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use of Audio Computer-Assisted Self-Interview (ACASI) and computer-assisted personal
interview (CAPI) techniques. 8318

My final analytic sample included n=3,884 female adolescents after exclusion of male
adolescents (n=10,263), female adolescents who did not report a pregnancy that resulted in a live
birth (n=6446) by 2018, female adolescents who did not report data on preterm birth for the first
birth in Wave V (n=71), female adolescents who were missing information on any weighting

variables (n=54), and female adolescents with missing data on race (n=13) (Figure 18).

Exclusion Criteria

N=20,743
) N = 10,263 male adolescents
N=10,480
, N = 6,446 female adolescents who
did not have a pregnancy that ended
N =4.034 in a live birth by 2018
o) N = 71 female adolescents who did
not report data on PTD for the first
N=3,963 birth in Wave V
—— ,
N = 66 female adolescents with
N =3,897 missing data on any weighting
variables
——
N = 13 female adolescents with
N=3884

missing data on race

Figure 18. Analytic sample for the latent class moderation analysis among n=3,884 women in the
National Longitudinal Study of Adolescent to Adult Health, 1994-2018.

6.2.2 Measures

Exposure variables. My exposure variables included six adverse childhood experiences

(ACEs) across three broad ACE categories: abuse (sexual, physical, emotional), neglect, and
household dysfunction (family member suicide attempt or death and foster care placement).

(Appendix Table D1). The selection of these ACEs was guided by both the conventional
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categories of ACEs examined in the original study on ACEs'®!" as well as the expanded
categories of ACEs identified in recent research.>®

Sexual abuse, physical abuse, and emotional abuse (one question each) and neglect (a
composite of three questions) were all modeled as binary variables (yes/no) based on the
reported frequency of occurrence. If occurrence was > 1, it was categorized as “yes” and “no” if
occurrence was 0. Foster care placement (one question) was modeled as a binary variable based
on reported occurrence (yes/no). Suicide (two guestions) was ascertained by the reported
occurrence of either a family member suicide attempt or death by suicide and similarly modeled
as a binary variable (yes/no). While the original Add Health survey question states the phrase
“successful suicide,” I use the phrase “death by suicide” in accordance with changing protocols

to avoid stigmatizing language such as “successful suicide.”28%1%

Outcome variable. My outcome of interest was preterm delivery (PTD), which was
modeled as binary (yes/no) based on the self-reported occurrence of a birth occurring earlier than
37 weeks of gestation. Research demonstrates that the accuracy of gestational age data collected
via maternal recall compares favorably to data obtained from medical records or birth
certificates.'®>19 Finally, information on PTD was collected in a different wave (Wave V: 2016-
2018) than the ACEs (Waves 1:1994-1995; Wave Il1: 2001-2002; Wave IV: 2008-2009).

Covariates. Religiosity and Spirituality. Religiosity (one guestion) was modeled as a
continuous variables based on a Likert scale of responses ranging from 0 (not religious at all) to
3 (very religious). Spirituality (one question) was modeled continuously, with responses ranging
from 0 (not spiritual at all) to 3 (very spiritual). An aggregate religiosity and spirituality variable

(R/S), modeled as continuous, was also developed based on the sum of the scores across three
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questions pertaining to spiritual and religious beliefs. The values for this variable ranged from 3-
15, where a higher score indicated higher R/S.

While the Add Health survey questionnaire did not define spirituality or religiosity, |
define religiosity as, “the degree which an individual believes, follows, and practices a religion”
(Damiano et al., 2019, p. 5).1 I define religion as “a personal set or institutionalized system of
religious attitudes, beliefs, and practices, and is the service or worship of God or the
supernatural.”*"2 Spirituality is generally a broader concept and encompasses the process of
finding meaning and a sense of peace in life.1’217417 It has been formally defined as, “...a
dynamic and intrinsic aspect of humanity through which persons seek ultimate meaning,
purpose, and transcendence, and experience relationship to self, family, others, community,
society, nature, and the significant or sacred. Spirituality is expressed through beliefs, values,
traditions, and practices (Puchalski et al., 2014, p. 646)”1"" Because of these distinctions in
definition, it is important to avoid the assumption that religiosity and spirituality necessarily
exert similar effects on health outcomes. Therefore, in this body of work, | examine religiosity
and spirituality separately, while also examining an aggregate R/S variable comprising questions
pertinent to both constructs

Religiosity, spirituality, and R/S variables were assessed during Wave 111 (2001-2002),
when the women were young adults (ages 18-26). Thus, these variables were assessed after the
period during which the occurrence of ACEs had already ended. See Appendix Table D2 for
details on the assessment of religiosity and spirituality variables.

Race (White, Black, Hispanic, Asian, Pacific Islander, American Indian or Alaska Native
(AIAN), Other) was collected by self-report. If a respondent self-reported as multi-racial, a

follow-up question was asked to inquire about the racial category with which they best identified
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with. In this study, | refer to race as the categorization of people into groups based on physically
identifying characteristics such as skin color that occurs in racially stratified societies. 1%
While race is a social construct and is not grounded in biology or genetics, it can significantly
influence the health and well-being of people and communities.**-1% In addition, while I use six
categories of race in this study, it is important to recognize that there is tremendous within-group
heterogeneity and diversity of ethnicities and nationalities. Finally, throughout this paper, |
intentionally capitalize the names for all racial subgroups to promote language that enhances
grammatical racial equity.t®’

Socioeconomic status (low SES, middle SES, high SES) was assessed as childhood
socioeconomic status and captured as a construct of six socioeconomic indicators, including
maternal occupation, paternal occupation, maternal education, paternal education, receipt of
public assistance, and annual household income (Appendix Table D3).1%° Informed by the
method used by Slaughter-Acey et al. (2016),'%° each of the six variables were dichotomized into
binary categories of 0 ( “low SES”) and 1 (“high SES”) (See Appendix Table D3 for
operationalization details). If data was missing for any of these six variables, this was classified
as low SES.1° The scores for each of the six variables were then tallied to create a sum score that
ranged from 0 to 6.1%° Based on the distribution of these scores, a composite SES variable with
three categories was created whereby scores less than the lower quartile (Q1 = 1) were classified
as “low SES”; scores > 2" quartile (Q2=2) and < 3™ quartile (Q3 = 3) were classified as
“middle SES,” and scores greater than the upper quartile (Q4 = 3) were classified as “high
SES.”%0 Figure 19 provides a summary of the Add Health waves of data collection, respective
ages of participants at each wave, and timing of assessment of all key variables in this

StUdy.182’183
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Wave | (1994-1995)

Age of participants: Variables assessed:
12-19 years old Childhood SES, Suicide

Wave Il (1996)

Age of participants: Variables assessed:
13-20 years old None

Wave 11 (2001-2002)

Age of participants: Variables assessed: Religiosity, Spirituality,
18-26 years old R/S, Neglect, Foster care placement

Wave IV (2008-2009)

Age of participants: Variables assessed: Physical abuse, sexual
24-32 years old abuse, emotional abuse

Wave V (2016-2018)

Age of participants: .
32-42 years old Variables assessed: Race, PTD

Figure 19. Timeline of Add Health data collection (1994-2018), respective ages of participants
during each wave, and key Add Health variables assessed in this study.
6.2.3 Statistical Analyses

Assessment of missing data. Observations with data missing for PTD, race, or weighting

variables were excluded from the analytic sample (n=150; 3.7%). An assessment of bias
demonstrated that removal of these observations did not significantly change the distribution of

exposure variables, outcome variable, and covariates between the analytic sample (n=3,884) and
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the reference population (n=4,034) (Appendix Table D4). Because these results indicated that
there is a low likelihood for selection bias (which promotes the internal validity of the findings),
this provided justification for the removal of these observations (Appendix Table D4). In
addition, I used Full-information maximum likelihood (FIML) with the assumption of missing at
random (MAR) to address missing data on any of the six ACEs that were used to inform the
latent classes. The purpose of this technique is to retrieve any available data on indicators
reported by respondents*®”2%° to maximize sample size and reduce possible selection bias. Less

than 5% (n=117) of the sample was missing data on ACEs.

Descriptive analyses. | implemented survey-weighted frequency procedures to obtain the
distribution for maternal characteristics, PTD, religiosity and spirituality variables, and ACEs for
the analytic sample (Table 17). Survey weights were applied to account for the stratified,
multistage sampling design of the Add Health study. | conducted these analyses using SAS
Statistical Software Package 9.4 (Cary, NC).

The means of religiosity, spirituality, and R/S were calculated for each latent class,
respectively, using survey-weighted latent class analyses in Mplus Version 8.6 (Muthén &
Muthén, 1998-2017)?% (Table 18). A Wald Test was implemented to evaluate any statistically
significant differences in the means between the two latent classes (Table 18).

Latent class moderation analysis with distal outcome. Previously (see Chapter 5), I

implemented survey-weighted latent class analyses with robust maximum likelihood estimation
(MLR) to derive the optimal fitting latent class model based on assessment of the following fit
statistics: log-likelihood, Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC), Consistent Akaike Information Criterion (CAIC), Sample Size Adjusted BIC (ssBIC),

Integrated Completed Likelihood Criterion with BIC approximation (ICL-BIC), and entropy.
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After identification of the optimal 2-class model comprising of the low ACEs class and
the high ACEs class, I conducted Vermunt’s 3-step approach to evaluate whether latent class
membership predicted the distal outcome of PTD.?! In this paper, | build upon my previous
distal outcome analyses by assessing whether three potential protective factors (religiosity,
spirituality, and R/S) modify the association between latent class membership and PTD (See
Figure 20 for the conceptual path diagram). This association was assessed in unadjusted models,
adjusted models (for race and SES), as well as in models stratified by race and SES subgroups.
Equation 1.11 depicts the adjusted overall logistic regression model for the latent class
moderation analysis.

Guided by the process outlined by Bauer & Steinley (2020, p. 8.8-8.12; 8.27-8.33),21 |
conducted a survey-weighted latent class moderation analysis using Vermunt’s 3-step approach
as follows. In Step 1, the posterior probabilities were calculated for the model, which represents
the probability that an individual belongs to a specific latent class, given their patterns of
responses on the six ACE indicators.?%?! In Step 2, the process of modal class assignment is
conducted, whereby cases are assigned to the latent class for which the individual has the highest
likelihood of belonging to (i.e., largest posterior probability).?*%2!! This second step also
calculates estimates of classification accuracy (i.e., level of error) based on the logits for the
classification probabilities for the most likely latent class membership?'® (See Appendix Table
D5 for the logits).

Finally, in Step 3 of Vermunt’s, modal class assignment is designated as the proxy
variable to represent latent class membership and PTD is regressed on the religiosity, spirituality,

and R/S, respectively, where the variables of race and SES are included for overall adjusted
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model and excluded for the unadjusted model. For the stratified models, SES is adjusted for in
the race stratified models, and race is adjusted for in the SES-stratified models.

This final step produces the findings for the Wald Test of parameter constraints, which
assesses Whether the regression of PTD on religiosity, spirituality, and R/S, respectively, differs
significantly between the two latent classes. Because latent class membership cannot be treated
as an independent variable on which the outcome variable can be regressed in Mplus, effect
modification by the respective protective factors was inferred by examining whether the effect of
PTD on religiosity, spirituality, and R/S, respectively, differed significantly across the classes as
informed by a Wald test (o = 0.05).

Because interaction effects are symmetric, if latent class membership moderates the
relationship between religiosity and PTD, for example, this is statistically equivalent to stating
that religiosity moderates the relationship between latent class membership and PTD.?*? While
these models are statistically equivalent, my conceptual framework specifically informed my
selection of religiosity, spirituality, and R/S as the potential effect modifiers, not latent class
membership. Therefore, while the results of the Wald test in Tables 19 and 20 specifically test
for differences in the relationship between religiosity, spirituality, and R/S, respectively, and
PTD by latent class membership, the interpretation is applied to religiosity, spirituality, and R/S
as the effect modifiers of the relationship between latent class membership and PTD.

| conducted a Wald test to assess whether religiosity, spirituality, and R/S modified the
relationship between the two latent classes and PTD in the overall sample (Table 19) as well as
in stratified analyses by race and SES (Table 20).

Based on the findings of the Wald test for the regression of PTD on the potential

protective factors in the overall sample, supplemental Wald test analyses were conducted to

141



evaluate whether the threshold for PTD differed significantly between the low ACEs and high
ACEs class at each of the four levels of religiosity and spirituality, and at each of the 12 levels of
R/S, in the overall sample (Table 21; Figures 21-23). Table 21 reports the thresholds of PTD,
probabilities of PTD, the results of the Wald test, as well as the odds ratios (ORs) which
represent the odds of PTD in the high ACEs class compared to the odds of PTD in the low ACEs
class among individuals at a specific level of religiosity, spirituality, and R/S. The relationship
between the threshold parameter and the probability of PTD is depicted in Equation 1.12 (Bauer
and Steinley, 2020, p. 7.4).21% Supplemental analyses were not conducted for the race and SES
stratified models but will be considered as next steps for future analyses. All latent class analyses
were conducted using Mplus Version 8.6 statistical software package (Muthén & Muthén, 1998-
2017).208
6.2.4 IRB Approval

This study was determined to be exempt from human subjects research under 45 CFR
46.104(d) 4(ii) by the Institutional Review Board (IRB) at Michigan State University. Permission
for use of the Add Health Restricted-Use dataset was granted by the Carolina Population Center

at the University of North Carolina at Chapel Hill.
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Figure 20. Conceptual diagram of the moderation analysis of the association between latent class

membership and PTD by religiosity, spirituality, and R/S in the National Longitudinal Study of
Adolescent to Adult Health (n=3,884), 1994-2018 where y1 (physical abuse); y2 (sexual abuse);
y3 (emotional abuse); y4 (neglect); y5 (attempted suicide or death by family members); y6
(foster care placement); z1 (PTD); e1-es (measurement error for each indicator); and M
represents each of the three potential protective factors, religiosity, spirituality, and R/S.

(1.11) logit(Yy) = Bo + B4 (xl,i) + B2(x2) + B3(x3 * x3) + Ba(xs) + Bs(xs) + Bo(xe) +
B7(x7) + Bg(xg) + Bo(xe) + B1o(x10) + B11(x11)

where Yi = 1 for PTB, x1 = membership in class i, x, = protective factor (i.e., religiosity,
spirituality, R/S, respectively), xs* xo = interaction term between class membership and
protective factor; and where ‘White’ is the reference group for race and ‘High SES’ is the

reference group for SES such that:
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Xa = {0 if not Black > *®

1 if Black L {1 if Hispanic o {1 if Asian )
0 if not Hispanic’ 6 ~ |0 if not Asian’

_ {1 if Pacific Islander o {1 if AIAN L {1 if Other ]
%7 =00 if not Pacific Islander > *® = 0 if not AIAN **® =0 if not Other’
_ {1 if low SES ) _ {1 if middle SES
*10 =10 if not low SES 11 10 if not middle SES

(1.12) 6 = ﬁ where §ijk is the probability of PTD for an individual in class k at a

particular level of a protective factor, and vjk is the threshold parameter estimate (Bauer and
Steinley, 2020, p. 7.4)%1°
6.3 Results
6.3.1 Descriptive Analyses

The descriptive characteristics of the analytic sample (n=3,884) are depicted in Table 17.
Most of the women in my sample were White (68.7%), from middle SES backgrounds (61.1%),
and married or cohabiting (75.7%). The prevalence of PTD was roughly 12%. Approximately
48% of women reported emotional abuse, followed by neglect (42.3%), physical abuse (20.2%),
sexual abuse (6.3%), family member suicide attempt or death (6.1%), and foster care placement
(2.7%). On a scale from 0-3 where 0 indicates ‘not religious/spiritual at all’ and 3 indicates ‘very
religious/spiritual,” the mean score for religiosity was 1.4 (SE=.02) and the mean score for
spirituality was 1.5 (SE=.02) (Table 17). The mean score for R/S was 10.4 (SE=.06), where the
distribution of scores ranged from 3 -15 and higher scores indicated higher R/S (Table 17). There
were no statistically significant differences in religiosity, spirituality, or R/S between the low

ACEs and high ACEs class (Wald Test p>.05 for all means, respectively) (Table 18).
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Table 17. Descriptive characteristics of the analytic sample in the National Longitudinal Study of

Adolescent to Adult Health, 1994-2018 (n=3,884)

n (Weighted %o)*

Overall
Race?
White
Black
Hispanic
Asian
Pacific Islander
American Indian or Alaska Native
Other
Socioeconomic status (SES)
Low
Middle
High
Marital status®
Married/Cohabiting
Not Married/Cohabiting
Maternal age at time of delivery (years)
<19
20-24
25-29
30-34
>35
Preterm Delivery (PTD)
Adverse childhood experiences (ACEs)*
Sexual abuse
Physical abuse
Emotional abuse

3,884

2297 (68.7%)
723 (14.4%)
517 (10.3%)
197 (2.9%)
32 (0.5%)

89 (2.4%)

29 (0.8%)

487 (12.5%)
2382 (61.1%)
1015 (26.4%)

2893 (75.7%)
667 (16.1%)

562 (14.5%)
1048 (28.2%)
1021 (24.9%)
807 (20.7%)
248 (6.2%)
514 (11.8%)

217 (6.3%)
738 (20.2%)
1793 (47.7%)

Neglect 1614 (42.3%)

Family member suicide attempt or death 216 (6.1%)

Foster care placement 90 (2.7%)
Protective Factors Mean (SE)

Religiosity 1.4 (.02)

Spirituality 1.5 (.02)

R/S 10.4 (.06)

percentages are survey-weighted to account for stratified sampling design of Add Health
2n=324 women with missing data on marital status

3n=198 women with missing data on maternal age

*n=117 women with missing data on any ACEs; ACEs are not mutually exclusive categories
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Table 18. Means for religiosity, spirituality, and R/S by latent class in the National Longitudinal

Study of Adolescent to Adult Health (n=3,884), 1994-2018

Variable Class 1 Mean Class 2 Mean Wald Test of
(Low ACEs Class) (High ACEs Class) Parameter
Constraints

Religiosity 1.4 1.4 X?=.001, df =1
p-value = 0.97

Spirituality 1.5 1.5 X?=.85, df=1
p-value = 0.36

R/S 10.4 10.4 X?=.03, df=1
p-value=0.85

6.3.2 Latent Class Moderation Analyses
6.3.2.1 Overall Sample

Religiosity. The results of the Wald test of parameter constraints indicated that the
association between religiosity and odds of PTD differed significantly by latent class
membership in both the unadjusted and adjusted models (X2=5.2, p=.02; X2=5.9, p=.02,
respectively) (Table 19). Therefore, this provides statistical evidence that the association
between latent class membership and odds of PTD differed significantly by religiosity.

Spirituality. The results of the Wald test of parameter constraints indicated that the
association between spirituality and PTD differed significantly by latent class membership in
both unadjusted and adjusted models (X2=5.5, p=.02; X2=5.7, p=.02, respectively) (Table 19).
This provides statistical evidence that spirituality modifies the association between latent class
membership and odds of PTD.

R/S. The Wald test of parameter constraints showed that the association between R/S and

PTD differed significantly by latent class in both unadjusted and adjusted models (X2=6.3,
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p=.01; X2=6.6, p=.01) (Table 19). This provides statistical evidence that R/S modifies the
association between latent class membership and odds of PTD.

Table 19. Wald Test for the assessment of statistically significant differences in the regression of
PTD on religiosity, spirituality, and R/S by latent class in the National Longitudinal Study of

Adolescent to Adult Health (n=3,884), 1994-2018!

Wald Test of Parameter Constraints

Religiosity

Model 1 (Unadjusted) X?=5.2, df=1
p-value = .02

Model 2 (Adjusted) X?=5.9, df=1
p-value = .02

Spirituality

Model 1 (Unadjusted) X?=5.5, df=1
p-value = .02

Model 2 (Adjusted) X?=5.7, df=1
p-value = .02

R/S

Model 1 (Unadjusted) X?=6.3, df=1
p-value = .01

Model 2 (Adjusted) X2=6.6, df=1
p-value = .01

!Adjusted models control for race and SES
Bolded values indicate statistical significance at p<.05

6.3.2.2 Stratified Latent Class Moderation Analyses

Table 20 presents the results for the stratified analyses by race and SES subgroups. While
the majority of findings were not significant, some within-group differences are noteworthy of
discussion.

Religiosity. The association between religiosity and PTD differed significantly by latent

class membership among White women (X?=4.9, p=.03), Pacific Islander women (X?=508.5,
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p<.001), and women who identified as Other (X?=24.4, p<.001). The association between
religiosity and odds of PTD varied by latent class membership among middle SES women only
(X?=4.7, p=.03). These results provide statistical evidence that religiosity significantly modifies
the association between latent class membership and PTD among White women, Pacific Islander
women, women who identified as Other, and middle SES women.

Spirituality. There were no statistically significant differences in the association between
spirituality and the odds of PTD by latent class membership for any of the SES subgroups (p-
values for all Wald Tests >.05, respectively) or the race subgroups, with the exception of women
who identified as Other (X?=205.1, p<.001). This means that spirituality significantly modified
the association between latent class membership and odds of PTD only among women who
identified as Other, but not for the majority of the race or SES subgroups.

R/S. In the race-stratified analyses, the association between R/S and odds of PTD varied
by latent class membership among White women (X?=5.6, p=.02) and Pacific Islander women
only (X?=365.9, p<.001). In the SES-stratified analyses, the association between R/S and the
odds of PTD varied by latent class membership among high SES women only (X?=12.2,
p<.001). These results indicate that R/S significantly modified the association between latent
class membership and odds of PTD among White women, Pacific Islander women, and high SES

women, but not for the majority of race or SES subgroups.
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Table 20. Race and SES-stratified Wald Test for the assessment of statistically significant

differences in the regression of PTD on religiosity, spirituality, and R/S by latent class in the

National Longitudinal Study of Adolescent to Adult Health (n=3,884), 1994-2018

Wald Test of Parameter Constraints

Religiosity

Race subgroups

White (n=2297)

X2=4.9, df=1, p-value = .03

Black (n=723)

X2=2.6, df=1, p-value=0.1

Hispanic (n=517)

X2=.04, df=1, p-value = 0.8

Asian (n=197)

X2=.05, df=1, p-value = 0.8

Pacific Islander (n=32)

X2=508.5, df=1, p-value <.001

Al/AN (n=89) X2=2.6, df=1, p-value = 0.1
Other (n=29) X2=24.4, df=1, p-value<.001
SES subgroups
Low SES (n=487) X2=3.4, df=1, p-value=.06
Middle SES (n=2382) X2=4.7, df=1, p-value=.03
High SES (n=1015) X2=0.4, df=1, p-value=0.5
Spirituality
Race subgroups
White (n=2297) X2=3.9, df=1, p-value = .05
Black (n=723) X2=1.8, df=1, p-value = 0.2
Hispanic (n=517) X2=.07, df=1, p-value = 0.8

Asian (n=197)

X2=0.8, df=1, p-value = 0.4

Pacific Islander (n=32)

X2=0.1, df=1, p-value = 0.8

Al/AN (n=89) X2=3.6, df=1, p-value = .06

Other (n=29) X2=205.1, df=1, p-value <.001
SES subgroups

Low SES (n=487) X2=3.5, df=1, p-value=.06

Middle SES (n=2382) X2=2.5, df=1, p-value = 0.1

High SES (n=1015) X2=3.2, df=1, p-value=0.1

R/S

Race subgroups

White (n=2297)

X2=5.5, df=1, p-value=.02

Black (n=723)

X2=1.7, df=1, p-value=0.2

Hispanic (n=517)

X2=0.1, df=1, p-value=0.8

Asian (n=197)

X2=0.3, df=1, p-value=0.3

Pacific Islander (n=32)

X2=365.9, df=1, p-value < .001

Al/AN (n=89)

X2=0.3, df=1, p-value=0.6

Other (n=29)

X2=0.8, df=1, p-value=0.4
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Table 20 (cont’d).

SES subgroups
Low SES (n=487) X2=0.6, df=1, p-value=0.5
Middle SES (n=2382) X2=1.6, df=1, p-value=0.2
High SES (1015) X2=12.2, df=1, p-value<.001

Bolded values indicate a statistically significant difference at p<.05;
AIl/AN American Indian or Alaska Native

6.3.3 Supplemental Latent Class Moderation Analyses

Religiosity. Among those who indicated they were not religious at all (religiosity = 0),
the odds of PTD in the high ACEs class was 80% lower than the odds of PTD in the low ACEs
class (OR 0.2, 95% C1 0.1-0.9), suggesting that for women who experience high levels of ACEs,
religiosity is not a protective factor against the odds of PTD (Table 21). However, among those
who indicated they were very religious (religiosity = 3) , the odds of PTD in the high ACEs class
was 3.4 times the odds of PTD in the low ACEs class, further confirming that high levels of
religiosity does not appear to be protective for those in the high ACEs class; in fact, these results
suggest that religiosity may be a risk factor for PTD. Figure 21 depicts the trend that as
religiosity increases for those in the low ACEs class, the probability of PTD decreases,
suggesting that religiosity is protective for those in the low ACEs class. However, for those in
the high ACEs class, the probability of PTD jumped significantly for those who are very
religious (p(PTD) = 0.22)).

Spirituality. The findings for spirituality showed a similar trend to religiosity.
Specifically, among women who indicated they were very spiritual, the odds of PTD among
those in the high ACEs class was 3.4 times the odds of PTD among those in the low ACEs class
(OR 3.4, 95% CI 1.4-8.4) (Table 21), suggesting that spirituality does not appear to be a
protective factor against PTD among women with high levels of ACEs. Figure 22 graphically

depicts these findings, showing that the probability of PTD for those in the high ACEs class was
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highest at the highest level of spirituality (p(PTD) = 0.24), compared to p(PTD) = .05 for those at
the lowest level of spirituality. Among those in the low ACEs class, the probability of PTD
seemed to decrease overall as spirituality increased, such that the probability of PTD was lowest
for those who were very spiritual (p(PTD) = 0.10)) compared to those who were not spiritual at
all (p(PTD)=0.18)).

R/S. The trend for R/S did not appear to be consistent across the 12 levels of R/S (Table
21; Figure 23). At the lowest level of R/S (R/S = 3), the probability of PTD among women in the
low ACEs class was higher than the probability of PTD among women in the high ACEs class,
but this difference in the thresholds for PTD was not statistically significant (p=0.34) (Table 21).
However, an increase in R/S by one unit (from 3 to 4) led to a dramatic change in the trend
(Figure 23), such that the probability of PTD among women in the high ACEs class who
reported an R/S level of 4 was significantly higher than the probability of PT among women in
the low ACEs class who reported an R/S level of 4 (p<.01; Table 21). This pattern remained at
the highest level of R/S (15), where the probability of PTD among women in the high ACEs
class who reported high levels of R/S was significantly higher than the probability of PTD
among women in the low ACEs class who reported high levels of R/S (p=.04; Table 21). These
results suggest that neither low nor high levels of R/S are necessarily protective against the risk

of PTD for women in the high ACEs class.

151



Table 21. Threshold, probability, and odds ratio estimates of PTD comparing two latent classes

across stratified levels of religiosity, spirituality, and R/S in the National Longitudinal Study of

Adolescent to Adult Health (n=3,884), 1994-2018!

Class 1 Class 2
Low ACEs Class High ACEs Class
Wald Test of Odds ratio?
p(PTD) Threshol p(PTD) Threshold Parameter (95% CI)
d Constraints?
Religiosity
Not 0.17 1.523 0.05 2.943 X?=4.9, df=1 0.2 (0.1,
religious p-value = 0.9)
at all 0.03
(n=771)
Slightly 0.11 2.280 0.17 1.764 X?=2.7, df=1 1.7 (0.9,
religious p-value = 0.1 3.1)
(n=1367)
Moderately 0.11 2.306 0.08 2.601 X?=0.66, df=1 0.7 (0.4,
religious p-value = 0.42 1.5)
(n=1321)
Very 0.09 3.659 0.22 2.434 X?=5.3, df=1 3.4 (1.2,
religious p-value = 9.7)
(n=425) 0.02
Spirituality
Not 0.18 1.084 0.05 2.590 X?=3.5, df=1 0.2 (.05,
spiritual p-value = 0.06 1.1)
at all
(n=607)
Slightly 0.10 2.497 0.13 2.186 X?=0.8, df=1 1.4 (0.7,
spiritual p-value=0.4 2.6)
(n=1348)
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Table 21 (cont’d).

Moderately 0.12 2.311 0.09 2.649 X?=0.9, df=1 0.7 (0.4,

spiritual p-value = 0.3 1.4)

(n=1287)

Very 0.1 2.880 0.24 1.656 X?=7.1, df=1 3.4 (1.4,

spiritual p-value <.01 8.4)

(n=642)

R/S

3 (n=71) 0.35 -0.018 0.09 1.353 X?=0.9, df=1 0.3 (0.0,
p-value = 0.34 4.2)

4 (n=32) 0.10 15.888 0.59 11.144 X2=9.4, df=1 114.9 (5.5,
p-value <.01 2401.4)

5 (n=54) 0.23 1.289 0.16 1.543 X2=0.0, df=1 0.8
p-value = 0.9 (0.0,13.8)

6 (n=172)  0.10 1.949 0.03 3.235 X2=1.3, df=1 0.3 (0.0,
p-value = 0.2 2.5)

7(n=181) 0.11 2.290 0.08 2.722 X2=0.1, df=1 0.6 (0.1,
p-value = 0.7 6.1)

8 (n=260) 0.16 1.033 0.11 1.493 X2=0.3, df=1 0.6 (0.1,
p-value = 0.6 3.5)

9 (n=563) 0.13 2.169 0.06 3.093 X2=2.0, df=1 0.4 (0.1,
p-value = 0.2 1.4)

10 (n=530) 0.12 2.150 0.11 2.195 X2=0.0, df=1 1.0 (0.3,
p-value = 0.9 2.7)

11 (n=554) 0.12 2.058 0.14 1.842 X2=0.2, df=1 1.2 (0.4,
p-value = 0.7 3.6)

12 (n=663) 0.10 2.564 0.18 1.870 X2=2.6, df=1 2.0 (0.9,
p-value = 0.10 4.6)

13 (n=316) 0.08 2.796 0.10 2.479 X2=0.2, df=1 1.4 (0.4,
p-value = 0.6 4.6)
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Table 21 (cont’d).

14 (n=204) 0.12 1.643 0.03 2.960 X2=2.0, df=1 0.3 (0.0,
p-value = 0.2 1.7)

15 (n=284) 0.08 2.996 0.22 1.714 X2=4.2, df=1 3.6
p-value = (1.1,12.2)
0.04

! Probability estimates are adjusted for race and SES
20OR comparing the odds of PTD in the high ACEs class compared to the low ACEs class
Bolded values indicate statistical significance at p<.05.

Figure 21. Comparing the probability of PTD between two the low and high ACEs class across
levels of religiosity in the National Longitudinal Study of Adolescent to Adult Health (n=3,884),

1994-2018
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Figure 22. Comparing the probability of PTD between the low and the high ACEs class across
levels of spirituality in the National Longitudinal Study of Adolescent to Adult Health (n=3,884),

1994-2018!
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Figure 23. Comparing the probability of PTD between the low and the high ACEs class across
levels of R/S in the National Longitudinal Study of Adolescent to Adult Health (n=3,884), 1994-

2018!
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6.4 Discussion

In this study, 1 1) Assessed whether the mean levels of religiosity, spirituality, and a
composite construct of religiosity and spirituality (R/S), differed across the high ACEs latent
class and the low ACEs latent class; 2) Evaluated the role that religiosity, spirituality, and R/S
play in the association between ACEs and PTD and 3) Examined whether these potential
protective factors operated differently within race and SES subgroups using data on n=3,884
women who gave birth in the National Longitudinal Study of Adolescent to Adult Health (1994-
2018).

The results of this study can be summarized by five key findings. First, the mean levels
of religiosity, spirituality, and R/S did not differ significantly between the low ACEs class and
the high ACEs class. Second, the association between latent class membership and the odds of
PTD differed significantly by religiosity, spirituality, and R/S in the overall sample of women.
Third, while religiosity, spirituality, and R/S did not modify the association between latent class
membership and odds of PTD for the majority of the race and SES stratified analyses, significant
differences existed for a few subgroups of women, including White women, Pacific Islander
women, women who identified as Other, middle SES women, and high SES women. Fourth, the
odds of PTD was significantly higher among women in the high ACEs class who were very
religious or spiritual than the odds of PTD among women in the low ACEs class who were very
religious or spiritual (OR 3.4, 95% 1.2-9.7; OR 3.4, 95% CI 1.4-8.4, respectively), suggesting
that neither religiosity nor spirituality appear to be protective against PTD for women in the high
ACEs class, but they were so for women in the low ACEs class. Finally, R/S was not protective
against PTD among women in the high ACEs class, as women with both lower and higher levels

of R/S exhibited a significantly higher probability of PTD compared to women in the low ACEs
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class with the same levels of R/S, although the trend was not consistent across the range of R/S
values.

As this is the first study in the literature, to my knowledge, to evaluate the relationship
between ACEs, religiosity, spirituality, and PTD as the primary outcome of interest, there are no
existing studies with which | can make a direct comparison of findings regarding PTD. However,
I will interpret my findings in the context of a few studies in the literature which have evaluated
whether religiosity and spirituality promote positive health outcomes among individuals with
ACEs, as follows.

My finding that religiosity and spirituality did not differ significantly between those in
the low ACEs class and the high ACEs class concurs with that of Liu et al. (2021) who did not
find significant differences in spirituality among those with and without adverse childhood
experiences in a sample of n=1929 adults from Singapore.??’” However, this study varied from
mine in study population demographics, sample size, country of study implementation, and
outcomes assessed (i.e., mental health disorders).

While my study found evidence that religiosity, spirituality, and R/S moderated the
relationship between latent class membership and PTD, the pattern of the moderation was not as
| expected. Specifically, the odds of PTD were significantly higher for women in the high ACEs
class who were very religious, very spiritual, or had high levels of R/S compared to women in
the low ACEs class, suggesting that for women who experience high levels of ACEs, religiosity,
spirituality, and R/S may not be protective against the occurrence of PTD, but may be protective
for women in the low ACEs class. My findings concur with Mefford et al. (2021), who found
that lower levels of religious/spiritual values/beliefs were associated with higher, not lower,

levels of adult life satisfaction in a sample of n=132 adults who experienced childhood loss.??®
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Furthermore, Brockie et al. (2018) did not find evidence that spirituality moderated the
association between ACEs and self-reported physical health, although social support and
diabetes-specific support did, in a sample of n=192 American Indian adults with Type 2
diabetes.??° Similarly, Homan & Hollenberger (2021) found that religious identification, private
religious practice, and religious service attendance did not moderate the association between
ACEs and self-rated physical health, but religious support did ($=.03, p<.05) in a sample of
n=4041 adults from the Midlife in the United States Study.??® In a sample of n=241 African
American adolescents from Texas, Freeny et al. (2021) found that while spirituality significantly
reduced the likelihood of depression ($=18.5, p<.05), they did not find evidence that spirituality
moderated the association between ACEs and odds of depression (3=1.57, p-value>.05).22

While these studies differed from mine in study population, sample size, and assessment
of ACEs, spirituality and religiosity, and health outcomes, these findings collectively suggest
that religiosity and spirituality may not necessarily buffer against the impact of ACEs on various
health outcomes. My findings build upon this body of work by providing evidence that
religiosity and spirituality do not appear to be protective against PTD among women with high
levels of ACEs.

The finding that higher levels of religiosity, spirituality, and R/S were associated with a
significantly lower odds of PTD among women in the low ACESs class compared to women in
the high ACEs class support the conceptual framework of an adversity threshold, whereby an
individual has a “...a limited capacity for handling traumatic exposures. When this capacity is
surpassed by the demands of adjusting to repeated or prolonged trauma exposure, disturbances
emerge” (Masten, 2014, p. 123).”? Once this adversity threshold is exceeded, a factor’s ability to

confer “protection” may also be diminished.” For example, for individuals who experience
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tremendously high levels of adversity, factors which are otherwise protective for low to moderate
levels of adversity, may lose their ability to confer protection, due to the severity of the adversity
that undermines the individual’s ability to cope, even in the presence of the protective factor.

In addition, some research suggests that not all ACEs are “equal” in their impact on PTD.
For example, research suggests that sexual abuse is a type of ACE that appears to be more
detrimental in its health impacts than other ACEs.1%%62 As sexual abuse was a more prevalent
characteristic in the high ACEs class, this could play a role in the findings. Moreover, while
there were no significant differences in exhibition of religiosity and spirituality between women
in the high ACEs vs. low ACEs class, religiosity and spirituality may function differently for
women who experience high levels of ACEs.

Indeed, in a sample of n=1800 individuals aged 15 years and older in the Czech Republic,
Kosarkova et al. (2020) found that both religious (R) and nonreligious (NR) individuals who
reported adverse childhood experiences such as sexual abuse perceived God in a less positive
light.?*® For example, they had a lower odds of viewing God as ‘loving’ (NR: OR 0.92, 95% CI
0.8-0.98; R: OR 0.86, 95% CI 0.77-0.97) or ‘forgiving’ (NR: OR 0.75, 95% CI 0.64-0.89; R: OR
0.82, 95% CI 0.68-0.99).%%° Furthermore, in a nationally representative sample of n=1000
individuals aged 15 and older in the Czech Republic, Janu et al. (2022) found that five types of
childhood trauma experiences (emotional abuse, physical abuse, sexual abuse, emotional neglect
and physical neglect) were all associated with higher odds of religious and spiritual struggles
(i.e., feelings of anger toward God, questioning religion or spirituality).?3* While these studies
did not specifically differentiate among those who had higher versus lower levels of ACEs, these
results suggest that religiosity and spiritualty may function differently among those who

experience ACEs, particularly higher levels of ACEs. More specifically, as spirituality and
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religion can lead to feelings of guilt,?*? spirituality and religiosity may not necessarily offer
solace for individuals who experience high levels of childhood adversity.

The finding that the majority of the race and SES stratified moderation analyses were not
significant is unexpected, given racial and socioeconomic patterns in the exhibition of religiosity
and spirituality,’***3" as well as the racial and SES disparities in the prevalence of ACEs.?%
This lack of significant findings may be due to the small sample size for the majority of non-
White women. However, as | used a large, diverse, nationally representative dataset with a
plethora of data on ACEs for my study, this highlights the data gaps regarding the participation
of non-White women in longitudinal studies which precludes more precise estimations of the
relationships between protective factors, PTD, and ACEs.

Furthermore, our findings could be influenced by influenced by selection bias. For
example, women who experience very high levels of childhood adversity may decide not to have
children or may not go on to have pregnancies which end in a live birth Indeed, as ACEs have
been linked to pregnancy loss and unintended pregnancy,3®°81* women who have a miscarriage
or who might elect to have an abortion as a result of an unintended pregnancy may not be
captured by our denominator of women with pregnancies that end in a live birth.

Strengths & Limitations

Strengths. One of the foremost strengths of this study is its contribution as the first
empirical study in the literature to study the relationship between ACEs, PTD, religiosity, and
spirituality. | used a large, nationally representative dataset with over 20 years of data on a
variety of psychosocial, health, and demographic variables to address my research questions. My
study evaluated the impacts of religiosity, spirituality, as well as an aggregate construct of both

(R/S), on PTD, while previous studies have commonly focused on one or the other. This is an
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important contribution because while religiosity and spirituality are related concepts, they exhibit
important differences, which may manifest differently on health outcomes. Furthermore, while
previous studies exploring the impacts of ACEs on PTD have commonly operationalized ACEs
as a count or sum score, my study evaluated more subtle patterns in the interactions between
different ACEs using latent class methods to assess whether co-occurring patterns of ACEs may
play an important role in PTD occurrence and disparities, a methodological contribution to the
perinatal literature.

Limitations. While this study entailed multiple strengths, the findings should be
interpreted in the context of its limitations. First, religiosity and spirituality were each assessed
by one question only. As the literature shows, these constructs are complex and
multidimensional,*™ therefore, future studies should incorporate more detailed scales of these
constructs. Furthermore, the religiosity and spirituality variables were assessed at one time point
only (in Wave I11). However, religiosity and spirituality are fluid constructs and may play a
stronger role at different time points and periods of development throughout an individual’s life.
Indeed, studies show that religiosity tends to decrease in young adulthood but increase in later
life.?®® Religiosity and spirituality were captured in Wave 111 when the women were young
adults, and this may explain the lower overall mean levels of religiosity and spirituality in the
sample.

While Add Health is a nationally representative dataset, my analytic sample was not, and
there were small sample sizes for non-White women in my analytic sample, which undermines
generalizability of the findings to these groups. As Add Health is one of the largest and most

nationally representative datasets with a diverse sample of adolescents and with a plethora of
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data on environmental, psychosocial, and biological lifestyle factors, this highlights a broader
challenge for participation rates of non-White women in national prospective studies.

Finally, while I was able to assess overall evidence of an interaction between latent class
membership and each of the potential protective factors using the Wald test, | encountered a
programming limitation as | was not able to specifically assess whether the beta coefficients for
the regression of PTD on latent class membership differed across levels of religiosity,
spirituality, and R/S. Therefore, | inferred effect modification of the association between latent
class membership and PTD by religiosity, spirituality, and R/S by assessing for statistically
significant differences in the regression of PTD on each potential protective factor between the
latent classes and conducted follow-up analyses to assess how the probability of PTD for each
latent class differs across levels of religiosity, spirituality, and R/S.

6.5 Conclusion

In this study, I applied latent class moderation methods using data on n=3,884 women
from the National Longitudinal Study of Adolescent to Adult Health to 1) Assess whether the
mean levels of religiosity, spirituality, and R/S differed between the high ACEs class and the low
ACEs class; 2) Evaluate the role that religiosity, spirituality, and R/S play in the association
between latent class membership and PTD and 3) Examine whether these potential protective
factors operated differently within race and SES subgroups. Overall, | found evidence that 1)
religiosity, spirituality, and R/S did not protect against PTD among women with high levels of
ACEs but did so for women with low levels of ACEs, and 2) religiosity, spirituality, and R/S did
not moderate the relationship between latent class membership and odds of PTD for the majority

of race and SES subgroups of women.
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These results suggest that religiosity and spirituality may be protective against PTD for
women who experience lower levels of ACEs, but not for those who experience higher levels of
ACEs. These findings support the argument for a adversity threshold below which protective
factors like religiosity and spirituality might function optimally to reduce the risk of PTD, and
above which weakens the protective influence of religiosity and spirituality on PTD.32"27 Future
studies should assess whether additional protective factors at the individual, interpersonal, and
community level similarly display this threshold functioning on the risk of PTD.
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CHAPTER 7: DISCUSSION

7.1 Summary of Findings

In this dissertation, | sought to investigate the relationship between adverse childhood
experiences, PTD, and two types of potential protective factors (religiosity and spirituality) using
a health equity framework, person-centered methodologic approaches, interdisciplinary theories,
and a large, longitudinal sample of women. Specifically, this body of work achieved three
specific aims:

» Aim 1. Determine the association between specific adverse childhood experiences
and odds of PTD and evaluate whether this relationship differs across race and
socioeconomic status.

» Aim 2. Identify subgroups of women characterized by early life patterns of ACEs and
determine the association between subgroup membership and odds of PTD.

» Aim 3. Examine the role that potential protective factors (i.e., religiosity and
spirituality) play in the association between ACEs and odds of PTD, and whether
these factors operate differently by race and SES.

Using data on n=3,884 women from the National Longitudinal Study of Adolescent to Adult
Health (Add Health, 1994-2018), | discovered the following key findings for each aim:

» Aim 1. First, | found that the mean ACE score differed significantly by race
(p<.001), but not SES (p=0.6). Secondly, the prevalence of PTD did not differ
significantly by race (p=0.3) or SES (p=0.6). Third, there were no statistically
significant associations between any of the six ACEs and odds of PTD among women
overall (all p-values >.05, respectively). Fourth, due to small sizes for some cells, |

was unable to obtain precise OR estimates for the association between ACEs and
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PTD for select subgroups of women, including low SES women, Pacific Islander
women, American Indian or Alaska Native women, and women who identified as
Other. Finally, while the majority of ORs were not statistically significant across all
groups of women, there were a few associations between specific ACEs and PTD that
differed across race subgroups, specifically for White women and Black women.
Specifically, physical abuse was associated with lower adjusted odds of PTD among
White women (OR 0.7, 95% CI 0.5-1.0) while sexual abuse was associated with
lower adjusted odds of PTD among Black women (OR 0.3, 95% CI1 0.1-0.9).

Aim 2. First, two underlying subgroups (i.e., classes) of women were identified,
where latent class 1 was characterized by a lower probability of experiencing ACEs
(the ‘low ACEs’ class) and latent class 2 was characterized by a higher probability of
experiencing ACEs (the ‘high ACEs’ class). The high ACEs class was distinguished
by significantly higher probabilities of emotional abuse, physical abuse, sexual abuse,
and foster care placement (p<.05, respectively). Second, | found that neither race nor
SES predicted latent class membership (all OR 95% confidence intervals
encompassed the null value of 1.0 for all race and SES subgroups). Third, | found
that latent class membership did not predict PTD (X?=0, p>.05). Fourth, while the
majority of the race and SES stratified analyses were not statistically significant, |
found that the relationship between class membership and PTD differed significantly
for women who identified as Other and for low SES women, but not for other
subgroups of women.

Aim 3. First, | found that the mean levels of religiosity, spirituality, and R/S did not

differ significantly between the low ACEs class and the high ACEs class (X?=.001,
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p>.05; X?=.85, p>.05; X?=.03, p>.05, respectively). Secondly, | found that religiosity,
spirituality, and R/S significantly modified the relationship between latent class
membership and odds of PTD in both unadjusted and adjusted models (all p-values
<.05, respectively). Third, while religiosity, spirituality, and R/S did not moderate
the association between latent class membership and PTD, respectively, for the
majority of race and SES subgroups, a few significant associations were found among
White women, Pacific Islander women, women who identified as Other, middle SES,
and high SES women. Fourth, high levels of religiosity, spirituality, and R/S
significantly increased the odds of PTD among women in the high ACEs class
compared to women in the low ACEs class (OR 3.4, 95% CI 1.2-9.7; OR 3.4, 95% CI
1.4-8.4; OR 3.6, 95% CI 1.1-12.2, respectively), suggesting that religiosity,
spirituality, and R/S are not protective for women who experience high levels of
ACEs but may be protective at lower levels of ACEs.
7.2 Comparison of Findings with the Literature and Contextualization within Theory
7.2.1 Assessment of Findings Pertaining to the Latent Classes and Association with PTD
To my knowledge, this is the first study in the literature to apply latent class methods to
assess patterns of adverse childhood experiences (ACEs) and their relationship to PTD using a
large, longitudinal dataset of women. In Chapter 4, | discovered two latent classes of women-
one characterized by a lower probability of experiencing ACEs and the other characterized by a
higher probability of experiencing ACEs, and in Chapter 5, | assessed whether the probability of
PTD differed significantly across these two classes. My findings can be best interpreted in light

of two previous studies (Koning & Ehrenthal, 2019; Deichen Hansen, 2021) which uncovered
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different classes of women, characterized by a diverse array of maternal characteristics and risk
factors, and evaluated their association with PTD.%%-205
7.2.1.1 Comparison of Findings with Koning & Ehrenthal (2019) ¢

Using hierarchical clustering on principal components analysis, Koning & Ehrenthal
(2019) identified three clusters (designated “stressor landscapes”) of mothers characterized by
varying patterns of eleven types of maternal stressful life events occurring in the year prior to
childbirth, which they labeled the “Protected Landscape” (characterized by an overall low
prevalence of stressful life events), “Illness/Isolated Stressor Landscape” (characterized mostly
by illness-related life events), and “Toxic Stressor Landscape” (characterized by an overall high
prevalence of acutely stressful life events) using data on n=111,330 women from PRAMS (32
states; 2011-2015).5° The protected landscape comprised 62.8% of the sample, the
illness/isolated stressor landscape comprised 24.5% of the sample, and the toxic cumulative
landscape comprised 12.8% of the sample.®® On the other hand, in my study, | uncovered two
classes of women, one characterized by a higher risk of ACEs (which comprised 24.9% of the
sample), and the other by a lower risk of ACEs (which comprised 75.1%). While the number of
identified classes of women varied between my study and that of Koning & Ehrenthal (2019), the
identification of “high risk™ and “low risk” groups are consistent themes. Furthermore, the
proportion of individuals in the high risk groups compare between the studies.

Next, the authors found that women in the toxic stressor landscape had a higher
prevalence of preterm birth (9.6%) compared to those in the Protected (7.5%) and
Iliness/Isolated landscape (7.8%). However, an assessment of whether these differences were
statistically significant was not included, making it difficult to decipher where these percentage

differences are meaningfully different and therefore preclude an accurate comparison with my
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study, which found no statistically significant differences in the probability of PTD between the
low ACEs and high ACEs class (.097 vs. .098, respectively).

Furthermore, the Toxic Stressor Landscape had a higher prevalence of non-Hispanic
Black (17.7%) and Hispanic (14.4%) women compared to the Protected Landscape, which
included 7.1% non-Hispanic Black women and 11.9% Hispanic women, but a statistical
assessment of differences was not provided.®® In my study, neither race or SES predicted
membership in the low ACEs or high ACEs class. In addition, | found that the relationship
between class membership and PTD did not vary significantly within racial or SES subgroups of
women, except for women who identified as Other and low SES women. Specifically, in the
race-stratified analyses, the relationship between class membership and PTD differed for women
who identified as Other, where women who identified as Other in the low ACEs class exhibited a
higher probability of PTD than women who identified as Other in the high ACEs class. As we
cannot disaggregate the identity of who comprises the women who identified as “Other,” these
results are difficult to meaningfully interpret. However, it is possible that this group comprises
multiracial women who could not answer the follow-up question of which group of their
multiracial identity they best identified with, and therefore decided to select “Other.”

Furthermore, | found that the relationship between latent class membership and PTD
differed for low SES women, as low SES women in the low ACEs class experienced a higher
probability of PTD compared to low SES women in the high ACEs class. This is unexpected, as
low SES women are at higher risk of experiencing more ACEs and PTD.>?82° |t is possible that
low SES women in the high ACEs class are more likely to seek help due to the severity of their
experiences, or are more likely to be identified as “high risk” during clinical assessments and

therefore connected to intervention services that may ultimately reduce their risk, whereas lower
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SES women in the low ACEs class may be in denial over whether to seek assistance if they
experience fewer — or isolated- incidents of ACEs.

While our findings converged in a few important ways, there are several discrepancies
between my study and that of Koning & Ehrenthal (2019) that must be taken into consideration
for a comprehensive comparison of the findings. First, Koning & Ehrenthal (2019) assessed an
exposure during a different time period; they solely examined stressful maternal life events
occurring in the year prior to childbirth,%° whereas my study examined adverse childhood
experiences occurring in the first 18 years of life. Second, there were important differences in
analytic sample size and study population. Koning and Ehrenthal (2019) used PRAMS data on
n=111,330 postpartum women across 32 states and New York City from 2011-2015.%° While this
sample size is considerably larger than ours (n=3,884), the PRAMS dataset was not nationally
representative. In addition, Koning & Ehrenthal (2019) assessed gestational age for preterm birth
based on birth records, which allows for greater accuracy of PTD reporting compared to my
study, which was only able to assess PTD based on self-reported data. However, studies
demonstrate that the accuracy of self-reported data on gestational age compares favorably with
data obtained from medical records.'®>*% In addition, while their analytic sample was limited to
only four racial groups (non-Hispanic White, non-Hispanic Black, Hispanic, and American
Indian or Alaska Native), mine included seven (White, Black, Hispanic, Asian, Pacific Islander,
American Indian or Alaska Native, and Other), which enhances generalizability.
7.2.1.2 Comparison of Findings with Deichen Hansen (2021)2%

Deichen Hansen (2021) used latent class analytic methods to identify underlying classes
of women defined by patterns of various maternal demographic characteristics, behavioral health

indicators, and physical health indicators, and assess whether these classes are associated with

170



two infant health outcomes, preterm birth (PTB) and low birthweight (LBW) among a sample of
n=4336 women from Pennsylvania and Illinois using the Pregnancy Risk Assessment
Monitoring System (PRAMS).?® Although Deichen Hansen (2021) uncovered three types of
latent classes (high risk, moderate risk, and low risk) based on maternal characteristics as well as
their risk of PTB and LBW, the theme of discovering subgroups of women with higher and
lower risks is consistent with mine.

Furthermore, while overall I did not find major racial and socioeconomic differences
between the low ACEs and high ACEs class, Deichen Hansen (2021) found racial and
socioeconomic differences between the classes such that the high risk class included a greater
proportion of Black women, women who used Medicaid, and had lower annual incomes and
educational achievement, compared to women in the low risk and moderate risk classes.?®
Furthermore, while 1 did not find statistically significant differences in the probability of PTD
between my classes, Deichen Hansen (2021) found that the high risk class was linked to a
significantly higher probability of PTD compared to women in the moderate-risk class (p<.001)
and the low-risk class (p<.001).2%°

The discrepancies between my findings and those of Deichen Hansen (2021) are likely
due to the following reasons. First, while I used data on n=3,884 women from a nationally
representative Add Health dataset, Deichen Hansen (2021) used PRAMS data on n=4336 women
from only two states (Pennsylvania and Illinois) between 2012 and 2015, which limits
generalizability of their findings. Moreover, the author’s analytic sample was restricted to White
and Black women only, which further limits generalizability of these findings to other racial
subgroups of women, as opposed to my study, which included seven categories of race. In

addition, the exposures assessed in these two studies were different: my latent classes were
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informed by six ACEs occurring in the first 18 years of life, whereas the latent classes of
Deichen Hansen (2021) were informed by maternal demographic characteristics, and behavioral
and physical health indicators during pregnancy.?%®

7.2.2 Assessment of Findings Pertaining to the Role of Religiosity and Spirituality in the
Relationship between ACEs and PTD

In Chapter 6, | found evidence of effect modification by religiosity, spirituality, and R/S.
Specifically, | found that religiosity, spirituality, and R/S significantly increased the odds of PTD
among women in the high ACEs class, but not among women in the low ACEs class, suggesting
that for women who experience low levels of ACEs, religiosity, spirituality, and R/S may be
protective against the occurrence of PTD, but not for women who experience high levels of
ACEs, contrary to my expectations that these variables would offer more protection against PTD
for women who experienced high levels of ACEs.

While my study is the first body of work, to my knowledge, to evaluate the relationship
between ACEs, religiosity and spirituality, and the health outcome of PTD, here | will interpret
my findings in light of a few limited studies in the literature which have assessed the role of
religiosity and/or spirituality in protecting against the risk of ACEs on other health outcomes.

My findings concur with Mefford et al. (2021), who found that lower levels of
religious/spiritual values/beliefs were associated with higher, not lower, levels of adult life
satisfaction in a sample of n=132 adults who experienced childhood loss.??® My findings that
religiosity and spirituality did not protect against PTD among women with high levels of ACEs
concur with those of Brockie et al. (2018), who did not find evidence that spirituality moderated
the association between ACEs and self-reported physical health, although social support and

diabetes-specific support did, in a sample of n=192 American Indian adults with Type 2
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diabetes.??° Furthermore, Homan & Hollenberger (2021) found that religious identification,
private religious practice, and religious service attendance did not moderate the association
between ACEs and self-rated physical health, but religious support did ($=.03, p<.05) in a
sample of n=4041 adults from the Midlife in the United States Study.?®® Finally, in a sample of
n=241 African American adolescents from Texas, Freeny et al. (2021) found that while
spirituality was associated with a reduced odds of depression (OR =0.927, 95% CI 0.881-0.976),
they did not find evidence that spirituality moderated the association between ACEs and odds of
depression (B=1.57, p-value>.05).2%

While these studies differed from mine in terms of demographics of the study population,
sample size, assessment of ACEs, assessment of spirituality and religiosity, and types of health
outcomes assessed, the overall pattern of these findings suggest that religiosity and spirituality
may not necessarily buffer against the impact of ACEs on various health outcomes. While
religiosity and spirituality have been associated with improved health outcomes (Koenig,
2012),%2* and as a buffer against the impacts of stressors on various health outcomes,134135148.23
few studies have specifically looked at the role of religiosity and spirituality as a buffer against
ACEs, and no studies have looked at the specific role of religiosity and spirituality in the
association between ACEs and PTD. The findings from my study suggest that religiosity and
spirituality may not operate in a protective manner against PTD among those who experience the
specific life stressor of ACEs, particularly high levels of ACEs. Indeed, my results even suggest
that high levels of religiosity and spirituality may have adverse impacts on PTD among those

who experience higher levels of ACEs.
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7.2.3 Contextualization of Findings within Theory

This body of work was heavily informed by theoretical frameworks across social
epidemiology and developmental psychology, particularly lifecourse theory and psychosocial
theory, to understand how biological embedding of adverse childhood experiences during an
early developmental life period can impact health outcomes distally in adulthood, and whether
there are psychosocial factors that may protect against the impact of early adversity on future
health outcomes.

In Chapter 4, my findings showed that specific adverse childhood experiences were not
significantly associated with PTD among women overall and for the majority of race and SES
subgroups of women. In Chapter 5, | found that the likelihood of PTD was not significantly
different between those in the low ACEs class and those in the high ACEs class among women
overall. These findings were consistent in the race and SES stratified analyses with the exception
of women who identified as Other and low SES women.

While taking into consideration the limitations of my study, which will be summarized in
the next section, these results suggest that ACEs may not impact PTD in hypothesized ways,
particularly in this sample of women. Specifically, while ACEs occur during sensitive periods in
childhood and adolescence which are ripe for biological embedding of adverse (and positive)
experiences, the biophysiological impacts may not ultimately impact reproductive health to the
degree that would lead to adverse birth outcomes. Alternatively, because pregnancy usually
occurs in an early stage of a women'’s life stage, it is possible that the length in time between
occurrence of ACEs and time of pregnancy is not long enough for any adverse physiological
effects associated with early life adversity to manifest.3? As the majority of the women in my

study had a young maternal age (20-29 years), this is a possibility.
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Alternatively, these results may provide support for another explanation in relation to
resilience theory. It is possible that the female adolescents who experienced ACEs during
childhood subsequently encountered some sort of protective factor(s) that ultimately reduced
their risk of future adverse health outcomes, although the protective factor would have to be very
strong. Furthermore, because of the gap in time between occurrence of ACEs and the time of
occurrence of pregnancy, this could allow for a process of “resetting” of physiological systems
that may have been disrupted as a result of the early life stressors.>8485

For example, studies by Gunnar et al. (2019) and DePasquale, Donzella, & Gunnar
(2019) demonstrated that institutionalized orphans who experienced early life adversity (i.e., a
deprived caregiving environment) but were later adopted by nurturing families experienced a
normalizing of HPA axis reactivity during later stages of puberty that compared to levels among
children who did not experience early life adversity and were not adopted.8*8> These findings
suggest that the adolescent period may represent an opportunity for “recalibration” of any
potential disruptive effects of early life adversity on physiological neuroendocrine systems,
particularly if a positive environment is encountered with protective resources that can buffer
against the effects of early life adversity on physiological stress systems.

Building upon this framework for the potential of protective resources to buffer the
impacts of early life adversity, in Chapter 6 I investigated whether two types of potential
protective factors, religiosity and spirituality, play a role in reducing the risk of PTD among
individuals with ACEs. | found that high levels of religiosity, spirituality, and R/S (a composite
construct of religiosity and spirituality) significantly decreased the odds of PTD among women
in the low ACEs class, but not among women in the high ACEs class. These findings suggest

that for women who experience low levels of ACEs, religiosity, spirituality, and R/S may be
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protective against the occurrence of PTD, but not for women who experience high levels of
ACEs.

The broader implication of these findings is relevant to the conceptual framework of
adversity thresholds, whereby an individual’s ability to cope with adversity can become
undermined after a severe or acute level of adversity has been surpassed.’? Furthermore, once a
threshold of severe adversity has been exceeded, factors which may otherwise be protective
might lose their effectiveness to buffer against the adversity.”® For example, for individuals who
experience tremendously high levels of adversity, factors which may otherwise be protective in
the context of low to moderate levels of adversity, may lose their ability to confer protection, due
to the severe or prolonged nature of the adversity that undermines the individual’s ability to
cope.

In addition, some research suggests that not all ACEs are “equal” in their impact on
health outcomes.®* For example, sexual abuse is an ACE that appears to be more detrimental in
its health impacts compared to other types of adverse experiences.**-62 Margerison-Zilko et al.
(2016) found that sexual abuse during childhood and adulthood significantly increased the odds
of PTD among women, but not physical abuse.'® Briggs et al. (2021) found that sexual abuse
formed the highest number of synergistic pairings of ACEs, meaning its co-occurrence with
another ACE contributed to a greater proportion of the attributable risk for clinical behavioral
problems among children and adolescents than the sum of the effects of the ACEs individually.*
Putnam et al. (2013) similarly identified sexual abuse as the most detrimental ACE on adult
psychopathology, particularly for women.®? As sexual abuse was a more prevalent characteristic

in the high ACEs class, this could play a role in my findings.
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Furthermore, while there were no significant differences in mean religiosity and
spirituality between women in the high ACEs vs. low ACEs class, religiosity and spirituality
may function differently for women who experience high levels of ACEs. For example, in a
sample of n=1800 individuals aged 15 years and older in the Czech Republic, Kosarkova et al.
(2020) found that both religious (R) and nonreligious (NR) individuals with childhood trauma
experiences such as sexual abuse viewed the image of God in a less positive light, exhibiting a
lower odds of viewing God as Loving (NR: OR 0.92, 95% CI 0.8-0.98; R: OR 0.86, 95% CI
0.77-0.97) or Forgiving (NR: OR 0.75, 95% CI 0.64-0.89; R: OR 0.82, 95% CI 0.68-0.99).2%

In a nationally representative sample of n=1000 individuals aged 15 and older in the
Czech Republic, Janu et al. (2022) found that five types of childhood trauma experiences
(emotional abuse, physical abuse, sexual abuse, emotional neglect and physical neglect) were all
associated with higher odds of religious and spiritual struggles (i.e., feelings of anger toward
God; questioning religion or spirituality).?®* While these studies did not specifically differentiate
among those who had higher versus lower levels of ACEs, these results suggest that religiosity
and spiritualty may function differently among those who experience ACEs, particularly higher
levels of ACEs. More specifically, as spirituality and religion can lead to feelings of guilt,?*
spirituality and religiosity may not necessarily offer solace for individuals who experience high
levels of childhood adversity.

7.3 Summary of Limitations

The findings of this dissertation work must be contextualized within its limitations. First,
while I used a diverse, nationally representative dataset, my analytic sample was not nationally
representative, as it disproportionately comprised of White women (~70%) and women from

middle and high SES backgrounds (~90%). This limits generalizability of my findings to other
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racial and SES groups. These groups of women are also at lower risk for PTD, which may have
contributed to the overall non-significant findings. Furthermore, as discussed in my findings
across Chapters 4-6, due to limited cell sizes for some groups of women, | was unable to derive
precise estimates for some race stratified analyses.

In addition, as most of the ACEs were collected when the female adolescents were in
adulthood, this could have introduced the potential for retrospective recall bias, particularly
underreporting due to stigma, which could have underestimated the true relationship between
ACEs and PTD.%5" While Add Health used ACASI/CAPI methods to enhance the reporting
accuracy of sensitive information, this possibility cannot be fully ruled out. Furthermore, there is
some evidence that women may “minimize or deny” occurrence of ACEs assessed during
pregnancy and the postpartum period.?%

Furthermore, women who experience high levels of ACEs may be more likely to 1)
decide not to have children'® 2) have difficulties becoming pregnant due to physical trauma (i.e.,
physical and/or sexual abuse) or other health conditions as a result of the ACEs (i.e., depression,
anxiety); 3) experience a pregnancy loss®® or 4) possibly have an abortion as a result of an
unintended pregnancy,3®!'! and therefore may not be captured in my denominator of women who
have pregnancies that end in a live birth, resulting in a potential selection bias that can
underestimate the association between ACEs and PTD.

Furthermore, | was only able to assess six types of ACEs, which may limit
generalizability of findings to other types of ACEs (i.e., parental death or incarceration). Also,
ACEs were operationalized as binary variables based on presence or absence of occurrence

(yes/no), which does not account for severity or frequency of occurrence. Hypothetically, the
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more frequently an adverse experience occurs and the longer it occurs, the opportunity for
physiological stress systems to recover or recalibrate may be diminished.

In addition, religiosity and spirituality were captured by one question only. As the
literature shows, these constructs are complex and multidimensional, therefore, future studies
should incorporate more detailed scales of these constructs. Furthermore, religiosity and
spirituality variables were assessed at one time point only. As religiosity and spirituality are fluid
constructs, their significance and meaning may wax and wane over an individual’s lifecourse.
For example, studies show that religiousness tends to decrease in young adulthood but increase
in later life.?*® Religiosity and spirituality were captured in Wave |11 when the women were
young adults, and this may explain the lower overall mean levels of religiosity and spirituality in
the sample.

Finally, while my study incorporated a lifecourse study design, it does not account for
macro-level factors at the socioecological level?!62%" that may contribute to, and perpetuate,
disparities in both ACEs and PTD, such as institutional racism, and unequal access to education,
health care, insurance coverage, and comprehensive mental health and counseling services.
Furthermore, it is important to acknowledge that factors at the individual (i.e., religiosity)
interpersonal (i.e., social support), and community levels (i.e., access to recreational areas) are
interrelated, and macro-level factors such as institutional racism have the ability to impact
individuals at all socio-ecological levels.

7.4 Summary of Strengths

Despite the limitations, this body of work represents a significant contribution to the

literature in several domains. Specifically, this is the first study in the literature to evaluate the

relationship between ACEs, religiosity and spirituality, and PTD. Furthermore, this is the first
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study in the perinatal literature to apply latent class methods to evaluate patterns of ACEs and
their association to PTD and whether this relationship differs by race and socioeconomic status. |
used latent class modeling as a person-based methodological approach to determine whether co-
occurring patterns of ACEs are important predictors for PTD, instead of the common
methodological approach of using a sum or count of ACEs, which fails to account for potential
interactions between multiple risk factors for PTD among women who give birth.

My dissertation’s application of a racial and socioeconomic health equity framework is
an important contribution as it enhances understanding of whether specific groups of women
may be at greater risk of experiencing PTD as a result of early adverse life experiences, which is
important for clinical intervention. Furthermore, the development of my research aims was
heavily informed by interdisciplinary theoretical frameworks, particularly across developmental
psychology and lifecourse epidemiology, which contributes to a paradigm shift in thinking about
the importance of women’s health not just from the perspective of the prenatal period, but from
the preconception period as well, building off of foundational literature that underscores the
importance of the preconception period as a “critical means of identifying, managing, and
treating risk factors originating prior to pregnancy that can harm fetal development”
(Margerison-Zilko et al., 2020, p. 1).%%®

These frameworks influenced my study design and selection of Add Health as the dataset
for my dissertation, as it uniquely captures detailed information on life events occurring during
childhood and adolescence and follows these individuals for 20 years to capture health outcomes
during adulthood, including pregnancy and birth outcomes. This dataset allowed me to tailor my

research questions to encompass a lifecourse study design.3"-
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7.5 Public Health Implications

The findings of my dissertation carry several implications for public health practice and
clinical intervention. First, as the evidence for an association between ACEs and PTD was weak,
this could suggest that ACEs do not impact PTD in hypothesized ways. To this point, the
literature on stressor hypotheses and preterm delivery has been mixed.® It is possible that the
biological embedding of ACEs during childhood and adolescence may not impact reproductive
outcomes to the degree that they impact cases of chronic disease, risky health behaviors, and
mental health conditions. Furthermore, as women have been carrying pregnancies for millennia,
the human body has most likely evolved some inherently resilient adaptive mechanisms to buffer
against environmental stressors for the purposes of survival.

Alternatively, these findings may suggest the involvement of a very strong protective
factor, or factors, that buffer against the effects of early life adversity on preterm delivery.
Furthermore, the length of time between occurrence of ACEs during childhood and occurrence
of pregnancy may allow for a process of resetting or recalibration of any physiological
disruptions influenced by ACEs during late adolescence particularly in the presence of protective
factors (i.e., nurturing caretaking environment),34#° therefore reducing the risk of future adverse
birth outcomes. In addition, the length of time between occurrence of ACEs and occurrence of
pregnancy may not be long enough for any adverse physiological effects triggered by early life
adversity to manifest,3 particularly for women who become pregnant at a younger age.

The length of time between ACE exposure and time of pregnancy offers a unique
opportunity period for clinical intervention and counseling services to help “identify, affirm, and
build” the repertoire of protective factors among children exposed to ACEs, especially during the

peripubertal period (Walsh, 2016, p. 140).** Underscoring the importance of this period and the
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potential for intervention, Gunnar states, “...intervention efforts to improve outcomes for
children who have experienced early life adversity should include a focus on the prepubertal and
peripubertal period in order to maximize their impact on recalibrating systems like the HPA
axis” (Gunnar et al., 2019, p. 23984).8% Health assessments at primary care visits and school-
based assessments may identify children with a history of ACE exposures and connect them to
appropriate community-based services to promote a trajectory of positive health outcomes.?*°
Furthermore, | found that religiosity, spirituality, and R/S significantly reduced the odds
of PTD for women in the low ACEs class, but not for those in the high ACEs class. As
previously discussed in Section 7.2.3, religiosity and spirituality may not be “protective factors”
for women with acute, high levels of ACEs. This suggests the possibility of a type of threshold
effect, whereby specific factors may lose their potential to serve as protective resources in the
face of acute and prolonged adversity.”® This underscores the concept that not all factors may be
considered protective for all groups of women, which has important implications for clinical
interventions. For example, preconception counseling services and prenatal assessments offer the
opportunity to conduct a thorough life history assessment to identify early life adversity risk
factors and needs assessments that identify and assesses the availability of an individual’s
protective factors that can help promote resilience, such as the Walsh Family Resilience
Questionnaire.*®
7.6 Directions for Future Research
The findings of this dissertation inform several directions for future research. First and foremost,
future research on this important topic needs to include larger sample sizes for non-White groups

of women to enhance generalizability and allow for a better assessment of whether these
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relationships between ACEs, PTD, and protective factors operate differently among
heterogeneous groups of women by race and SES.

Secondly, while | focused exclusively on preterm birth in this dissertation study, life
stressors such as ACEs may influence various birth outcomes differently. Therefore, future
research should assess whether adverse childhood experiences impact other adverse birth
outcomes such as low birthweight (i.e., indicators of fetal growth restriction) differently.

Furthermore, as a next step, it will be important to evaluate whether the prevalence of
ACEs among women who do not have a pregnancy that ends in a live birth differs significantly
from those who do have a live birth pregnancy to assess the potential for selection bias. In
addition, it will be interesting to assess the prevalence of women who experience ACEs yet
decide to have children compared to women who experience ACEs but decide not to have
children.

Furthermore, future research should incorporate assessments of ACE severity and
frequency, not only binary indicators of occurrence, which may result in having a different
association with PTD. As a next step, | plan to incorporate frequency of occurrence into the
latent class models to assess whether the makeup of the latent classes change, and whether these
potentially alternative classes have a different association with PTD. As my dissertation only
captured six ACEs, future research should include additional categories of ACEs (i.e., parental
incarceration, parental loss) to maximize generalizability of findings. In addition, the findings of
Chapter 6 invoke the question of whether other potentially protective factors similarly exhibit a
threshold effect, whereby they offer protection in the context of lower to moderate levels of

adversity, but not for severe levels of adversity.
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Furthermore, as previously discussed, because the majority of women in my study had a
young maternal age at birth (20-29 years), the length in time between occurrence of ACEs and
time of pregnancy may not be long enough for any potential adverse health effects associated
with early life adversity to manifest. Therefore, future studies could look at the relationship
between ACEs and PTD stratified by maternal age to see if the relationship differs for women of
advanced maternal age (>35 years), who would have a longer time between ACE occurrence and
time of pregnancy.

7.7 Conclusion

My dissertation uses data on n=3,884 women from the National Longitudinal Study of
Adolescent to Adult Health to conduct the first study in the literature to investigate the
relationship between adverse childhood experiences, PTD, and two potential protective factors,
religiosity and spirituality, among women who have pregnancies and assess whether these
relationships operate differently across race and SES. This body of work contributes to the
literature though an improved understanding of whether early life adversity during the
preconception period may impact future birth outcomes in women, and the role of religiosity and
spirituality to buffer against PTD among women with varying levels of ACEs. My dissertation
did not find strong evidence that specific individual ACEs, or latent classes of ACEs, were
associated with increased odds of PTD among women overall, and within race and SES
subgroups. In future research, it will be important for the field to expand beyond individual-level
stressors and focus on macro-level factors that may be contributing to disparities in PTD such as
nationwide policies like the ACA, health insurance coverage, environmental factors, and
importantly, institutional, and structural racism. Although protective factors are important to

health, “....without sound policies, individual attributes, involved families, and supportive
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communities will have limited effectiveness” (Seccombe, 2002, p. 389).24° Furthermore, my
results suggest that protective factors like religiosity and spirituality may not operate the same
for all groups of women. This underscores the concept that not all factors may be considered
protective for all groups of women, and therefore context is critical for assessing whether a factor
may be beneficial for intervention purposes. The findings of this dissertation can provide useful
insight for the conduction of needs assessments in the context of counseling and development of
tailored clinical interventions that aim to help women “identify, affirm, and build” (Walsh, 2016,
p. 140)* their repertoire of specific and unique protective factors that can be mobilized to
promote optimal preconception and pregnancy health in spite of experiences of early life

adversity.
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APPENDIX B: MANUSCRIPT 1

Table B1. Adverse childhood experiences assessed in the National Longitudinal Study of Adolescent to Adult Health (Add Health)

(n=3,767), 1994-2018.

ACEs Period of data Survey question(s) Operationalization
collection
Abuse
Physical Wave IV Before your 18" birthday, how often did a parent or adult Yes/No

caregiver hit you with a fist, kick you, or throw you
down on the floor, into a wall or down stairs?

Sexual Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver touch you in a sexual way, force you to
touch him or her in a sexual way, or force you to have
sexual relations?

Emotional Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver say things that really hurt your feelings or
made you feel like you were not wanted or loved?

Neglect Wave 111 By the time you started 6™ grade, how often had your Yes/No
parents or other adult caregivers left you home alone
when an adult should have been with you?

How often had your parents or other adult caregivers not
taken care of your basic needs, such as keeping you clean
or providing food or clothing?

How often had social services investigated how you were
taken care of or tried to take you out of your living
situation?
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Table B1 (cont’d).

Household Dysfunction

Suicide Wave | Have any of your family members tried to kill Yes/No
themselves during the past 12 months?

Have any of your family members succeeded in killing
themselves during the past 12 months?

Foster care placement Wave IlI Did you ever live in a foster home? Yes/No

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD), with cooperative funding from 23 other federal agencies and foundations. Add Health is currently
directed by Robert A. Hummer and funded by the National Institute on Aging cooperative agreements U01 AG071448 (Hummer) and
U01AG071450 (Aiello and Hummer) at the University of North Carolina at Chapel Hill. Add Health was designed by J. Richard Udry, Peter
S. Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill. Information on how to obtain the Add Health data
files is available on the Add Health website (https://addhealth.cpc.unc.edu). No direct support was received from grant P01-HD31921 for this

project.
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Table B2. Socioeconomic variables from Wave | of the National Longitudinal Study of

Adolescent to Adult Health (1994) used to operationalize childhood socioeconomic status.®

Socioeconomic variables

Low SES (0)

High SES (1)

Maternal occupation
Paternal occupation

Sales worker (i.e., insurance
agent, store clerk)

Restaurant worker or personal
service (i.e., waitress,
housekeeper)

Craftsperson (i.e., toolmaker,
woodworker)

Construction worker (i.e.,
carpenter, crane operator)

Mechanic (i.e., electrician,
plumber, machinist)

Factory worker or laborer
(i.e., assembler, janitor)

Transportation (i.e., bus
driver, taxi driver)

Military or security (i.e.,
police officer, soldier, fire
fighter)

Farm or fishery worker
Other

None

Missing

Professional (i.e., doctor,
lawyer, scientist)

Professional (i.e., teacher,
librarian, nurse)

Manager (i.e., executive,
director)

Technical (i.e., computer
specialist, radiologist)
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Table B2 (cont’d).

Maternal education
Paternal education

Eighth grade or less

More than eighth grade, but
did not graduate from high
school

Went to a business, trade, or
vocational school

High school graduate
Completed a GED

Never went to school

Went to a business, trade, or
vocational school after high
school

Went to college, but did not
graduate

Graduated from a college or
university

Professional training beyond
a four-year college or
university

Missing
Gross household income <$32,000 >$32,000
in 19942
Missing
Receipt of public assistance  Yes No
Missing

Informed by the Slaughter-Acey method (Slaughter-Acey et al., 2016)*°
2Income threshold informed by the national gross median household income in the United States in 1994

(U.S. Census Bureau, 1996).1%
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Table B3. Assessment of bias between the reference population and two analytic samples on sociodemographic and health-related

characteristics among women in the National Longitudinal Study of Adolescent to Adult Health (1994-2018).

Reference Population Manuscripts 2 & 3 Manuscript 1
(Women with live Analytic Sample Analytic Sample
birth pregnancies) Max N = 3,884 Max N = 3,767
Max N = 4,034
N (Wt%) N (Wt%) N (Wt%)
Race
White 2346 (68.1) 2297 (68.7) 2226 (68.5)
Black 773 (14.6) 723 (14.4) 702 (14.4)
Hispanic 538 (10.5) 517 (10.3) 502 (10.4)
Asian 205 (2.9) 197 (2.9) 194 (3.0)
Pacific Islander 35 (0.5) 32 (0.5) 29 (0.5)
American Indian or Alaska Native 93 (2.4) 89 (2.4) 86 (2.4)
Other 31 (0.8) 29 (0.8) 28 (0.8)
Socioeconomic status (SES)
Low 513 (12.6) 487 (12.5) 473 (12.7)
Middle 2476 (61.0) 2382 (61.1) 2309 (61.1)
High 1045 (26.4) 1015 (26.4) 985 (26.2)
Marital Status
Missing 356 (8.7) 324 (8.2) 314 (8.0)
Married/Cohabiting 2986 (75.3) 2893 (75.7) 2807 (76.0)
Not Married/Cohabiting 692 (16.0) 667 (16.1) 646 (16.0)
Maternal age at time of delivery (years)
Missing 229 (6.2) 198 (5.4) 190 (5.4)
<19 597 (14.5) 562 (14.5) 537 (14.3)
20-24 1090 (28.3) 1048 (28.2) 1021 (28.3)
25-29 1043 (24.6) 1021 (24.9) 996 (25.1)
30-34 818 (20.2) 807 (20.7) 783 (20.8)
>35 257 (6.1) 248 (6.2) 240 (6.1)
Preterm Delivery (PTD)
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Table B3 (cont’d).

Yes 520 (11.6) 514 (11.8) 501 (11.7)
Adverse Childhood Experiences (ACEs)
Sexual abuse 225 (6.2) 217 (6.3) 212 (6.2)
Physical abuse 765 (20.2) 738 (20.2) 721 (20.4)
Emotional abuse 1865 (47.6) 1793 47.7) 1750 (48.2)
Neglect 1674 (42.0) 1614 (42.3) 1585 (42.8)
Family Member suicide attempt or death 229 (6.1) 216 (6.1) 209 (6.0)
Foster care placement 94 (2.7) 90 (2.7) 87 (2.7)
Protective Factors Mean (SE) Mean (SE)
Religiosity 1.4 (.02) 1.4 (.02) NA! NA!
Spirituality 15 (.02) 1.5 (.02) NAL NAL
R/S 10.4 (.06) 10.4 (.06) NAL NAL

YVariables not assessed in Manuscript 1
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Table B4. Adjusted odds ratios for the association between six ACEs and odds of PTD among race subgroups of women in the

National Longitudinal Study of Adolescent to Adult Health (n=3,767), 1994-2018.1

White Black Hispanic  Asian Pl AIl/AN Other
(n=2226) (n=702) (n=502) (n=194) (n=29) (n=86) (n=28)
aOR aOR aOR aOR aOR aOR aOR
(95%CI)  (95%CI) (95%CI)  (95%Cl)  (95%CI)  (95%CI)  (95%Cl)
Sexual 1.4 0.3 96.7 08(0.1, * * *
abuse (0.7,3.0) (0.1,0.9 (125, 6.8)
750.1)
Physical 0.7 0.7 1604, 1303, * * *
abuse (05,100 (03,14) 6.4 5.3)
Emotional 1.3 1.6 1506, 04(0.1, * 1.4(0.4, 0.2(0.0,
abuse (0.9,18) (0.9,31) 4.1) 1.4) 4.7) 3.5)
Neglect 0.9 1.0 1.0(0.4, 1403, * 1.5(0.0, 0.4(0.0,
(06,1.2) (05,1.8) 2.6) 5.9) 6.9) 6.3)
Suicide 1.0 26 (05, 07(0.2, 39.2(6.4, * 0.1(0.0, *
(0.5,1.8) 14.8) 2.2) 241.2) 15.2)
Foster 50(0.9, 51(0.5 0.2(.0, 0.2(0.0 * * *
29.2) 48.5 1.3) 3.9)

L OR estimates are adjusted for SES; all results are survey-weighted to account for the Add Health stratified study design
*Precise estimates could not be derived due to small cell sizes
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Table B5. Adjusted odds ratios for the association between six ACEs and odds of PTD among SES subgroups of women in the

National Longitudinal Study of Adolescent to Adult Health (n=3,767), 1994-2018.1

Low SES Middle SES High SES

(n=473) (n=2309) (n=985)

aOR (95% ClI) aOR (95% CI) aOR (95% ClI)
Sexual abuse 1.5(0.4,4.7) 1.4 (0.7, 3.1) 0.7 (0.2, 1.9)
Physical abuse 1.4 (0.5, 3.8) 0.8 (0.5, 1.2) 0.7 (0.4, 1.4)
Emotional abuse 2.0 (0.9, 4.8) 1.1 (0.6, 1.9) 1.1 (0.6, 1.9)
Neglect 0.7 (0.4, 1.4) 0.9 (0.6, 1.3) 1.0 (0.6, 1.7)
Suicide 0.5(0.2,1.4) 1.4(0.7,3.2) 0.9 (0.3, 2.6)
Foster * 1.0(0.4,2.7) 1.6 (0.2,13.4)

1 OR estimates are adjusted for race; all results are survey-weighted to account for Add Health stratified study design
*Precise estimates could not be derived due to small cell sizes
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APPENDIX C: MANUSCRIPT 2
Table C1. Adverse childhood experiences assessed in the National Longitudinal Study of Adolescent to Adult Health (Add Health)

(n=3,884), 1994-2018.1

ACEs Period of data Survey question(s) Operationalization
collection
Abuse
Physical Wave IV Before your 18" birthday, how often did a parent or adult Yes/No

caregiver hit you with a fist, kick you, or throw you
down on the floor, into a wall or down stairs?

Sexual Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver touch you in a sexual way, force you to
touch him or her in a sexual way, or force you to have
sexual relations?

Emotional Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver say things that really hurt your feelings or
made you feel like you were not wanted or loved?

Neglect Wave 111 By the time you started 6 grade, how often had your Yes/No
parents or other adult caregivers left you home alone
when an adult should have been with you?

How often had your parents or other adult caregivers not
taken care of your basic needs, such as keeping you clean
or providing food or clothing?

How often had social services investigated how you were
taken care of or tried to take you out of your living
situation?
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Table C1 (cont’d).

Household Dysfunction

Suicide Wave | Have any of your family members tried to kill Yes/No
themselves during the past 12 months?

Have any of your family members succeeded in killing
themselves during the past 12 months?

Foster care placement Wave IlI Did you ever live in a foster home? Yes/No

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD), with cooperative funding from 23 other federal agencies and foundations. Add Health is currently
directed by Robert A. Hummer and funded by the National Institute on Aging cooperative agreements U01 AG071448 (Hummer) and
U01AG071450 (Aiello and Hummer) at the University of North Carolina at Chapel Hill. Add Health was designed by J. Richard Udry, Peter
S. Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill. Information on how to obtain the Add Health data
files is available on the Add Health website (https://addhealth.cpc.unc.edu). No direct support was received from grant P01-HD31921 for this

project.
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Table C2. Socioeconomic variables from Wave | of the National Longitudinal Study of

Adolescent to Adult Health (1994) used to operationalize childhood socioeconomic status.*

Socioeconomic variables

Low SES (0)

High SES (1)

Maternal occupation
Paternal occupation

Sales worker (i.e., insurance
agent, store clerk)

Restaurant worker or personal
service (i.e., waitress,
housekeeper)

Craftsperson (i.e., toolmaker,
woodworker)

Construction worker (i.e.,
carpenter, crane operator)

Mechanic (i.e., electrician,
plumber, machinist)

Factory worker or laborer
(i.e., assembler, janitor)

Transportation (i.e., bus
driver, taxi driver)

Military or security (i.e.,
police officer, soldier, fire
fighter)

Farm or fishery worker
Other

None

Missing

Professional (i.e., doctor,
lawyer, scientist)

Professional (i.e., teacher,
librarian, nurse)

Manager (i.e., executive,
director)

Technical (i.e., computer
specialist, radiologist)
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Table C2 (cont’d).

Maternal education
Paternal education

Eighth grade or less

More than eighth grade, but
did not graduate from high
school

Went to a business, trade, or
vocational school

High school graduate
Completed a GED

Never went to school

Went to a business, trade, or
vocational school after high
school

Went to college, but did not
graduate

Graduated from a college or
university

Professional training beyond
a four-year college or
university

Missing
Gross household income <$32,000 >$32,000
in 19942
Missing
Receipt of public assistance  Yes No
Missing

Informed by the Slaughter-Acey method (Slaughter-Acey et al., 2016)*°
2Income threshold informed by the national gross median household income in the United States in

1994 1%
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Table C3. Assessment of bias between the reference population and two analytic samples on sociodemographic and health-related

characteristics among women in the National Longitudinal Study of Adolescent to Adult Health (1994-2018).

Reference Population

(Women with live

Manuscripts 2 & 3
Analytic Sample

Manuscript 1
Analytic Sample

birth pregnancies) Max N = 3,884 Max N = 3,767
Max N = 4,034
N (Wt%) N (Wt%) N (Wt%)

Race

White 2346 (68.1) 2297 (68.7) 2226 (68.5)

Black 773 (14.6) 723 (14.4) 702 (14.4)

Hispanic 538 (10.5) 517 (10.3) 502 (10.4)

Asian 205 (2.9) 197 (2.9) 194 (3.0)

Pacific Islander 35 (0.5) 32 (0.5) 29 (0.5)

American Indian or Alaska Native 93 (2.4) 89 (2.4) 86 (2.4)

Other 31 (0.8) 29 (0.8) 28 (0.8)
Socioeconomic status (SES)

Low 513 (12.6) 487 (12.5) 473 (12.7)

Middle 2476 (61.0) 2382 (61.1) 2309 (61.1)

High 1045 (26.4) 1015 (26.4) 985 (26.2)
Marital Status

Missing 356 (8.7) 324 (8.2) 314 (8.0)

Married/Cohabiting 2986 (75.3) 2893 (75.7) 2807 (76.0)

Not Married/Cohabiting 692 (16.0) 667 (16.1) 646 (16.0)
Maternal age at time of delivery (years)

Missing 229 (6.2) 198 (5.4) 190 (5.4)

<19 597 (14.5) 562 (14.5) 537 (14.3)

20-24 1090 (28.3) 1048 (28.2) 1021 (28.3)

25-29 1043 (24.6) 1021 (24.9) 996 (25.1)

30-34 818 (20.2) 807 (20.7) 783 (20.8)

>35 257 (6.1) 248 (6.2) 240 (6.1)
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Table C3 (cont’d).

Preterm Delivery (PTD)
Yes 520 (11.6) 514 (11.8) 501 (11.7)
Adverse Childhood Experiences (ACEs)
Sexual abuse 225 (6.2) 217 (6.3) 212 (6.2)
Physical abuse 765 (20.1) 738 (20.2) 721 (20.4)
Emotional abuse 1865 (47.6) 1793 (47.7) 1750 (48.2)
Neglect 1674 (42.0) 1614 (42.3) 1585 (42.8)
Family Member suicide attempt or death 229 (6.1) 216 (6.1) 209 (6.0)
Foster care placement 94 2.7) 90 2.7) 87 (2.7)
Protective Factors Mean (SE) Mean (SE)
Religiosity 1.4 (.02) 1.4 (.02) NA? NA?
Spirituality 1.5 (.02) 15 (.02) NA? NA?
R/S 10.4 (.06) 10.4 (.06) NA? NA?

YVariables not assessed in Manuscript 1
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APPENDIX D: MANUSCRIPT 3

Table D1. Adverse childhood experiences assessed in the National Longitudinal Study of Adolescent to Adult Health (Add Health)

(n=3,884), 1994-2018.1

ACEs Period of data Item(s) in measure Operationalization
collection
Abuse
Physical Wave IV Before your 18" birthday, how often did a parent or adult Yes/No
caregiver hit you with a fist, kick you, or throw you
down on the floor, into a wall or down stairs?
Sexual Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver touch you in a sexual way, force you to
touch him or her in a sexual way, or force you to have
sexual relations?
Emotional Wave IV Before your 18" birthday, how often did a parent or other Yes/No
adult caregiver say things that really hurt your feelings or
made you feel like you were not wanted or loved?
Neglect Wave 111 By the time you started 6 grade, how often had your Yes/No

parents or other adult caregivers left you home alone
when an adult should have been with you?

How often had your parents or other adult caregivers not
taken care of your basic needs, such as keeping you clean
or providing food or clothing?

How often had social services investigated how you were
taken care of or tried to take you out of your living
situation?

Household Dysfunction
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Table D1 (cont’d).

Suicide Wave | Have any of your family members tried to kill Yes/No
themselves during the past 12 months?

Have any of your family members succeeded in killing
themselves during the past 12 months?

Foster care placement Wave IlI Did you ever live in a foster home? Yes/No

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD), with cooperative funding from 23 other federal agencies and foundations. Add Health is currently
directed by Robert A. Hummer and funded by the National Institute on Aging cooperative agreements U01 AG071448 (Hummer) and
UO01AG071450 (Aiello and Hummer) at the University of North Carolina at Chapel Hill. Add Health was designed by J. Richard Udry, Peter
S. Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill. Information on how to obtain the Add Health data
files is available on the Add Health website (https://addhealth.cpc.unc.edu). No direct support was received from grant P01-HD31921 for this

project.
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Table D2. Religiosity and spirituality variables captured in Wave 111 (2001-2002) of the National

Longitudinal Study of Adolescent to Adult Health, 1994-2018.

Variable Item(s) in measure  Possible responses Operationalization
of variable
Religiosity To what extent are 0- Not religious at all  Continuous (0-3);
you a religious higher score means
person? 1- Slightly religious higher religiosity
2- Moderately
religious
3- Very religious
Spirituality To what extent are 0- Not religious at all  Continuous (0-3);

you a spiritual
person?

1- Slightly religious

2- Moderately
religious

3- Very religious

higher score means
higher spirituality
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Table D2 (cont’d).

Combined
religiosity and
spirituality variable
(R/S)

To what extent do
you agree with the
following statement?
Angels are present to
help or watch over
me

1- Strongly disagree
2- Disagree

3- Neither agree nor
disagree

4- Agree

5- Strongly agree

To what extent do
you agree with the
following statement?
| employ my
religious or spiritual
beliefs are a basis for
how to act and live
on a daily basis.

1- Strongly disagree
2- Disagree

3- Neither agree or
disagree

4- Agree

5- Strongly agree

To what extent do
you agree with the
following statement?
What seem to be
coincidences in my
life are not really
coincidences...I am
being led
“spiritually”

1- Strongly disagree
2- Disagree

3- Neither agree or
disagree

4- Agree

5- Strongly agree

Continuous (3-15);
higher score means
higher
spirituality/religiosity

These questions are from Add Health, funded by grant P01 HD31921 (Harris) from the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD), with
cooperative funding from 23 other federal agencies and foundations. Add Health is currently directed
by Robert A. Hummer and funded by the National Institute on Aging cooperative agreements U0O1
AG071448 (Hummer) and U01AG071450 (Aiello and Hummer) at the University of North Carolina at
Chapel Hill. Add Health was designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan
Harris at the University of North Carolina at Chapel Hill. Information on how to obtain the Add
Health data files is available on the Add Health website (https://addhealth.cpc.unc.edu). No direct
support was received from grant PO1-HD31921 for this project.
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Table D3. Socioeconomic variables from Wave | of the National Longitudinal Study of

Adolescent to Adult Health (1994) used to operationalize childhood socioeconomic status.®

Socioeconomic variables

Low SES (0)

High SES (1)

Maternal occupation
Paternal occupation

Sales worker (i.e., insurance
agent, store clerk)

Restaurant worker or personal
service (i.e., waitress,
housekeeper)

Craftsperson (i.e., toolmaker,
woodworker)

Construction worker (i.e.,
carpenter, crane operator)

Mechanic (i.e., electrician,
plumber, machinist)

Factory worker or laborer
(i.e., assembler, janitor)

Transportation (i.e., bus
driver, taxi driver)

Military or security (i.e.,
police officer, soldier, fire
fighter)

Farm or fishery worker
Other

None

Missing
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Professional (i.e., doctor,
lawyer, scientist)

Professional (i.e., teacher,
librarian, nurse)

Manager (i.e., executive,
director)

Technical (i.e., computer
specialist, radiologist)



Table D3 (cont’d).

Maternal education
Paternal education

Eighth grade or less

More than eighth grade, but
did not graduate from high
school

Went to a business, trade, or
vocational school

High school graduate
Completed a GED

Never went to school

Went to a business, trade, or
vocational school after high
school

Went to college, but did not
graduate

Graduated from a college or
university

Professional training beyond
a four-year college or
university

Missing
Gross household income <$32,000 >$32,000
in 19942
Missing
Receipt of public assistance  Yes No
Missing

Informed by the Slaughter-Acey method (Slaughter-Acey et al., 2016)*°
2Income threshold informed by the national gross median household income in the United States in

1994 1%
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Table D4. Assessment of bias between the reference population and two analytic samples on sociodemographic and health-related

characteristics among women in the National Longitudinal Study of Adolescent to Adult Health (1994-2018).

Reference Population
(Women with live birth

Manuscripts 2 & 3
Analytic Sample

Manuscript 1
Analytic Sample

pregnancies) Max N = 3,884 Max N = 3,767
Max N = 4,034
N (Wt%) N (W1t%) N (Wt%)

Race

White 2346 (68.1) 2297 (68.7) 2226 (68.5)

Black 773 (14.6) 723 (14.4) 702 (14.4)

Hispanic 538 (10.5) 517 (10.3) 502 (10.4)

Asian 205 (2.9) 197 (2.9 194 (3.0)

Pacific Islander 35 (0.5) 32 (0.5) 29 (0.5)

American Indian or Alaska Native 93 (2.4) 89 (2.4) 86 (2.4)

Other 31 (0.8) 29 (0.8) 28 (0.8)
Socioeconomic status (SES)

Low 513 (12.6) 487 (12.5) 473 (12.7)

Middle 2476 (61.0) 2382 (61.1) 2309 (61.1)

High 1045 (26.4) 1015 (26.4) 985 (26.2)
Marital Status

Missing 356 (8.7) 324 (8.2) 314 (8.0)

Married/Cohabiting 2986 (75.3) 2893 (75.7) 2807 (76.0)

Not Married/Cohabiting 692 (16.0) 667 (16.1) 646 (16.0)
Maternal age at time of delivery (years)

Missing 229 (6.2) 198 (5.4) 190 (5.4)

<19 597 (14.5) 562 (14.5) 537 (14.3)

20-24 1090 (28.3) 1048 (28.2) 1021 (28.3)

25-29 1043 (24.6) 1021 (24.9) 996 (25.1)

30-34 818 (20.2) 807 (20.7) 783 (20.8)

>35 257 (6.1) 248 (6.2) 240 (6.1)

Preterm Delivery (PTD)
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Table D4 (cont’d).

Yes 520 (11.6) 514 (11.8) 501 (11.7)
Adverse Childhood Experiences (ACES)
Sexual abuse 225 (6.2) 217 (6.3) 212 (6.2)
Physical abuse 765 (20.1) 738 (20.2) 721 (20.4)
Emotional abuse 1865 (47.6) 1793 (47.7) 1750 (48.2)
Neglect 1674 (42.0) 1614 (42.3) 1585 (42.8)
Family Member suicide attempt or death 229 (6.1) 216 (6.1) 209 (6.0)
Foster care placement 94 (2.7) 90 (2.7) 87 (2.7)
Protective Factors Mean (SE) Mean (SE)
Religiosity 1.4 (.02) 1.4 (.02) NA? NA?
Spirituality 1.5 (.02) 1.5 (.02) NA? NA?
R/S 10.4 (.06) 10.4 (.06) NA? NA?

YVariables not assessed in Manuscript 1
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Table D5. Logits for the classification probabilities for the two-class model derived from
Vermunt’s 3-step approach in the National Longitudinal Study of Adolescent to Adult Health

(n=3,884), 1994-2018

Modal Class Assignment 1 Modal Class Assignment 2

Latent Class 1 -4.008 0.000

Latent Class 2 1.121 0.000
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