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ABSTRACT OF THE DISSERTATION

Adverse Childhood Experiences and Mental Health Over the Life Course Among Men Who

Have Sex with Men in Los Angeles County

by

David Andrew Wiss
Doctor of Philosophy in Community Health Sciences
University of California, Los Angeles, 2022

Professor Michael L. Prelip, Chair

Early life adversity exposing vulnerable individuals to potential harm during the first 18
years of life increases the risk for a wide range of adverse physical and mental health outcomes.
Childhood adversity is an example of a public health problem that requires “systems thinking”
through consideration of social, environmental, familial, psychological, and biological/genetic
factors. Understanding the mechanisms of these complex concepts and synthesizing this
information into a comprehensive model is necessary.

The widely accepted Adverse Childhood Experience (ACE) measure captures exposure
to childhood maltreatment and household dysfunction. ACEs have been shown to associate with
nonspecific risk for a wide range of adverse mental health conditions across all socioeconomic
groups. Using a social determinants of health framework, ACEs can be viewed as a consequence

of upstream vulnerability factors that are structural (i.e., rooted in cumulative disadvantage when
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families face socioeconomic and relational adversity). ACEs can also be viewed as a
psychosocial risk factor impacting mental health independent of other social patterns (e.g.,
among those with higher socioeconomic status).

Although sexual minority groups appear disadvantaged concerning both ACE exposure
and mental health outcomes, the literature describing links between ACEs and mental health is
limited among men who have sex with men (MSM), particularly those of low-income and
minoritized status. The primary research aim in this dissertation is to investigate if exposure to
ACE:s (recalled from the first 18 years of life) predict poor mental health outcomes (drug use,
depressive and anxiety symptoms) among mostly Black and Latino low-income MSM in
adulthood, adjusting for a wide range of sociodemographic and behavioral factors. This research
question was explored in three separate studies, based on a Life Course Perspective. Each study
examined the cumulative ACE score, dimensional approaches (separating ACEs into categories
of childhood maltreatment and household dysfunction), and selective approaches (considering
individual ACEs) on these mental health outcomes. All studies investigated whether specific
resilience factors (i.e., perceived social support, and sleep quality) buffer the hypothesized
associations between ACEs and mental health through effect modification (i.e., moderation).

Data for this dissertation comes from the mSTUDY (Men Who Have Sex with Men and
Substance Use Cohort at UCLA Linking Infections, Noting Effects [MASCULINE)]), a
longitudinal study of HIV-positive and HIV-negative MSM with varied substance use behaviors.
Participants were assigned male sex at birth, English-speaking, ages 18-45; and if HIV-, reported
having sex with men in the past twelve months (n=297). Multilevel commands using participant

ID were used for mixed effects in random intercept logistic and ordinal regression models.
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The results of this research suggest that ACEs have significant associations with mental
health during adulthood among mostly Black and Latino low-income MSM in Los Angeles.
While relationships between ACEs and mental health are well documented, evidence linking
these among MSM is sparse, particularly among those with multiple forms of cumulative
disadvantage. In this research, the total ACE score predicted depressive and anxiety symptoms,
and the outcome of self-reported drug use trended toward significance. The dimension of
childhood maltreatment predicted depressive and anxiety symptoms, but not drug use. Selective
approaches identified that childhood sexual abuse predicts depressive symptoms; and emotional
neglect predicts anxiety. Only the association between childhood sexual abuse and depressive
symptoms survived adjustment for the other nine ACEs.

Perceived social support emerged as a buffering factor for drug use in the cumulative and
selective approaches. Sleep quality did not emerge as a resilience factor (moderator) for any
outcomes of depressive and anxiety symptoms, suggesting that the association between ACEs
and these outcomes did not differ by sleep quality. This dissertation’s findings contribute to our
understanding of how ACEs might impact mental and behavioral health outcomes among
socially disadvantaged MSM. One limitation is that the sample was not randomly selected.

Several recommendations for future research (including ACE measurement) are proposed.
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Introduction: Why is Childhood Adversity an Important Public Health Issue?

Life experiences during developmental periods can have a profound impact on adult
health. Challenges faced by children that may have once been viewed as “harmless” are
increasingly understood as capable of influencing later health. The saying “what doesn’t kill you
makes you stronger” is not always the case. The sequela of childhood adversity can be enduring
over the lifespan, which is particularly concerning given that many exposures can be prevented.

The early life adversity (ELA) framework stems from the broader context of the life
stress paradigm [1] and is often viewed through a life course lens [2]. The term ELA represents
the widest ranging category of adversity exposure, including various stressors, traumas, and
forms of deprivation experienced in any setting during the first 18 years of life, known to
increase the risk for a wide range of physical and mental health outcomes. The broad domain of
ELA can also include factors not discussed herein such as poor nutrition, toxin exposure, or lack
of cognitively stimulating experiences.

The most well-known forms of ELA are Adverse Childhood Experience (ACEs) [3],
which traditionally include the categories of childhood maltreatment (emotional abuse, physical
abuse, sexual abuse, emotional and physical neglect) and household dysfunction (mother treated
violently, household substance abuse, household mental illness, incarcerated household member,
and parental separation or divorce). The term ELA subsumes the term ACEs, and they are often
used interchangeability. Here, ACE-specific studies are identified to be more specific about the
instrument, wherever possible (referred to as ACEs). Meanwhile, literature from the broader
domain of ELA is cited to be more comprehensive, wherever possible (referred to as ELA).

The long-term consequences of ELA have been well documented. In North America,

23.4% of individuals have one ACE, and 35.0% have two or more [4]. Exposure to multiple



ACEs is a major risk factor for a variety of health conditions. Associations of multiple ACEs
have been determined as weak/modest for diabetes, physical inactivity, overweight/obesity;
moderate for smoking, heavy alcohol use, poor self-rated health, heart disease, cancer, and
respiratory disease; strong for sexual risk-taking, problematic alcohol use, mental ill-health; and
the strongest for problematic drug use and interpersonal and self-directed violence [5]. Of all the
risk factors, illicit drug use had the highest population attributable fraction (defined as the
fraction of all cases in the population attributable to ACEs). According to one meta-analysis,
ACE:s contributed to about 40% of depression cases and 30% of anxiety cases [4].

The total annual costs attributable to ACEs (based on studies published between 1990
and 2018) have been estimated to be $748 billion in North America, suggesting that a 10%
reduction in ACE prevalence could equate to an annual savings of $105 billion [4]. Economic
estimates follow a similar pattern in Europe [6]. These estimates do not include intergenerational
effects. It has been established that outcomes associated with multiple ACEs such as illicit drug
use and mental health disorders can increase risk for ACEs in the next generation, indicating
intergenerational effects that can fasten families into cycles of adversity and disadvantage [5].
ACEs represent profound societal burden globally that only recently has begun to receive
adequate attention.

In public health, the predominant conceptual approach is based on upstream Social
Determinants of Health that fundamentally impact downstream determinants [7,8]. The World
Health Organization has defined social determinants as the “conditions in which people are born,
grow, live, work, and age.” Thus, childhood adversity is an example of a public health problem
that requires “systems thinking” utilizing social, environmental, and familial factors, then

moving to the mechanisms and potential consequences, and finally synthesizing all the



information into a comprehensive model. Two key reviews summarized the social determinants
of mental health [9,10]. It was suggested that while people are made vulnerable to mental illness
by deep-rooted poverty, social inequality, and discrimination, mental health disorders affect
everyone not only the poorest or most disadvantaged [9]. Other examples of social determinants
of mental health include ACEs, poor and unequal education, food insecurity, housing instability,
unemployment and underemployment, and limited access to health care [10]. Thus, there are
many challenges with disentangling the impact of ELA from other forms of adversity associated
with low socioeconomic status (SES).

In the mental health literature, some researchers focus on the most upstream social
determinants such as SES [11,12], while others focus on midstream factors such as ELA. The
link between ELA and mental health outcomes has shown that “time does not heal all wounds”
[13]. Indeed, both SES and ELA are important drivers of mental ill-health. Using a social
determinants of health framework, ELA can be viewed as a consequence of upstream
vulnerability factors that are structural in nature (i.e., rooted in cumulative disadvantage when
families face multiple forms of socioeconomic adversity), but can also be viewed as risk factors
operating independently of SES. Current evidence suggests that ELA is strongly correlated with
social and environmental factors (including multiple forms of parental adversity as well as
neighborhood factors) but can occur across all levels of SES [14]. The social determinants of
mental health framework will necessitate investigation into cumulative disadvantage, driven by
contextual factors such as SES as well as exposure to stress, trauma, and adversity.

Other known consequences associated with ELA include unemployment, disability, and
homelessness. Individuals with ACEs are more likely to have difficulties maintaining

employment in adulthood [15,16]. Links between ACE exposure and worker performance have



been mediated by interpersonal relationship problems, emotional distress, and substance use
[17]. In one sample of primarily Black low-income community dwellers, drug problems along
with depressive symptoms helped explain the link between ACEs and employment barriers [18].
There is a strong graded relationship between multiple forms of adversity and self-reported
disability in adulthood, after adjusting for demographic factors and potentially mediating chronic
conditions [19]. Finally, data have shown a high prevalence of each ACE among individuals
experiencing lifetime homelessness [20,21].

To address the question “why is childhood adversity an important public health issue?” it
is important to summarize findings on the risk for all-cause mortality, including suicide. Several
lines of research have shown that ELA increases the risk for premature mortality for both women
and men [22-24], in some cases independent of adult lifestyle factors [23]. One noteworthy
contributor to increased mortality is suicide, which may be mediated by alcohol use disorder
(AUD), depressed affect, and illicit drug use [25]. The odds of suicide behaviors following
combined abuse (i.e., multiple forms) is increased by over 3-fold [26]. It has been suggested that
the link between ACEs and suicidality is due to multi-varied pathways, including unique
stressors associated with later life [27], for example substance use disorders (SUDs) [28].

This dissertation starts with an overview of ELA, discusses its measurement, summarizes
social determinants including vulnerability factors, known correlates of childhood adversity, and
then transitions into a discussion of the potential consequences within the domain of mental
health, as well as potential resilience factors. The literature review starts with a discussion of
ELA (section 1.1), mostly referring to research using the ACE measure [3], which is described in
section 1.2. Theories utilized to conceptualize the studies are described in Chapter Two. Chapter

Three introduces the aims, research questions, and hypotheses for each study. Chapter Four



covers the methods including a description of the study sample and instruments utilized.
Chapters Five through Seven include the findings and discussion from each study. Chapter Eight
integrates the findings from all three studies into a broader discussion, including

recommendations for future research, strengths, and limitations.



1 CHAPTER 1: BACKGROUND AND SIGNIFICANCE

Section 1.1 provides an overview of ELA, including various ways it has been measured
across different disciplines, known social correlates including antecedents and outcomes, and
relations to race and ethnicity. This section is not specific to studies using the ACE measure. A
historical recap of the ACE measure (since 1998) including recently expanded versions of the
instrument is then described in section 1.2. In section 1.3, literature linking both ACEs and the
broader domain of ELA to mental health outcomes (post-traumatic stress disorder [PTSD],
substance use disorder [SUD], depression and depressive symptoms, and anxiety as well as
anxiety symptoms) are summarized. Section 1.4 introduces the concept of vulnerability to ELA,
including parental adversity and neighborhood factors. Section 1.5 introduces the concept of
biological embedding across multiple physiological systems and is included to provide
mechanistic elaboration for the deleterious life course impact of ELA. The concept of resilience
(following childhood adversity) is described in section 1.6, with emphasis on perceived social
support and sleep quality. Finally, studies using the ACE measure among men who have sex
with men (MSM) is introduced in section 1.7, with an emphasis on HIV and HIV-risk as well as
various mental health outcomes. Chapter One is then summarized in section 1.8.
1.1 Early Life Adversity Overview

The pediatric medical literature often uses the term “toxic stress” to describe the
consequences of early unfavorable conditions and environments [29]. Toxic stress has been
defined as the excessive or prolonged activation of the physiological stress response systems in
the absence of the buffering protection afforded by stable, responsive relationships [30]. Toxic
stress during critical periods of development can disrupt brain circuitry and other regulatory

systems in ways that negatively influence health behaviors later in life. While biomedical



approaches are sometimes criticized for overlooking the broader social and contextual factors
that contribute to disease, the American Academy of Pediatrics has recognized the need for the
pediatric community to move beyond the medical office or hospital setting and expand into the
larger ecology of the community, state, and society [30].

Importantly, ELA amplifies health risks associated with stress in adulthood, thereby
increasing the likelihood for multiple negative health outcomes [31]. Thus, stress can accumulate
and multiply over the lifespan, reinforcing the need for a quality start in life. Furthermore,
research has shown that ELA can restrict an individuals’ sense of purpose in life, subsequently
associated with poorer subjective health and increased likelihood of functional limitations [32]. It
has recently been suggested that psychopathology emerges as a function of the subjective rather
than objective childhood maltreatment experience [33]. Recent evidence suggests that mental ill-
health is more likely associated with the subjective rather than objective experience of childhood
maltreatment [34]. It has been recommended that ACE instruments should include a question
about the perception of how upsetting each experience was [35]. The PEARLS ACE screener
recently introduced in California has added a question about subjective health impact.

In this paragraph, research linking ELA to mental health outcomes will be introduced
briefly, and in section 1.2, the focus will switch exclusively to the 23-year legacy of ACE
research (with differences further specified in section 1.1.1). Several lines of research have
identified that childhood maltreatment associates with common psychiatric disorders through
latent liabilities to internalizing (e.g., anxiety, depression, PTSD, dissociation, intrusive
experiences, phobia, and panic disorder) and externalizing (e.g., antisocial personality disorder,
anger, irritability, SUD/AUD) psychopathology [36,37]. Among children with documented

physical and sexual abuse before the age of 12 (n=496), earlier onset of maltreatment predicted



more anxiety and depression symptoms in adulthood, controlling for gender, race, current age,
and other abuse reports [38]. Among adults with anxiety and/or depression (n=221), physical or
sexual abuse was associated with less coherence (the quality of being logical and consistent) in
the present day (similar to dissociative disorders, discussed in PTSD section) [39]. Finally,
exposure to interpersonal violence has contributed to greater resistance to mental health
treatment efforts [40].

1.1.1 Early Life Adversity Measurement

Human research on ELA can be conceptually traced back decades, identifying a “life
stress-distress paradigm” (where stressful life events lead to negative symptoms) to capture this
phenomenon [1]. ELA broadly represents multiple forms of childhood maltreatment (e.g.,
physical or sexual abuse) experienced in the home, deprivation including poverty and low SES,
and any other stressors (e.g., insecure attachment or rejection) experienced in or outside of the
home. Instruments such as the Childhood Trauma Questionnaire [41,42] and several others
generally capture this construct. The adversity can be reported by the victim/child, by a
parent/caregiver, or from a third party (i.e., record review). Assessment can be in the form of a
self-report questionnaire, clinical interview, record review, or a combination.

The most common instrument for capturing ELA is the ACE measure [3] (see section 1.2
for detailed discussion). For clarity, data generated from the ACE measure, including expanded
versions of the instrument will be identified as ACEs throughout this dissertation. While the
original ACE measure captures specific exposures in the household, several expanded ACEs
have been operationalized, including but not limited to low SES, single-parent home, parents
always arguing, exposure to community violence, the experience of discrimination, peer

victimization/bullying, below-average grades, and others. There appears to be no real consensus



about what constitutes an ACE, as several studies have modified the original scale to best fit
their sample under study. Therefore, ACE screening tools are consistently far from uniform.
Some investigators have removed some of the original ACE items from the household
dysfunction dimension (parental separation or divorce, mother treated violently, household
substance abuse, household mental illness, and incarcerated household member) to accommodate
community- and school-level ACEs (e.g., bullying, violence) [43].

1.1.2 Social Correlates of Early Life Adversity

In the late 1990s, it was proposed that unhealthy environments, such as those that
threaten safety, are conflictual or abusive, and undermine the creation of meaningful social ties
can get “under the skin” to create health disorders [44]. Integration of stress, trauma, and
adversity into conceptual models have been referred to as the “psychosocial determinants of
health” by social epidemiologists [45]. The term “psychosocial” pertains to the influence of
social factors on an individual’s mind, brain, and behavior, as well as the interrelation of
behavioral and social factors. Psychosocial factors are thought to mediate the effects of social
structural factors on individual-level health outcomes [45]. These factors should not be equated
with structural characteristics of societies however, they can modify social context and have
long-lasting consequences at the individual level. It has been suggested that social and biological
factors are inextricably linked, and that many false dichotomies between them exist [46]. The
concept known as the “Biological Embedding of Adversity” will be reviewed in section 1.5, but
first, emphasis will be placed on the social factors which can drive vulnerability to ELA.

Many facets of the human experience can be viewed as being socially patterned
(predicted by social factors). For example, traumatized children often have significant pre-

existing vulnerabilities (e.g., low SES) that entangle explanatory models. Childhood adversity



occurs within social contexts that can alleviate or exacerbate its negative impact [47]. ELA often
originates from an accumulation of contextual risk factors beyond a child’s control. Therefore, it
is important not to always assume that group differences in health measures across ELA are
simply attributable to direct changes caused by the adversity [48].

To illustrate, in a study of Finnish middle-aged men (n=2,674), many adult behaviors
(e.g., alcohol, smoking) and psychosocial dispositions detrimental to health (e.g., depression)
were consistently related to poor childhood conditions (e.g., low education, blue-collar
employment) [49]. A cohort study from a Midwestern metropolitan county showed that adults
with documented ELA histories had lower levels of education, employment, earnings, and fewer
assets as adults, compared to matched controls [50]. In a longitudinal study of urban minority
young adults, increased adversity was associated with poorer health by age 24 [51], but this may
be because adversity is also associated with lower odds of being insured and receiving a
physician checkup within the last year [52].

Thus, differentiating between the impact of low SES and ELA has created some
methodological challenges since they frequently co-occur, and both predict adult disadvantage.
Lower childhood SES is consistently associated with greater risk of ELA [53]. We know that
SES and ELA are linked, but it is less clear how they interact dynamically over time, requiring a
Life Course Perspective [54,55]. It has been consistently shown that ELA decreases the
probability of employment in middle age, adjusting for background factors such as accumulated
property and wealth [50]. Most authors acknowledge that there are multiple pathways by which
SES determines health, with psychosocial determinants viewed as midstream factors [56].

In nationally representative data from the US, the proportion of children experiencing

ACEs follows a steep income gradient, with those at the bottom having a higher likelihood of
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experiencing adversity [14]. However, higher income was not necessarily found to be a
protective factor, suggesting that ACEs are distributed across the income ladder. Specifically,
ACE:s in the dimension of household dysfunction (e.g., divorce, parental drug/alcohol use) are
fairly evenly distributed across all but the highest income groups [14]. According to one study
(n=6,320), child abuse exists in approximately 12% of affluent families [57]. These findings
suggest that low SES is not necessarily an antecedent of all ACEs. Literature reviewed in
sections 1.3 and 1.5 demonstrate that ACEs can impact mental health independently of SES.

More recently, ACEs have been framed as variables that interact with childhood
household income in their association with adult SES. Using the Panel Study of Income
Dynamics data, investigators have shown that ACE exposure was negatively correlated with
household income, and that increases in income are associated with reduced exposure to specific
ACE:s: physical abuse, domestic violence, parental depression, and parental drug use [58]. Taken
together, there appears to be a need to better understand several specifics (e.g., directionality of
associations and their interactions) that link ELA with SES.

Studies support the concept that childhood economic adversity should be considered an
ACE. In a longitudinal study of students K-12, the timing of maltreatment (abuse and neglect)
was a significant predictor of cognitive impairment (i.e., knowledge, comprehension, analysis)
over time, however the addition of poverty into the model resulted in nonsignificant effect of
maltreatment timing [59]. Women’s hardships (e.g., food and housing insecurity) during and just
before pregnancy have been identified as a neglected issue in ACE research [60]. Among
pregnant women ages 16-40 (n=1,503), a Socioeconomic Adversity Index (SAI) which included

marital status, household structure, annual income, education, and health insurance, significantly
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contributed to ELA [61]. This study found the highest potential for child abuse among the lowest
SAI group. Thus, there is strong evidence to suggest that ELA frequently stems from low SES.

To study antecedents of ACEs further, Women, Infants, and Children (WIC)
Supplemental Food Program data from Los Angeles suggest that a severe housing cost burden
(an indicator of low SES) is associated with an increase in the odds of each ACE, however
directionality remains unclear in cross-sectional data [62]. Longitudinal data from Alaska
showed that the number of household challenges reported during the 12 months before or during
pregnancy predicted ACEs in a graded, dose-response manner [63]. These findings suggest that
prevention of ACEs should begin before birth.

A recent systematic review of global ACE data identified the following antecedents: 1)
social/environmental: being part of a historically underserved population, having low social
status, living in a dysfunctional environment, having poor life circumstances, and living in
unfortunate environments; 2) familial: lack of parental resources, maternal mental health
problems, excessive parental alcohol intake, and parental divorce; and 3) economic: poverty, and
living in low-income communities [64].

To understand the causal chain further, longitudinal data from the UK found that 18% of
the total effect of childhood disadvantaged SES on socioemotional behavioral problems was
mediated through ACEs [65]. Thus, ACEs can be viewed as a midstream psychosocial factor in
life course models but can also be seen as an upstream predictor of mental health outcomes, a
concept which will be developed further throughout Chapters One and Two.

1.1.2.1 Race/Ethnicity
In this section, race/ethnicity will be introduced as a correlate to both SES and ELA in

the context of mental health outcomes. A landmark paper found that Black-White differences in

12



self-reported measures of physical and mental health can be explained by racial differences in
SES, social class, and acute and chronic indicators of perceived discrimination, as well as
general measures of stress [66]. Observed Black-White differences were markedly reduced after
adjusting for education and income. Nationally representative data have shown that economic
status moderates the differences in ACE scores between White adolescents and adults and many
racial/ethnic minority groups [67]. Findings emphasize that race/ethnicity are social constructs
and do not by themselves put a child at more risk of abuse or neglect [68].

Mental health outcomes following ELA do not follow predictable patterns by
race/ethnicity. Qualitative research has found that Black men describe much more persistent
childhood adversity than White men [69]. The authors propose that ELA may constrain men’s
relationships, contributing to racial inequalities in family dynamics across the life span. A
nationally representative study showed that Black children were more likely to experience all
ACEs, except for parental drug use, compared to both White and Latinx children [70].
Interestingly, in a longitudinal study of high school seniors of diverse SES (n=1,093), the impact
of ACEs on mental health (depressive symptoms, drug use, and antisocial behavior) was
consistently worse for White young adults compared to Black and Latinx/Hispanic young adults
[71]. In this study, White young adults exhibited greater vulnerability to ACEs particularly with
respect to externalizing behaviors (e.g., SUDs).

It is likely that inconsistent findings related to ACEs and race/ethnicity are due to which
ACEs are included in the study. Expanded ACEs that include community-level stressors such as
experiencing racism disproportionately affect ethnic minorities [72]. In a sample of primarily

Black children from Chicago (n=1539), nearly 20% reported only expanded ACEs, which are
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often not measured when assessing ACEs [73]. In this study, males reported higher rates of
expanded ACEs, particularly related to violent crime.

A limitation in the ACE framework is a lack of inclusion of immigration-related threat
and deprivation, particularly psychological violence inflicted on children through increasing anti-
immigration policy and rhetoric [74]. Among Hispanic children and adolescents (n=223), the
likelihood of binge drinking was higher for the household dysfunction ACE of parental
separation compared to childhood maltreatment ACEs when they also perceived discrimination
in emerging adulthood [75]. Thus, it is important to acquire knowledge regarding specific types
of victimization that different racial/ethnic minority groups may experience relative to their
peers, and how this may dynamically interact with other factors.

While significant interactions between ACEs and race/ethnicity emerge for physical
health outcomes in national studies, none of the interactions between ACE scores and
race/ethnicity are significant for mental health outcomes [76]. Taken together, race/ethnicity
appears to correlate with exposure to ACEs however does not appear to be a consistent
confounder in the overall relationship between ELA and mental health. However, race/ethnicity
should be accounted for in explanatory models, contextually situated in layers of structural
adversity woven from threads of historically and culturally embedded inequities [77].

1.2 Adverse Childhood Experiences: History and Measurement

The original ACE measure (1998) is a seven-category (17-item) questionnaire introduced
in a large managed care population at Kaiser San Diego [3]. The instrument included yes/no
questions which investigate the presence of abuse (emotional, physical, sexual) and household
dysfunction (mother treated violently, household substance abuse, household mental illness, and

incarcerated household member) experienced during the first 18 years of life. Shortly after,
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questions related to emotional and physical neglect were added to the abuse category and
renamed childhood maltreatment, and parental separation or divorce were added to the
household dysfunction category. A major limitation of the original study was that the sample was
not representative, being predominantly White and middle-to-upper class insured patients.

The widely accepted ACE questionnaire originally showed that individuals who had
experienced four or more categories of childhood adversity had a 4-12-fold increased risk for
alcohol use disorder (AUD), illicit drug use, depression, and suicide attempts, compared to those
who had none [3]. During the first twenty years of ACE research (1998-2018), 789 peer-
reviewed articles on ACEs appeared in 351 different academic journals [78]. The category of
mental health has been the most common outcome studied. A recent review of ACE trends in the
US suggested that rates of parental drug abuse, incarceration, and divorce are worsening (with
drug abuse being the worst) whereas all other ACEs appear to be improving [79].

The ACE measure has also been criticized for its incomplete capture of the ELA
construct. It has been recommended that investigators consider weighting ACEs differentially,
and incorporate the severity, frequency, duration, and timing of events [80], as well as
perception, ascribed meaning, and the role of the perpetrator [81]. A recent review suggested
new theoretical approaches to measuring ACEs, including weighting ACEs with more known
pathology (e.g., maltreatment), considering their timing (including discontinuity of the
exposure), and severity/chronicity (e.g., neglect as an event versus ongoing condition) [80].
Methodological advances in ACE research are likely to elucidate novel findings. For example,
recent studies have investigated ACEs with ordinal response scales (i.e., Likert-type) to capture
the frequency and intensity rather than binary yes/no [81-83]. Likert ACE scores consistently

outperform (increased explained variance) traditional ACEs on most mental health outcomes.
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While there are differential influences of ACE components on risky behavior, morbidity,
and disability, most research validates the adverse effect of cumulative exposure (sum score)
[84]. The most used cut-point (where all ACEs above are lumped into a highest exposure
category) is four or more ACEs, compared to the reference group of none [3]. Other authors have
used other cut-points for various statistical and substantive reasons [15,85,86]. Cumulative
scoring frequently emerges rather than analysis of specific ACEs, and often along a dose-
response continuum [87]. While the cumulative risk approach has proven informative when it
comes to prediction, it lacks clear specification when it comes to identifying mechanistic
processes which might influence diverse features of development [88].

Cumulative scoring challenges notions about what is a more severe traumatic event and
assumes a single mechanism by which all ACEs lead to a specific outcome. Results suggests that
pathways to poor health differ by types of ACEs, with child physical, emotional, and sexual
abuse being the worst [89]. While using a scoring system remains a potent predictor of many
mental health outcomes, using sum scores can obscure information about individual adversities’
importance. For example, one study of youths ages 12-25 (n=243) found that physical abuse
imposed the greatest risk for serious mental illness [90]. In a longitudinal study (n=454), the
overall category of childhood maltreatment (which includes physical abuse) predicted the
development of mental health disorders [35].

Focusing on the specific categories of ACEs has been referred to as the dimensional
approach, compared to the cumulative (total) and selective (single ACE) approaches [91]. The
dimensional approach combines the comprehensiveness of the cumulative approach and the
distinctiveness of a selective approach. The selective approach may introduce missing variable

problems since ACEs are highly intercorrelated [92]. Many researchers agree that the dose-
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response method as well as examining ACEs in clusters (rather than selectively) is the best
practice [93]. Meanwhile, understanding individual ACEs remains important for designing
interventions. For example, it has been shown that childhood sexual abuse is a significant risk
factor for sexual revictimization in adulthood [94], suggesting a need for specific
psychoeducation within this exposure subgroup.

Multiple studies have relied on the use of expanded ACEs, which add additional
questions, typically tailored to their population (sometimes referred to as Community Level
ACEs and/or Adverse Family Experiences). For example, focus groups with low-income urban
youth in Philadelphia aimed to capture stressors that emerge which are not captured by the
original ACE measure (e.g., single-parent homes, criminal behavior, discrimination, among
others) [95]. This led to an expansion of questions used by ACE research and clinical screening
tools. Community Level Adverse Experiences were added in recent years to include acts of
racism, violence, bullying, and foster care, which disproportionately affect ethnic minorities [72].
Other ACE questions have been tailored for specific populations and used worldwide (ACE-
International Questionnaire [ACE-IQ]) [96].

Research in the last ten years supports extending the conventional ACE measure to more
accurately represent the level of adversity experienced across various sociodemographic groups
[97]. In a study of children ages 10-17 (n=1,949), additional measures (i.e., peer victimization,
peer isolation/rejection, and community violence) added significantly to the prediction of mental
health symptoms [98]. To illustrate the importance of expanded ACEs further, community-level
stressors among Philadelphia adults (n=1,784) were associated with health risk behaviors (e.g.,
sexual behaviors that increase risk for sexually transmitted infection, substance misuse) and

mental illness, but not with physical health outcomes [99]. Other expanded ACEs include
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satisfaction with the neighborhood, low social class, and social support [100]. In summary,
omitting certain adversities such as community violence and extreme poverty may underestimate
mental health disparities in specific groups.

A major criticism of ACE research is recall bias [101]. However, a longitudinal study
assessed the temporal stability of self-reported ACEs at three different time points [102]. Data
show adequate stability in the report of maltreatment toward the individual (abuse and physical
neglect) and in specific aspects of household dysfunction. While using the original ACE measure
allows for comparing findings across the breadth of ACE research, it is likely to miss out on
many exposures early in life that significantly impact mental health.

1.3 Adverse Childhood Experiences and Mental Health

In this section, links between ACEs and mental health are introduced broadly, while in
subsequent sections, specific mental health diagnoses (i.e., PTSD, SUD, depression, and anxiety)
will be discussed in greater detail. In section 1.7, the focus is on sexual minority men.

The damaging effect of ACEs have been described as nonspecific since they affect a
variety of brain structures and functions [103]. There are multiple mechanisms by which ACEs
can impact mental wellbeing, highlighting the need for a biopsychosocial approach. While the
disease manifestations of ACEs can take decades, many impairments likely begin at a young age.
Among children ages three to five, ACEs were associated with compromised social development
[104]. Among adolescents aged 12-17, higher ACE scores were associated with worse reported
emotional wellbeing [105]. Young adults with any ACEs (n=321) were more likely to seek help
for anxiety, stress, and depression, however they were less likely to find interventions helpful

and were more likely to drop out of treatment [106].
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Large studies have highlighted the persistence of social, emotional, and behavioral
problems among the ACE-exposed, despite having received mental health services [107].
According to a national study, having experienced any ACEs was associated with more than
double the odds of having any past-year psychiatric diagnosis [108]. Thus, ACEs can be
enduring over the life course, and are likely mediated by processes of biological embedding
(described in section 1.5).

In the original ACE research, a dose-response relationship was identified between the
number and types of maltreatment reported and mental health scores (including both depression
and anxiety) [109]. More recent research has shown significant associations between ACEs and
mental health disorders in later life [110]. This study found that the association between physical
abuse, sexual abuse, emotional neglect, and parental separation or divorce and mental health
disorders was stronger in men. In a longitudinal study (n=391) of mostly Black children,
childhood maltreatment that spanned several developmental periods predicted a cascade of both
internalizing and externalizing psychopathology that led to greater symptoms of depression,
anxiety, SUD, and antisocial personality disorder during emerging adulthood [111]. In support of
the need to expand ACE measures, evidence suggests that childhood maltreatment plus peer
victimization (an expanded ACE) is additive on mental health outcomes [112].

It has been suggested that executive functioning (self-regulatory cognitive processes that
enable individuals to engage in goal-oriented behaviors) mediates the relationship between ACE
scores and mental health problems [113]. These findings can be corroborated by strong links
between ACEs and attention deficit hyperactivity disorder (ADHD) [114—116], which can be

considered a disorder of executive functioning (specifically inattention-disorganization) [117].
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While associations between ACEs and general mental health outcomes have been
adequately described, there is a need to disentangle the impact of individual ACEs using
dimensional (categories) and/or selective approaches. For example, one study used an expanded
ACE measure that included being spanked as a child [118]. Investigators found that being
spanked was significantly associated with all self-reported mental health outcomes. Results stress
the importance of examining the effects of cumulative ACE scores, categories of ACEs, and
individual ACE:s. In a longitudinal study (n=352), investigators reevaluated a meaningful cut-off
for the number of ACEs needed to predict mental health outcomes (i.e., depression, anxiety,
trauma, and externalizing behaviors) [119]. In their study, results suggest that a cut-off of one
may be a useful proxy for risk in this population. ACE cut-points may depend on the group under
study and is likely to differ across groups with lower versus higher baseline risk for the outcome.

ACE:s can also be studied in clusters (i.e., dimensions) to further understand which ACE
categories specifically link to mental health outcomes. Concerning four mental health outcomes:
depression, anxiety, trauma, and externalizing behaviors, assessment of childhood maltreatment
(emotional abuse, physical abuse, sexual abuse, emotional neglect, physical neglect) was more
salient than household dysfunction (parental separation or divorce, mother treated violently,
household substance abuse, household mental illness, and incarcerated household member)
[119]. After controlling for household dysfunction, maltreatment had significant main effects on
all four outcomes. Other longitudinal research (n=10,784) has also identified that household
dysfunction did not predict depression, anxiety, and PTSD, whereas childhood maltreatment did
[120]. Estimates from this study suggest that childhood maltreatment increased the odds of
depression (odds ratio [OR]: 1.56; 95% CI: 1.26-1.92), anxiety (OR: 1.3; 95% CI: 1.06-1.62),

and PTSD (OR: 1.97; 95% CI: 1.35-2.87) compared to the low adversity class. Cleary, ACEs can
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impact multiple forms of mental health, and are not all equal in their impact, therefore may
require nuanced analysis of ACE dimensions (clusters) and selective (individual) ACEs.

1.3.1 Post-Traumatic Stress Disorder (PTSD)

PTSD is a potential consequence of ACEs known to have a wide range of impacts on an
individual’s life course trajectory. Trauma (distinct from PTSD) is a lived experience and not a
clinical disorder. Although some traumatized children develop trauma-related psychopathology,
others do not [48], which supports the concept of resilience among certain individuals. This
section is relevant because PTSD can hinder mental health resilience. PTSD is diagnosed when
symptoms such as hypervigilance, avoidance, dissociation, anxiety, anhedonia, sleep
disturbance, and intrusive thoughts are present [121]. From a recent meta-analysis, children
exposed to ELA had greater cognitive deficits than controls, and the greatest deficits were
associated with PTSD [122]. Thus, PTSD can alter physiology and exacerbate mental ill-health.

Compared to individuals without a diagnosis, those with PTSD were more likely to assess
risk for aversive events as higher [123], often referred to as threat vigilance. Being hypervigilant
to threats can impair social ties and may impact one’s perception of social support [124]. In a
longitudinal study from the UK (n=2,332), 7.8% of the study group had experienced PTSD by
age 18, however only 20.6% of those with PTSD ever received help from a mental health
professional [125]. These findings suggest that PTSD may impair help-seeking behavior and
thereby hinder resilience resources. For example, the pathway from ACEs to avoidant
personality disorder (characterized by feelings of extreme social inhibition, inadequacy, and
sensitivity to negative criticism and rejection) can be mediated by PTSD [126]. Thus, those with

PTSD appear less likely to seek and benefit from mental health services.
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Notwithstanding, it has been shown that positive childhood experiences and relationships
can buffer the adverse effects of extensive childhood adversity [127]. Despite the optimism
offered by resilience studies (reviewed in section 1.6), the overwhelming body of literature
suggests that cumulative childhood adversity (e.g., poly-victimization) in conjunction with adult
adversity creates the highest vulnerability to mental illness (e.g., hyperarousal, suicidal ideation)
[128-131], including the co-occurrence of PTSD and depression [132].

Another well-known co-occurrence is PTSD and SUD. A recent systematic review of 29
studies described a state of anhedonia, where a reduced hedonic (pleasure) response was
consistently observed in PTSD patients compared to healthy controls [133]. Anhedonia has been
described as both a cause and consequence of SUDs, which is characterized by substance-
seeking behavior in the face of negative consequences. A person’s response to traumatic
experiences, particularly given a lack of resources to process such experiences (i.e., resilience),
may facilitate unhealthy coping through substance use, which may increase the risk for new
traumatizing experiences. SUD will be discussed in more detail in the next section, but the
following paragraph will highlight its relevance in the context of PTSD.

One proposed pathway linking ELA to SUDs is through externalizing psychopathology.
Numerous studies have described the transition from ELA to SUD/AUDs [108,134-140],
discussing various mediating and moderating factors such as PTSD. Among people with co-
occurring AUD-PTSD, ELA was a primary predictor of unremitted PTSD [141], further
exemplifying how ELA can impact resilience. Known correlates of comorbid PTSD-SUD
include anxiety, depression, and suicidal ideation [142,143]. Correlates of PTSD include earlier
age of first drug use [142], reward dysfunction (e.g., altered motivational processes) [144], and

higher levels of impulsivity [145]. The biology of reward is discussed briefly in section 1.5.5.
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Other biological indicators of PTSD, such as elevated inflammatory markers can increase
risk for mental ill-health [146,147]. Biomarker data point to bidirectional associations, as there is
no distinct biological signature of PTSD. In summary, pathways from ELA to PTSD are direct
yet cluster and co-occur with several of the outcomes and resilience resources investigated by the
current studies (i.e., drug use, depressive symptoms, anxiety, social support, and sleep quality).

1.3.2 Substance Use Disorders (SUDs)

In the original ACE study, people with five or more ACEs (compared to people with
none) were 7-10-fold more likely to report illicit drug use, addiction, and intravenous use [136].
In a systematic review and meta-analysis, the OR of illicit drug use following four or more ACEs
was 5.62 (95% CI: 4.46-7.07) [5]. The findings can be seen across different ELA measures and
different drug-related outcomes. For example, in a national survey of adolescents ages 13-18, a
potentially traumatic event before the age of eleven nearly tripled the risk of cocaine use [148].
Among methamphetamine-dependent patients undergoing detox (n=110), the age of first-time
drug use was negatively correlated with emotional and physical abuse [149]. Recent results from
a longitudinal study (n=2,880) link ACEs to increased risk of polysubstance abuse [150].
Numerous studies have indicated a strong graded relationship to the risk of drug initiation and
associated problems from early adolescence into adulthood following ACEs [136,151,152].

Links between ACEs and alcohol/drug use were described in a nationally representative
Canadian sample after adjusting for depression, anxiety, smoking, pain, social support, gender,
and SES [153]. In another Canadian study, peer victimization (e.g., bullying) is one ACE that
potentiates the ACE-SUD relationship [154]. In a European study, the presence of supportive
childhood relationships was independently associated with moderating the risks of smoking and

problematic drinking among those with elevated ACE scores [155], suggesting that resilience
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factors can have profound implications for SUD risk. Resilience research linking ACEs to SUDs
is sparse. One potential resilience factor is perceived social support, discussed in section 1.6.1.

Several recent reviews have summarized important biological mechanisms along the
pathway between ELA and later-life addiction. Some authors have identified changes in reward
processing (stronger responses to drugs), executive functioning (compromised ability for self-
regulation) and affect processing (increased likelihood of self-medication in response to internal
aversive states) that interact to increase the risk for SUD following ELA [156]. While some
authors focus on the molecular and neuroendocrine pathways (i.e., dopamine, oxytocin, and
glucocorticoid) [157], other focus on the cognitive processes (e.g., impaired memory and
reasoning) [135] that increase the risk for SUD following ELA.

The neuropsychoanalytic addiction model suggests that the link between ELA and SUD
is mediated by dispositions for anger and sadness [138]. Clearly, there are numerous
biopsychosocial domains by which explanatory mechanisms have been investigated and
described. Another example is the hypothalamic-pituitary-adrenal (HPA) axis (see section 1.5.2),
which appears to be a critical factor by which chronic stress reinforces drugs’ effects [158].
Other known pathways by which ELA increases SUD risk include delay discounting (preference
for smaller rewards sooner over larger rewards later), which is closely linked to impulsivity (the
tendency to act rash when distressed) [159-162]. In the following section, data linking SUDs to
depression will be summarized, and then links between ACEs and depression will be described.

1.3.3 Depression and Depressive Symptoms

There are bidirectional associations between SUDs and depressive symptoms, including
major depressive disorder (MDD), with multiple mechanisms likely to be active simultaneously

[163,164]. For example, a higher frequency and intensity of ELA predicted AUD/SUD stronger
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than it did for depression [165], while longitudinal data suggests that MDD becomes a
consequence of AUD/SUD [166,167]. Other research has viewed depressive symptoms as a
possible mediator between SES and substance use [168], whereas others have shown mediation
by depressive symptoms between ACEs and SUDs [169]. Depressive symptoms moderate the
positive association between community violence victimization and alcohol/tobacco use [170].
Taken together, depressive symptoms have been used as an outcome, mediator, or moderator in
ACE and mental health (SUD) research. Directionality may depend on individual-level factors.

Models from Canada have failed to detect socioeconomic predictors of SUD-MDD
comorbidity [171]. Meanwhile, socioeconomic disadvantage within these contexts should not be
ignored, as multiple reports have documented socioeconomic gradients in long-term depression
trajectories [172—175]. In line with the Life Course Perspective, early life exposure affects social
development risk factors in emerging adulthood. The Acceleration Maturation Model suggests
that for individuals raised in environments with multiple sources of threat and deprivation,
“developmental reprioritization” manifests as earlier emergence of adult-like phenotypes [176].
Among Black men ages 19-25 in a rural setting (n=505), ACEs predicted additional adverse
adult exposures, which placed them at higher risk for developing substance use and depressive
symptoms [177]. Findings have been replicated in a longitudinal study of Black children and
youth (n=265), where ACEs (time one) predicted depressive symptoms (time two) which in turn
predicted substance use (time four) [178]. Taken together, SUD and depressive symptoms cluster
and co-occur, and this is an area that has been well researched.

It is important to distinguish between a clinical diagnosis of depression, and the presence
of depressive symptoms, as measured by tools such as the Center for Epidemiological Studies

Depression (CESD), which has 20 questions (see section 4.2) [179]. There are a wide range of
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assessment tools used for depression and depressive symptoms (e.g., the Patient Health
Questionnaire [PHQ]-9 with nine questions, and brief screener PHQ-2 with only two questions).

The original ACE data demonstrated a strong, dose-response relationship between ACE
score and probability of lifetime and recent depressive disorders [180]. The authors concluded
that exposure to multiple ACEs increases the risk for depressive disorders decades after their
occurrence. Longitudinal results from China (n=11,639) confirm a significant dose-response
relationship between ACEs and adult depression [181]. Enduring emotional consequences (i.e.,
depression) of ACEs are not always explained by concurrent risk factors such as socioeconomic
disadvantage [182]. While ELA is more common in deprived environments, reducing childhood
poverty alone may be insufficient to reduce abnormalities (e.g., increased inflammatory markers)
that may contribute to depressive symptoms [182]. A recent umbrella review of meta-analyses
found that the presence of any ACEs doubles the odds of depression (95% CI: 1.86-2.32) [183].

Another recent umbrella review of 19 meta-analyses focused specifically on childhood
sexual abuse and depression reported an OR of 2.7 (95% CI: 2.4-3.0), suggesting that childhood
sexual abuse confers specific risk [184]. In a French cohort of individuals with treatment-
resistant depression (n=256), depression was correlated with physical and sexual abuse, but not
other forms of childhood trauma [185]. In a nationally representative sample from the US, family
history of mental illness had the highest likelihood of predicting a depression diagnosis [186].
Those with a combination of family history of mental illness and childhood sexual abuse had the
highest odds of depression (OR: 2.8; 95% CI: 2.7-3.0).

Links between physical abuse and major depression is stronger for men than women,
despite an overall lower risk of depression among men [187]. Meanwhile, one meta-analysis

found that psychological abuse and neglect were most strongly association with depression,
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highlighting the potential impact of more “silent” types of maltreatment (other than physical and
sexual abuse) on depressive symptoms [188]. In summary, associations between ELA and
depression have been well described, and findings linking depressive symptoms to specific
dimensions of ACEs are somewhat mixed. However, the strongest evidence suggests that the
dimension of childhood maltreatment confers the highest risk of depressive symptoms compared
to the other ACE group (e.g., household dysfunction) [189]. According to the recent umbrella
review, the pooled OR for depression following exposure to any ACEs in the childhood
maltreatment dimension was 2.02 (95% CI: 1.79-2.29), which is nearly identical to estimates
when all ACEs (>1) were combined [183].

Several biological pathways linking ELA to depressive symptoms have been proposed
and will be expanded in later sections. To introduce briefly, alteration in the neural circuitry that
support reward processing may influence the emergence of depression following ELA, which is
also closely related to SUDs. Investigators have identified the ventral striatum (limbic structure
implicated in reward processing) as a possible mechanism by which individuals can experience
reduced ability to feel pleasure (anhedonia) [190]. Stress-induced alterations to the ventral
striatum may mediate the link between ELA and depression, as well as increase the risk for other
forms of adversity throughout development. A recent systematic review and meta-analysis
identified cortisol dysfunction as a potential predictor of MDD [191]. Taken together,
biopsychosocial models of depression allow for a comprehensive understanding of the causes
and consequences of depression following ELA. More research is needed on the biological
mechanisms of depression. To date, no single marker has been agreed upon.

An important resilience factor in the context of outcomes following ELA is social

support, which can buffer mental health disorders such as depression. In an Irish cohort
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(n=2,047), exposure to ACEs (including the sum score, category score, or individual experience)
was associated with higher odds of depressive symptoms, but only among individuals with poor
perceived social support [192]. These findings suggest that higher levels of social support
attenuate this association, therefore may be an important mental health resilience factor.
Childhood maltreatment has been associated with a lack of remission during treatment for
depression (those exposed were twice as likely to develop recurrent and persistent depressive
episodes), indicating a reduction in resilience capacity [193]. Research investigating novel
resilience factors (e.g., sleep quality) and established ones (self-esteem, self-efficacy, coping)
may prove beneficial for interventions related to depression-related outcomes following ELA.

1.3.4 Anxiety and Anxiety Symptoms

Diagnostic criteria for anxiety include the presence of excessive worrying that is
challenging to control [121]. According to a recent meta-analysis, ACEs can be attributed to
about 30% of anxiety cases in North America [5]. According to this study, the pooled relative
risk for anxiety following two or more ACEs is 2.25 (95% CI: 1.43-3.56) compared to
individuals with no ACEs. Estimates from the most recent umbrella review of meta-analyses are
slightly less (OR:1.94; 95% CI: 1.82-2.22) with the childhood maltreatment dimension even
lower (OR: 1.86; 95% CI: 1.62-2.14) [183]. In a large study of children (n=39,929), anxiety
estimates following exposure to multiple ACEs are even lower (OR: 1.7; 95% CI: 1.4-2.1),
suggesting that anxiety symptoms can accumulate over the life course following other known
risk trajectories. Meanwhile, anxiety disorders are more likely to emerge during childhood than
most other psychiatric disorders [194].

ELA, PTSD, SUDs, depression, and anxiety frequently cluster and co-occur, with

impairment greatest among patients with multiple disorders [195,196]. A review article that
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discussed comorbid anxiety and SUD described a mutual maintenance pattern wherein each
condition perpetuates the other [197]. General anxiety disorder and panic disorder (which
includes panic attacks) have the strongest associations with SUDs [197]. According to these
authors, pathways capturing the co-occurrence can include: 1) self-medication where anxiety
leads to SUD, 2) substance-induced anxiety disorder pathway, and 3) a third variable pathway
via genetic predisposition to both or through anxiety sensitivity, which may also serve as shared
vulnerability to both.

Anxiety sensitivity (fear of anxiety and arousal-related sensation) has been described as a
malleable cognitive-affective factor that holds relevance in both SUD and PTSD. Findings from
a recent systematic review (n=35 studies) suggest that anxiety sensitivity may moderate or
mediate the association between PTSD and SUDs [198]. Among individuals diagnosed with a
social anxiety disorder, those with co-occurring AUD reported higher levels of ELA, lower
levels of maternal care, and lower cooperativeness (indicating externalizing psychopathology)
[199]. In line with the Life Course Perspective, ACEs predict adverse adult experiences,
indicating general revictimization and increasing psychiatric comorbidity with anxiety [196].

In a smaller study of adults (n=264), negative affect and trait anxiety have been shown to
independently mediate the relationship between ACEs and health anxiety in adulthood [200].
Among primary care patients (n=4,606), each type of ACE was significantly associated with
increased anxiety symptoms in adulthood [201]. The indirect effect of ACEs on anxiety via
emotional dysregulation among those with lower levels of psychological resilience only held for
emotional abuse and household dysfunction [201]. Results suggest that certain types of ACEs

may be more profound in the development of anxiety. It has been shown that ACEs may lead to
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increased repetitive negative thinking (sometimes referred to as rumination in PTSD context),
leading to increased anxiety symptoms [202].

Consistent with a biopsychosocial approach, a brief overview of biological factors
associated with anxiety will be reviewed here. In a longitudinal study of non-medicated
adolescents (n=240), a prior anxiety diagnosis was associated with higher levels of IL-6 (pro-
inflammatory cytokine) at follow-up, suggesting that anxiety in childhood could alter
inflammatory markers [203]. Additionally, amygdala function can be affected by ELA,
increasing fear and anxiety including reduced efficacy of the caregiver as a “safe haven” [194].
Multiple pathways link ELA to anxiety, but less is known about potential resilience resources.
For example, no studies have documented the moderating effects of sleep quality (see section
1.6.2) on anxiety symptoms following exposure to childhood adversity.

1.4 Vulnerability Factors

Why do individuals who have experienced similar patterns of ELA have different
outcomes? Vulnerability has been described as a “state of heightened sensitivity to a stressor by
mounting inappropriate or ineffective defense mechanisms that also implies a lack of resistance
and absent or impaired resilience” [204]. Models of vulnerability draw from the Diathesis-Stress
Theory [205]. Diathesis refers to a tendency for a medical condition, latent weakness, or
vulnerability to manifest once the individual is exposed to certain risks or stress. Thus, adverse
environments can activate a latent diathesis in the form of behavioral, physiological, or genetic
predispositions. Simply put, this theory views some people as particularly vulnerable to
adversity. Vulnerability is thus viewed from social, psychological, and biological domains. This
section is included as important context for the integrated conceptual model described in section

2.5, and because vulnerability is closely related to resilience (covered in section 1.6).
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The Differential Susceptibility Model was developed to advance the Diathesis-Stress
Theory by considering that susceptibility to environmental influences can work “for better and
for worse” [206]. The very same individual attributes (e.g., genotype) that compromise
development or function under adverse conditions can also predispose one to develop or function
well under positive or supportive circumstances [207-209]. The theory incorporates an
evolutionary perspective that suggests humans have evolved to produce variability not only in
the heritability of externalizing behavior but in susceptibility to environmental influences [210].
The dual risk designation derives from the synergistic effect of inherent individual risk
interacting with environmental risk, often understood as Gene x Environment (GXE) interactions,
including the concept of polygenic plasticity (GxG and GxGxE interactions) [211,212]. To
illustrate the concept of differential susceptibility, a study of 1,364 families showed that 15-year-
olds who were considered highly negative as infants reported more externalizing behavior if they
experienced low-quality childcare, but fewer if they experienced high-quality care, relative to
those with less difficult temperaments in infancy [213]. Thus, vulnerability relates to resilience.

Miller et al. (2011) described a Biological Embedding of Childhood Adversity Model
where childhood stress becomes “programmed” into cells that will subsequently show an
increased inflammatory response when exposed to a challenge, with decreased capacity for
modulating this response [214]. Behaviorally, the model assumes that ELA gives rise to
excessive threat vigilance, mistrust of others, difficulty forming deep social ties, impaired self-
regulation, and unhealthy lifestyle choices. Heightened awareness of potentially threatening
situations leads to abrasive exchanges creating difficulties garnering social support from others
[214]. The notion inherent in life course trajectory models is that adversity begets adversity. In a

nationally representative sample, higher levels of ACEs had stronger associations to adult life
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stress and transdiagnostic psychopathology [215]. Thus, ELA itself is a vulnerability factor, but
there are important antecedents of ELA that link biological sensitivity to context. These include
familial, psychological, social, and environmental factors.

Behavioral indicators of susceptibility are grounded in neurobiology and maintained by
natural selection. It has been suggested that individuals of all ages vary in neurobiological
susceptibility to environmental influences and that this susceptibility varies across the life span
[216]. Daskalakis et al. (2013) introduced a three-hit concept of vulnerability, which includes: 1)
multigenic inputs, 2) early life environmental inputs and experience-related factors, and 3)
programmed phenotypes with differential susceptibility to later-life challenges [217]. When all
three hits are present, mental functioning can become compromised, leading to a higher risk of
psychiatric symptoms. The Theory of Latent Vulnerability contends that altered threat processing
is a potential consequence of early neglectful or maltreating environments [218]. Hypervigilance
to threat reduces attentional resources that would otherwise be allocated to other domains of
functioning, including wider social and academic achievement. Ignoring these factors may lead
to missed opportunities to target interventions for the most vulnerable children, offsetting risk
trajectories before psychiatric disorders emerge.

1.4.1 Parental Adversity

In this section, research suggesting that psychiatric disability can occur through parental
adversity will be discussed. This perspective introduces the potential for biological/genetic
factors to play a role, in addition to the social and environmental determinants. Not surprisingly,
adversity can reverberate across generations, therefore familial legacies of disadvantage remain
likely and relevant to ACE research. In a German cohort of children ages 7-17 (n=2,111),

investigators found a significant interaction between parental education and stressful life
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situations (i.e., parental accident, mental illness, or severe financial crisis) in predicting
children’s mental health problems after adjusting for control variables [219].

In a US cohort of children and parents living in urban poverty (n=2,750), exposure to
three or more ACEs before age three was significantly associated with the top-risk behavior
category at age five [220]. Low SES in childhood also exacerbates substance use problems,
including drug-related mortality and long-term unemployment [221,222]. A seminal review
article proposed that risky families characterized by conflict, aggression, neglect, cold and
unsupportive relationships create vulnerabilities that disrupt psychosocial functioning and lead to
risky health behaviors (e.g., substance use) and subsequent mental health problems [223]. Thus,
many mental health problems can be viewed as socially constructed and patterned through
vulnerability factors, including parental adversity.

A study of children in an urban environment (n=1,815) suggested a relationship between
parental psychopathology and childhood sexual abuse [224]. These authors proposed that
parental physical and psychiatric impairment, stress, neglect, or decreased monitoring of child
behavior may have contributed to this outcome. The study emphasizes the need to incorporate
upstream vulnerability factors into conceptual models, although they are not easily modifiable.
To illustrate further, cohort data from Finland found that both parents’ psychiatric issues and the
mother’s receipt of psychiatric disability pension increased the risk for offspring disability
pension due to mental disorders [225]. These findings highlight the importance of childhood
determinants of mental health outcomes, which may also be due to genetic predispositions.

Furthermore, in a representative German sample (n=2,531), mental illness in a household
member was associated with a nearly 5-fold increase in the risk for all types of childhood

maltreatment [226]. Authors have identified several biological embedding pathways by which
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stress can be transferred to the fetus during the prenatal period [227]. This concept has also been
described in a recent longitudinal study (n=185), showing a significant indirect effect of parent
maltreatment exposure on offspring maltreatment exposure and mental health, through parental
emotional stressors and adversities [228]. These findings suggest that intervening with the parent
to provide support and resources to meet basic needs and better cope with emotional stressors
may reduce risk for generational and intergenerational transmission of adversity.

1.4.2 Neighborhood Factors

To further introduce potential vulnerability factors for ELA, neighborhood factors are
described as important considerations. However, the original ACE measure did not capture any.
Even when families can provide safety at home, children can experience adversity outside the
home. This includes neighborhood or school violence, bullying, and denigration in many forms,
resulting from prejudice and/or “othering,” as well as stress caused by continuous exposure to
discrimination and marginalization based on race/ethnicity and/or sex/gender [229]. A
longitudinal study showed that lower neighborhood cohesion and higher neighborhood stress
was associated with greater depressive symptoms in children/adolescents [230]. Child protective
services are disproportionately experienced as a life event in children from poor and non-White
neighborhoods [231]. Meanwhile, it remains unclear how the home environment mediates the
links between neighborhood conditions and adverse adolescent outcomes.

A study of 4,898 US children and their mothers (64% living in poverty) found that
neighborhood collective efficacy was indirectly associated with delinquency, behavior problems,
and social skills by age 15, through family processes (i.e., parenting stress and exposure to
ACESs) [232]. Specifically, ACEs significantly mediated the link to adolescent delinquency and

behavior problems, but not social skills. This work showed that neighborhood structural
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disadvantage and collective efficacy have direct impacts on ACEs, bullying victimization, and
social emotional development, as well as indirect impacts on adolescents’ depressive symptoms
[233]. Taken together, neighborhood factors should not be ignored in ELA frameworks that
attempt to identify streams of causation, often requiring multilevel modeling approaches.

1.5 Biological Embedding of Adversity Overview

The Biological Embedding of Adversity includes multiple pathways by which early life
social conditions can alter physiology, cross-associate with other vulnerability factors, hinder
resilience resources, and increase the risk for psychiatric conditions. ELA can disrupt
biopsychosocial development in children in various ways, weaving into their neurobiological
infrastructure and negatively impacting developmental trajectories. The idea that early life
conditions and circumstances can become directly embedded into human biology is a relatively
new topic. This section is included because the mechanisms help to make sense out of the
psychological and behavioral manifestations that link ELA to mental ill-health. ACEs have been
shown to impact multiple body systems, and the following sections briefly focus on:
proinflammatory cascades (i.e., inflammation), the HPA axis, epigenetic modification, and
structural, functional, and morphological brain changes, including impaired reward sensitivity
(i.e., the mesolimbic dopaminergic pathway).

The Developmental Origins of Health and Disease proposed by Barker focuses on how
fetal programming translates into later pathology [234-236]. Hertzman emphasized how SES
gradients sustain processes that lead to differing levels of mortality among social classes, stating
that “socioeconomic differences in the quality of early life experiences contribute to subsequent
gradients in health status” via cumulative disadvantage [237,238]. Biological pathways underlie

the social gradient in health, leading to the hypothesis of biological embedding based on four
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criteria: 1) experiences alter biological and developmental processes, 2) systematic differences in
experience in different social environments across society lead to systematically different bio-
developmental states, 3) differences are stable and long-term, and 4) differences have the
capacity to influence health, well-being, learning, or behavior over the life course [239]. Many of
the effects of adversity accumulate over time, therefore a Life Course Perspective is needed. An
important premise is that the “hidden wounds” described below help explain the long-term
impact of ELA on mental health, although more research is needed. Figure 1.1 represents a
roadmap for the following brief sections, originally published elsewhere [240]. More evidence
on the cross-associations between these pathways is needed and is outside the current scope.

Figure 1.1: Interconnected Biological Embedding of Childhood Adversity Pathways

Inflammation Reward
Allostatic Load Sensitivity

HPA Axis Brain Changes:
Epigenetics Structural
Functional
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1.5.1 Inflammation and Allostatic Load

The immune system regulates the inflammatory cascade. Immune dysregulation may be
one pathway that explains the link between ELA and elevated rates of morbidity and mortality.
Early life immune activation sensitizes traumatized individuals to the effects of subsequent
stressors [241]. Thus, greater stress sensitivity resulting from ELA may put people at greater risk
for multiple forms of immune dysregulation [242]. Specifically, epigenetic changes following
ELA have been proposed to increase the production of monocytes and macrophages with strong
pro-inflammatory tendencies [214]. Along with many other roles, these immune cells are a
primary source of cytokines, which are immunomodulating agents. Common examples include
interleukins (IL) and tumor necrosis factors (TNF).

In a meta-analysis of 36 studies, trauma exposure was associated with elevated levels of
C-reactive Protein (CRP), IL-1-beta, IL-6, and TNF-a. [243]. In this report, the presence of
psychiatric symptoms was a significant predictor of increased effect sizes for IL-1-beta and IL-6.
In a New Zealand birth cohort (n=1,037) followed for 32 years, maltreated children had graded
increases in the risk for clinically relevant CRP 20 years later, independent of co-occurring early
life risks, stress in adulthood, smoking, and physical activity [244].

Early stress research by Bruce McEwen identified “allostatic load” (AL) as the cost of
chronic exposure from repeated environmental challenges, as a biological mechanism leading to
a wide range of diseases [245]. A later definition described AL as the “price of adaption that can
lead to disease over long periods” [246]. Social environments have major impacts on human
physiology by influencing the process of adaptation or allostasis. The original AL study used ten
parameters (e.g., blood pressure, total cholesterol, glycosylated hemoglobin, cortisol,

epinephrine, norepinephrine), which were dichotomized based on clinical cut-offs to determine
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an index score based on out-of-range values [247]. Longitudinal research (n=1,189) supports the
concept of AL as a measure of biological burden [248]. Thus, AL may be a suitable indicator of
the physiological wear-and-tear embodied over the life course [249] and has been used in many
studies, often using different biomarkers (e.g., various cytokines).

In a longitudinal study from Scotland (n=4,488), higher AL scores were not associated
with an increased risk of all-cause mortality after five years however became significant after ten
[250]. These investigators also found that AL was not associated with specific causes of death,
suggesting broad wear-and-tear across multiple physiological systems. To corroborate these
findings, a longitudinal study of adults (n=157) showed that those who experienced any type of
abuse in childhood demonstrated steeper rises in inflammation over time [251].

Prolonged influences on the biological stress system during development may increase
individual susceptibility to later mental health disorders. Several recent reviews have proposed
that gut-based immune responses leading to inflammation are likely to play a role in altered
reward processing and reactivity, suggesting a potential role of neuroinflammation in both
depression and addictions [252-254]. More specifically, inflammatory mediators can act on
cortico-amygdala (threat) and cortico-basal ganglia (reward) circuitries in a manner that
predisposes individuals to self-medicating behaviors such as smoking and drug use [255].

In line with the concept of vulnerability factors presented in section 1.4, potentially
important antecedents and social patterns of inflammation will be reviewed. A recent meta-
analysis of 43 studies concluded that proinflammatory pathways are likely an important
mechanism translating SES inequalities to mental health disparities [256]. Lower education
levels consistently emerge as important predictors of AL [257-259]. Meanwhile, other

associations between SES and AL are not totally accounted for by variations in adult SES and
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stress exposure, supporting the conclusion that ELA is not always redeemable by subsequent
experience [260]. In summary, ACEs predict increased inflammatory processes over time in
conjunction with other social factors that frequently cluster with ACEs, lending credence to the
Biological Embedding of Childhood Adversity framework [214].

1.5.2 Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is a major neuroendocrine system that governs stress-reactivity throughout
the body. The stress response is a complex, multilevel mechanism largely dependent on feedback
regulation. The hypothalamus is part of the limbic system partly responsible for regulating the
autonomic nervous system, with input from the hippocampus (which is associated with memory).
In the paraventricular region of the hypothalamus, corticotrophin-releasing hormone (CRH) is
produced, traveling to the anterior pituitary gland, stimulating the production of
adrenocorticotropic hormone (ACTH), which in turn stimulates the adrenal cortex to produce
glucocorticoids (cortisol in humans) [261]. Alterations in any of the organ systems along the
HPA axis following exposure to ELA has the potential to impact the stress response, and such
impacts may persist over the life course, with implications for mental health outcomes.

The glucocorticoid receptor (NR3C1) is present in cells throughout the body where
cortisol and other glucocorticoids bind. While glucocorticoids are primarily recognized as the
main hormone secreted in response to stress, they are also known to exert their effects
throughout the body and brain, affect learning and memory, cognition and reward-related
behaviors, and other processes [262]. It has been shown that the first 1,000 days of life are a
critical period for long-term developmental programming, and the NR3C1 gene is key for

epigenetic regulation (i.e., methylation, reviewed in section 1.5.3) in response to ELA [263].
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In a meta-analysis of 30 studies, investigators reported an association between ELA and
blunted cortisol response to social stress [264]. Cortisol suppresses the immune system by
preventing the release of proinflammatory mediators, therefore a blunted response can be
considered suboptimal. Cortisol is a primary outcome in many stress- and adversity-related
studies and is often viewed as the simplest way to document abnormal HPA axis function. Many
investigators create cumulative markers of the HPA axis by combining cortisol awakening
response, evening cortisol, and dexamethasone suppression cortisol. In a study from the
Netherlands (n=2,778), individuals with severe ELA had significantly higher levels of
cumulative HPA axis markers, partially explained by higher rates of smoking, BMI, and chronic
diseases [265]. In summary, the HPA axis and fluctuating cortisol levels represent an important
biological pathway which may help describe the effect of embodiment following psychosocial
adversity. This is one of the many mechanisms which interact with other physiological systems
to increase the risk for compromised mental health (e.g., anxiety) over the life course.

1.5.3 Epigenetic Modification

Epigenetics is the study of how various facets of the environment regulate the genome,
best described as changes in gene function without gene sequence changes. In contrast to genetic
sequences, epigenetic alterations are potentially reversible [266]. For this reason, early childhood
may be a “sensitive” rather than “critical” period (reviewed in section 2.2) since epigenetic
mechanisms can be realtered in later life, leading to stable positive outcomes [267]. While
epigenetic mechanisms are temporally dynamic, adjusting in the short- and long-term to various
environmental influences [268], some authors point toward the relative stability of epigenetic
marks even years after the exposure was experienced [269]. Longitudinal data suggest that

exposures before three years of age explain more variability in epigenetic modification than the
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accumulation or recency of exposure [270]. Thus, epigenetics represents an important bridge
between the social and biological sciences. Following ELA, specific epigenetic alterations linked
to psychiatric outcomes are likely dependent on multiple individual factors, consistent with the
concept of differential susceptibility.

The focus of this section is on DNA methylation, which is an enzymatically catalyzed
modification of DNA affecting long-term phenotypes [271], therefore one plausible mechanism
through which ELA can become biologically embedded. DNA methylation involves adding a
methyl group to the fifth carbon on the pyrimidine ring [269]. DNA methylation at gene
promoter sites is generally associated with some form of a repressed response, but
hypomethylation also has important consequences, requiring further research. It has been found
that both DNA methylation and demethylation mechanisms are induced by ELA [272].

The epigenetic regulation of the hippocampal glucocorticoid expression (increased
cytosine methylation at NR3C1) has been shown in humans [273]. A systematic review of 40
ELA studies in both animal and human (including in-utero adversity) found that most studies
reported increased methylation at the exon Ir variant of the NR3C1 gene [274]. While most
studies in humans demonstrate increased NR3C1 methylation following childhood maltreatment,
others do not [275]. Concerning psychiatric outcomes, several papers indicate that NR3C1
methylation levels correlate with depression [276—279]. Other methylation sites such as the
serotonin transporter gene (SLC6A4), brain-derived neurotrophic factor (BDNF), and oxytocin
receptors (OXTR) have relevance for both depression and anxiety [276-279]. Collectively, this
data demonstrates the diverse and complex epigenetic alterations associated with ELA. While
epigenetic research is still in its infancy, data reviewed herein suggest a mechanism relevant to

ELA, providing strong support for biological embedding.
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1.5.4 Structural/Functional/Morphological Brain Changes

ELAs effect on brain structure, function, and size provide convincing biological evidence
for many of the documented health and social problems related to childhood adversity.
Integration of neuroscience research has helped uncover mechanisms by which ELA places
individuals at risk for mental and behavioral health problems. In this section, neuroimaging data
following ELA will be reviewed, including the prefrontal cortex (PFC), responsible for executive
functioning; the hippocampus, largely responsible for memory; and the amygdala, which plays a
primary role in the processing memory, decision-making, and emotional responses. These
systems do not work in isolation, but rather communicate through various pathways that may
depend on gray and white matter as well as other brain systems outside of the current scope.

Functional magnetic resonance imaging (fMRI) techniques best capture metabolic
activity, whereas structural (sSMRI) captures anatomical features. Positron emission tomography
(PET) is a functional imaging technique. Finally, voxel-based morphometry (VBM) is used to
measure volumetric brain changes.

A recent review covered three processes by which ELA can influence brain and
behavioral development in ways that are adaptive in the short-term but may break down over the
long-term: 1) threat detection processes, 2) reward-related processes, and 3) cognitive control
[280]. The authors identified four primary psychological and behavioral consequences: 1)
emotional reactivity (threat vigilance in the amygdala), 2) reward responsivity (reward
processing in the ventral striatum), 3) emotion regulation (modulation of the amygdala by the
PFC), and 4) delay discounting (the tendency to select smaller sooner rewards over larger later
ones). All four can be considered trans-disease processes, which helps explain why health-risk

behaviors frequently cluster among individuals [280].
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Among adolescents (n=58) exposed to ELA, VBM revealed a reduction in gray matter
volume, which may be involved in increased risks for mental health problems later in life [281].
Structural MRI data on individuals in SUD treatment (n=79 compared to 98 healthy controls)
revealed that ELA-related gray matter volume reductions predicted relapse severity [282].
Among deprived adoptees (n=67 compared to 21 non-deprived adoptees), total brain volume was
strongly associated with deprivation duration (between 3-41 months), after accounting for
potential environmental and genetic confounders [283]. This study also found that smaller brain
volume was associated with lower 1Q and more ADHD symptoms. The authors concluded that
time-dependent severe deprivation in the first years of life was related to brain structure
alterations, despite extended enrichment in adoptive homes in subsequent years [283].

ELA has been shown to impair executive functioning (mental skills that include working
memory, flexible thinking, and self-control), which may be one explanation of why maltreated
children are at higher risk for academic, psychological, behavioral, and social problems relative
to their peers. A recent systematic review of 36 studies revealed a strong relationship between
maltreatment and executive functioning deficits among children [284]. This association is
stronger for deprivation than threat [285]. Family member illness (particularly maternal
depression) has also been associated with poor executive functioning [284], highlighting the
need to investigate vulnerability factors whenever possible. These findings implicate the
importance of biological and genetic factors that are often overlooked in social science research.

There is an increasing body of literature documenting decreased hippocampal volumes
following ELA. A meta-analysis of 15 articles found that those with ELA had lower
hippocampal volumes [286]. The consequences of reduced hippocampal volumes may include

broad associative memory difficulties. In an fMRI study of children and adolescents ages eight to
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19 (n=59), violence-exposed children showed selective disruption of associative memory for
threat cues, regardless of age, likely contributing to poor life outcomes through multiple
pathways [287]. In one study of children who experienced ELA (n=128), smaller hippocampal
volumes were noted in children who were physically abused or from low SES households [288].
These findings strengthen the argument that low SES can, in many cases, be considered a form
of adversity with enduring consequences over the lifespan. Research is needed on the resilience
of hippocampal volume following ELA but will be difficult to adjust for other contextual factors.

Morphological research on the amygdala remains inconclusive. A meta-analysis of
individuals exposed to ELA showed no strong evidence of differences in amygdala volume
[286]. Individual studies introduce more nuance to these findings. In one longitudinal sample of
adolescents (n=117) using MRI, childhood maltreatment predicted accelerated growth of the left
amygdala over time [289]. A recent study concluded that investigation of total amygdala volume
may not provide an adequate index of the link between the amygdala and stress-related mental
illness [290]. A better understanding may come from the study of amygdala reactivity and
connectivity. Among low-income boys followed for nearly 19 years (n=310), fMRI revealed that
harsher parenting and greater neighborhood deprivation as a toddler predicted clinically
significant symptoms of antisocial behavior via decreased amygdala reactivity [291].

1.5.5 Reward Sensitivity

In this final section, evidence linking ELA to altered reward sensitivity is summarized.
ELA is a common antecedent of adolescent and adult affective disorders involving reward
circuitry, with relevance for SUD. The primary neurotransmitter associated with addictions is
dopamine, which contributes to various addictions through its differentiated roles in

reinforcement, motivation, and self-regulation [292]. The mesolimbic pathway transports
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dopamine from the ventral tegmental area (VTA) to the nucleus accumbens (NAc), amygdala,
and hippocampus. In the context of SUD and PTSD, three major neural systems have been
identified: 1) motivational reward (the “wanting” that drives the motivation necessary to claim
the reward), 2) consummatory reward (the experience of pleasure when a reward is received),
and 3) reward learning (adaption of behavior based on reward history) [144]. Early experiences
of maltreatment have a long developmental reach, resulting in reward-related neural alterations
[293] with profound implications for substance-seeking behavior.

Brain sensitization in PTSD (e.g., diminished corticolimbic response to pleasant and
aversive psychosocial stimuli) may interfere with reward valuation [294]. Individuals with PTSD
have been shown to have increased dopamine transporter density, which may reflect a higher
dopamine turnover and potentiate exaggerated fear responses to cues associated with past trauma
[295]. The overlaps between stress and reward neurobiology suggest that any changes in stress
neurobiology are likely to influence reward [296]. It is not necessarily positive or negative
reinforcement to avoid withdrawal symptoms that drive SUDs, but rather the learned association
of relief from an aversive mental state that drives cravings in susceptible individuals [297]. Such
learned associations may be established for life. Altered functioning of key reward-related
frontostriatal circuits is most pronounced when maltreatment and depression co-occur [298].

As discussed throughout, ELA alters core aspects of affect and cognition that
subsequently increase the risk for additional pathology. ELA results in deficits in ventral-
striatum-related functions of reward responsiveness and approach motivation, particularly when
the stressor is experienced in early development [296]. The ventral striatum includes the NAc
and is associated with the limbic system, implicated as a critical part of decision-making in the

context of reward-related behavior. Among 20 individuals exposed to a high degree of
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psychosocial stressors (including ethnic minority status and living in an urban environment),
resting-state MRI showed increased corticostriatal connectivity between the ventral striatum and
brain regions implicated in salience, compared to controls (n=22) [299]. Salience can be
understood as the assignment of value, which works with the memory to “learn” behaviors.
Among children ages 9-12 (n=40), MRI suggested that ELA is associated with alterations in the
brain’s sensitivity to rewards [300]. Findings suggest that the link between ELA and reward
processing could be explained, in part, by differences in the ventral striatal response to rewards.

Impulsivity refers to an individual’s propensity to have a compromised ability to engage
in top-down inhibitory control in the face of reward anticipation [301]. Impulsivity is a
multidimensional construct spanning several psychological domains with links to both dopamine
and serotonin [302]. According to this review, key frontostriatal circuits may link multiple forms
of adversity to drug use and other addiction-related behaviors. Impulsivity has been negatively
correlated with dopamine in the PFC: higher impulsivity levels relate to lower concentrations of
dopamine, which creates a positive feedback loop leading to increased impulsivity [303].

A final construct linking ELA to SUDs is delay discounting, which is related to
impulsivity and may be a consequence of brain-related changes. Delay discounting describes the
process by which individuals discount temporally displaced rewards more steeply in favor of
immediate rewards. It has been suggested that elevated temporal discounting rates are a
predisposing factor rather than a consequence of compulsive behavior [304]. A recent meta-
analysis of neuronal correlates of delay discounting found that reduced ventral striatum activity
was associated with an impaired valuation process [305]. In summary, the effect of ELA on
reward sensitivity can be captured by a range of behavioral processes, but the most notable

outcome is SUD, implicating biological embedding in the pathway between ACEs and drug use.
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1.6 Resilience Factors

Most of the original theories on resilience came from developmental psychologists and
psychiatrists during the 1970s. Resilience is not just the inverse of an individual’s vulnerability
[306], nor is it the absence of psychopathology [307]. Resilience factors can be defined as
characteristics, skills, and resources that reduce the risk of mental problems following ELA.
Although ELA is a powerful predictor of psychopathology, the relationship is not deterministic,
as a significant proportion of individuals exposed to ELA function better than expected [308],
which may be due to differential susceptibility as well as various resilience factors. Because
resilience in relation to ELA may stem from positive adult experiences, a life course trajectory
approach is needed that measures risk and protective factors over time. Resilience continues to
be difficult to measure because of its broad definition, and difficulty comparing findings given
that numerous instruments have been utilized.

Early contributions to resilience concepts came from Michael Rutter [309-312]. Rutter
described a “steeling effect” where the experience of stress or adversity can sometimes
strengthen resistance to later stress [313]. Such concepts can be inferred from observing
individual variations in outcomes among individuals exposed to ELA. Resilience starts with the
assumption that given the same dose of stress, trauma, or adversity, there will always be marked
heterogeneity in response [314]. In some cases, appropriate experience in adult life can counter
the effects of ELA. While individual differences in response to adversity may reflect biological
pathways influenced by genes, there is always the need to consider the social context of possible
influences [315]. Ungar (2019) stated that resilience is “best understood as the process of
multiple biological, psychological, social, and ecological systems interacting in ways that help

individuals to regain, sustain, or improve their mental wellbeing when challenged by one or more
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risk factors” [316]. Culture and context will influence what resilience looks like and the
processes by which individuals manage situations when stress levels are heightened.

Resilience is a dynamic process (not a trait) that operates through the lifespan- before,
during, and after adversity. It encompasses several interacting features, including emotion
regulation abilities, flexibility, coping strategies, health behaviors, self-esteem, prosocial skills,
and a positive outlook. Mental health resilience describes the process of effective adaptation,
naturally linked to the question of preventing stress-related disorders. Among young Black gay
and bisexual men in New York City (n=228), the resilience factor of self-efficacy emerged as
more important than social support in promoting resilience to distress, depression, and anxiety
[317]. These findings suggest there is not a single way resilience plays out across various groups.

Resilience represents a category of protective factors among people who have
experienced ELA. In a community-based longitudinal study from the UK (n=571 adolescents
and their parents), resilience (defined as the absence of mental health problems in adulthood)
following childhood maltreatment was related to perceived parental care, adolescent peer
relationships, the quality of adult love relationships, and personality [318]. In another study
linking ACEs to school-related outcomes, the strongest protective factor was a parent who could
communicate with their child about things that matter and share ideas [319]. A cross-sectional
study from China found that the impact of ACEs on depression and anxiety can be buffered by
high levels of resilience (as measured by the Connor-Davidson Resilience Scale) [320].
Meanwhile, in an Irish longitudinal study of older adults, the investigators found no evidence
that resilience (as measured by the Resilience Scale) mediated the association between ACEs and

depressive symptoms [321]. Findings suggest that other ACE-related factors (e.g., poverty,
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biological embedding) may make individuals less responsive to the protective influence of
resilience, necessitating an examination of the larger socioecological context.

Most research suggests that childhood adversity hinders resilience. Among 14-year-olds
exposed to ELA, there were significantly lower levels of resilience factors compared to those
unexposed [322]. Among children ages 6-17, ACEs decrease resilience in a dose-dependent
manner after controlling for child, family, and community factors [323]. A study of a
community-based sample of Black adults (n=1,962) found lower resilience capacity associated
with maltreatment, with no differential influences due to developmental timing [324].

The importance of socio-contextual factors (e.g., supportive relations, community
resources) continues to emerge in resilience literature [308,325]. Community-level resilience
factors can include neighborhood safety, neighborhood amenities (e.g., libraries, parks), access
to mentorship, and others. Actions that strengthen community resilience assets may partially
offset the immediate harms of ACEs [326]. More research is needed to understand mechanisms
by which resilience factors buffer the impact of ACEs on mental health, and how this may vary
across different sociodemographic groups.

Given the growing importance of resilience in the context of ELA, it has been suggested
that a combined assessment of positive childhood experiences together with ACEs may better
target needs and interventions, which may enable strategies to promote wellbeing [327]. In a
South Carolina study, it was suggested that urban children may be less likely than rural children
to have positive childhood experiences (social connections with family and community) [328].
Some investigators have referred to these prosocial connections as counter-ACEs, which have
been shown to diminish ACEs negative effect on young adult health and independently

contribute to better health outcomes [329]. A recently published Resilience Protective Factors
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Checklist includes individual, family, and community level buffers to ELA known to contribute
to positive outcomes [330]. Future ACE research should incorporate these variables into models
to better capture factors known to interact and counteract with adversity over the life course.
Specific focus on how resilience may manifest across generations is needed.

Below is a summary of resilience’s neurobiological markers, drawn from key articles
published within the last few years. Individual differences in inflammatory reactivity (often
measured by cytokines such as IL-6 or CRP) may explain why certain individuals exhibit
differing susceptibility to the impact of stress [331,332]. The ability to modulate negative
emotions (via the amygdala) using cognitive control strategies may be a resilience marker. Other
factors that become increasingly important during adolescence include reward processing,
affective learning, and self-regulation, all governed by neurobiological processes which are
influenced by contextual factors (e.g., family, peers, social environment) [333]. A recent review
suggested that the resilient brain’s development seems closely tied to the emergence of intact
social networks [334]. Other mechanisms of resilience have been found in the HPA axis [335].

1.6.1 Perceived Social Support

One important resilience resource in the context of ELA is perceived social support.
Pioneering work on social support initially described it as information rather than the provision
of services and material aid [336]. Later work described social support as a characteristic of the
interaction between the recipient and the provider [337]. Hupcey (1998) defined social support as
a “well-intentioned action that is given willingly to a person with whom there is a personal
relationship and that produces an immediate or delayed positive response in the recipient” [337].
The studies reviewed below use a wide range of instruments to capture the construct of social

support, ranging from the Multidimensional Scale of Perceived Social Support (MSPSS),
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Perceived Social and Emotional Support, Social Provisions Scale, ENRICH Social Support
Index, Interpersonal Support Evaluation List, and several unvalidated questionnaires. Other
disciplines have used the concept of social capital [338,339] and social networks [340,341] to
capture the importance of social relationships in health.

Findings linking low levels of social support to poor mental health outcomes have been
described. In a nationally representative Swedish sample, poor social support was independently
associated with mental ill-health [342]. This relationship has been explored in the context of
exposure to ELA. In a representative German sample, ELA was associated with reduced social
support [343]. Childhood maltreatment may compromise the capacity to build or utilize
supportive relationships [214]. Meanwhile, among adults (n=7,047), the life course impact of
ACESs on mental health was mitigated by always having support from a trusted adult during
childhood [344]. Younger age individuals tend to identify family members as their strongest
sources of support whereas older individuals identify friends and community members [345].

Recently, investigators have attempted to define “complete mental health” as the absence
of mental illness in combination with almost daily happiness and/or life satisfaction, as well as
high levels of psychological and social wellbeing [346]. In their study of Canadians adults
(n=17,665), complete mental health among survivors of childhood sexual abuse was related to
social support and lifetime history of favorable mental health conditions.

Multiple studies have shown that social support and social networks partially mediate
links between ELA and mental health outcomes [341,347—-349]. Furthermore, among adults with
at least one ACE (n=12,487), individuals who reported that they usually/sometimes received
social support were 87% less likely to report current depression, compared to those who

rarely/never received it [350]. Other studies have demonstrated that lack of social support, as
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well as low-income and adult adversity, are conduits for which ACEs exert their detrimental
influence on mental health in adulthood [351]. These authors conclude that social support is a
critical resource in buffering the effects of life stressors on mental health, but it is vulnerable to
erosion by the adversities that spawn the stress. Perceived social support has shown to be
protective of anxiety in cross-sectional data [352] and identified as a mechanism by anxiety
symptoms improve in an intervention study [353]. However, there is a lack of data examining
social support as a protective factor between ELA and drug use.

1.6.2 Sleep

One of the known consequences of ELA is impaired sleep over the lifespan. Sleep
disturbances are both a mediator and moderator linking ACEs to a wide range of mental health
outcomes. They may contribute to consequences of ELA that modulate later quality of life [354].

It has been recently proposed that sleep quality might be an important resilience resource.
In a large cohort of adults (n=19,333), the authors found that sufficient sleep was consistently
associated with fewer days of poor mental health and had significant interactions with ACEs for
all but the oldest age group [355]. This reinforces the potential for sleep and other health
behaviors to buffer the vestiges of ELA. In a longitudinal study of adolescents (n=2,280),
resilience significantly mediated the effects of all family dysfunction trajectories on sleep quality
[356]. Most of the research linking ACEs to sleep disturbance is not adversity-specific, however
some studies have linked childhood sexual abuse to sleep in adulthood [357,358]. Childhood
sexual abuse may be a nonspecific risk factor for sleep disorders above and beyond the impact of
depression and PTSD.

There is a graded inverse relationship between sleep quality and cumulative ACE score

[359,360]. Using the original ACE study sample (n=17,377), those with five or more ACEs were
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over twice as likely to report trouble falling or staying asleep, compared to those with no ACEs
[360]. In a nationally representative study, each ACE increased the odds of short sleep duration
by 20% and was not explained by symptoms of poor mental or physical health, suggesting
unique causal mechanisms [359]. One potential pathway is through nightmares [361,362], which
is also correlated with PTSD. Among trauma-exposed adults (n=349), sleep difficulties played a
key role in explaining PTSD, with links through physical factors (e.g., inflammation) and
psychological factors (e.g., cognition) [363].

Sleep complaints after exposure to ELA can persist even in old age. In a national sample
of adults ages 60 and older, early parental emotional abuse was associated with impaired sleep
through hindered development of supportive social relationships later in life [364]. This in turn
was associated with more emotional distress and ultimately decreased subjective sleep quality.
Life course models investigating sleep patterns following ELA may elucidate mechanisms by
which adversity impacts mental health (e.g., depression) in older age.

An important correlate of sleep disruption is depressive symptoms. Insomnia or
hypersomnia is part of the diagnostic criteria for Major Depressive Disorder [121]. While the
relationship is likely bidirectional, evidence supports sleep disturbance as predictive of future
mood disorders [365-367]. In a meta-analysis of 21 longitudinal studies, the odds of depression
following insomnia increased by 260% [367]. Research on US military personnel (n=759)
showed an indirect effect of ACEs on depressive symptoms through sleep disturbance [368].
Other research in college students (n=399) documented sleep quality as a mediator between
ACE:s and depressive and anxiety symptoms [369].

Statistical models should account for the U-shaped association between sleep duration

and incident depression [370]. A nationally representative study has shown that when sleep
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duration is less than eight hours, increased sleep is associated with lower risk of incident
depression, whereas when sleep duration is more than eight hours, depression risk increased with
longer sleep [370]. Taken together, impaired sleep appears to be one sequelae of the life course
trajectory following ELA that is less documented in the context of mental health research.
However, given that links between sleep and depressive symptoms are not straight-forward, a
nuanced approach to modeling this relationship is required.

While most studies have focused on poor sleep as an outcome, mediator, or effect
modifier, fewer studies have investigated sleep as a protective resource. In a longitudinal study
(n=715) starting from ages three to five through early adulthood (ages 21-26), good sleep
emerged as a resilience factor in young adults [371]. Adequate sleep could be conceptualized as
a resilience factor that moderates the link between ACEs to both depressive and anxiety
symptoms, however this has not yet been shown.

1.7 Men Who Have Sex with Men (MSM) Overview

The purpose of this section is to highlight health disparities among MSM and other
sexual minority groups, defined as non-heterosexual, transgender, or non-binary individuals.
Being transgender and gender nonconforming has been associated with worse mental health
when compared to cisgender lesbian, gay, and bisexuals [372]. Other groups of people who
identify as “mostly heterosexual” or “unsure of sexual identity” rather than MSM have higher
rates of victimization as well as suicide attempts [373,374].

According to a recent systematic review of 16 US studies, the prevalence of MSM among
men ranges from 3.8-6.4% [375]. However, fewer people identified as MSM than reported
sexual experience or attraction with other men, suggesting that stigma associated with sexual

identity could downwardly bias this estimate.
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Multiple studies have documented higher rates of ACEs among sexual minority groups
[376-380]. Sexual minority groups have more frequent SUD/AUD and psychiatric comorbidity,
which is exacerbated in the presence of ACEs [379,381]. Sexual minority populations exposed to
household dysfunction as children (parent/adult incarcerated or has SUD or other psychiatric
condition) had much higher likelihood of an early sexual debut [382], which can open the door
for other forms of vulnerability and adversity. According to this study, eight in ten respondents
reporting sexual debut before age 13 were exposed to ACEs.

In a sample of MSM adults (n=2,590), nearly 80% reported exposure to at least one ACE
[383], which is over three times higher than the general population [4]. ACE exposures are more
likely to cluster with other forms of childhood adversity rather than occur in isolation. For
example, one study indicated that ACEs and peer bullying explained the health disparities
between sexual minorities and heterosexuals [377]. In a longitudinal study of 16-29-year-olds
assigned male at birth who identify as sexual and gender minorities, pre-trauma inflammation
amplified the effect of incident trauma exposure on perceived stress at follow-up [384]. These
findings corroborate with the biological embedding processes described in section 1.5.1.

At the intersection of two minority statues, several studies have investigated health
outcomes among Black MSM, who experience high rates of both HIV and incarceration [385]. In
a study of low-income Black MSM (n=542), participants were more likely to engage in
transactional sex if they did not complete high school, suggesting that HIV risk behavior (see
section 1.7.1) may be linked to undereducated neighborhoods [386]. Black men testing positive
for HIV (n=99) had significantly more sexual partners, condom-less sex, and more transactional
sex when PTSD was present [387]. In another investigation (n=536), almost 90% of Black MSM

experienced at least one ACE, and all ACEs were significantly associated with adult mental
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health [388]. The presence of multiple marginalized identities contributes to cumulative
disadvantage which necessitates life course models to capture collective and accruing risk.
Finally, MSM status has also been associated with unstable housing in the presence of
ACEs [389,390], which supports a social determinants of health framework for explaining MSM
health disparities. These findings are particularly relevant for the group under study (see section
4.1). In summary, MSM (especially Black MSM) appear disadvantaged with respect to ACE
exposure, experiencing higher prevalence of ACEs than non-MSM. Disparities in mental health
outcomes among MSM are discussed in section 1.7.2, but first, data on HIV will be reviewed.
1.7.1 MSM & HIV
HIV incidence decreased by 14.8% between 2008 and 2015, among all transmission risk
groups except for MSM [391]. According to this study, the percentage of undiagnosed HIV
infections remains higher among Black and Hispanic/Latinx persons than White persons.
According to a systematic review and meta-analysis (n=12 studies), MSM with a history of
childhood sexual abuse were more likely to be HIV+ and to engage in recent condom-less anal
intercourse [392]. In one sample of older adults (n=131, ages 54+) at an outpatient HIV clinic,
40% reported experiencing sexual abuse in childhood [393]. Individuals with childhood sexual
abuse histories had higher cytokine levels than those without, suggesting that the physiological
sequelae of childhood trauma may persist into older adulthood among those living with HIV.
Investigators have also found that MSM with a history of childhood sexual abuse were
more likely to report substance use and sex under the influence of alcohol and drugs [392].
Intravenous drug users are at high risk of HIV infection [394]. Of all the drugs, crystal meth
appears to associate with the most risk. A systematic review (n=61 studies) reported that

compared to HIV+ MSM who do not use crystal meth, HIV+ MSM who do are more likely to
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report high-risk sexual behaviors, incident STIs, and condom-less anal intercourse [395].
Frequent meth use has been consistently associated with HIV-related outcomes [396].

For males, the odds of HIV risk increased significantly following exposure to at least one
ACE [397]. According to a recent systematic review and meta-analysis of 19 studies pooled
across multiple populations, the proportion of STIs attributable to childhood adversity was 33%
[398]. Other research has suggested that the cumulative impact of ACEs best characterizes HIV
risk-taking behavior [399]. One example of high-risk sexual behaviors is transactional sex.
Global data suggests that transactional sex is associated with a significant elevation in HIV
prevalence [400]. Among MSM enrolled in the mSTUDY (n=511; current study sample,
described in section 4.1), HIV viral load was significantly associated with transactional sex
[401]. More research is needed to understand the life course trajectories by which ACEs may
confer increased risk for HIV among socially disadvantaged MSM. In national data, the effect of
ACESs on HIV/STIs was fully explained through PTSD and intimate partner violence perpetration
among men [402].

1.7.2 MSM & Mental Health

Mental health and other psychosocial problems such as substance use, depression,
anxiety, and violence frequently cluster and co-occur for many MSM. The presence of multiple
risk factors for poor health has been described as “syndemic” [403—405]. Associations between
urban MSM and anxiety and depressive symptoms are consistent in the literature, particularly
among those who are HIV+ [406,407]. It has been suggested that HIV diagnosis often precedes
depressive symptoms [408]. Two recent meta-analyses suggested that the pooled prevalence of

depression and depressive symptoms among MSM in China is between 38.9-47.5% [409,410].
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Approximately one-third of MSM report anxiety, while one in five report suicidal
ideation [410]. In the presence of ACEs, significant associations with anxiety and worse mental
health quality of life have been reported [411]. In one sample of MSM (n=304), models showed
an indirect effect of ELA on adult psychological distress through dysfunctional thoughts toward
oneself [412]. ACEs are associated with poor mental health outcomes, and marginalized groups
such as MSM are at higher risk for ACEs, exemplifying cumulative disadvantage over the life
course. Meanwhile, evidence reviewed above suggests that other experiences associated with
being MSM (e.g., stigma) can also predict poor mental health outcomes in the absence of ACEs.

MSM have higher rates of SUD [413]. Among Black and Latino MSM reporting
childhood sexual abuse before the age of 16, nearly half (46%) scored at or above the diagnostic
cut-off for harmful drug use or dependence [414], which is approximately five times higher than
SUD rates in the general population [415]. In meth-using MSM (n=286), nearly a quarter met the
criteria for antisocial personality disorder [416]. Among MSM enrolled in the mSTUDY
(n=534), meth was the most influential predictor of depressive symptoms as well as an inability
to improve over time [417]. Among persons living with HIV in New York City (n=7,986),
persistent drug users were more likely to have an unsuppressed viral load compared to non-users
[418]. “Chemsex” has been described as using specific drugs during planned sexual activity to
sustain or enhance sexual functioning [419]. A recent systematic review found frequent reports
of adverse mental health outcomes and documents of chemsex-related inpatient admission [420].

Like other ACE research, there is a growing interest in identifying mental health
resilience factors among MSM exposed to multiple forms of adversity. Among MSM in China
(n=714), the effect of ACEs on depressive symptoms has been shown to be moderated and

buffered by resilience [421]. Recent mSTUDY data (n=379) suggest that increasing social
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capital resources may impact the HIV-prevention continuum [422]. It has been suggested that
social support can play a protective role regarding HIV risk [423]. A recent systematic review of
interventions for sexual minority groups found that all interventions improved mental health
outcomes [424], suggesting that investment into resilience and recovery factors among MSM can
be productive.
1.8 Chapter One Summary

ELA has a pronounced impact on an individual’s mind, brain, and behavior over the life
course, giving rise to excessive threat vigilance, mistrust of others, difficulty forming deep social
ties, impaired self-regulation, and unhealthy lifestyle choices. Childhood adversity usually
originates from an accumulation of contextual risk factors beyond a child’s control. Antecedents
include socioeconomic disadvantage, parental mental health (which includes biological/genetic
predispositions), family structure, education, neighborhood safety, and other environmental
exposures. It is important to consider both vulnerability and resilience factors including
supportive relations, community resources, and positive childhood experiences. ELA can impair
resilience resources such as the perception of social support, which has been linked to poor
mental health outcomes. Research investigated the moderating effect of resilience resources
(e.g., social support, sleep quality) following ACEs is limited among mental health outcomes.

ACEs represent a major health and financial burden globally. An accumulation of risk by
multiple forms of stress, trauma, adversity, and social disadvantage increases the likelihood of
poor mental health outcomes, particularly in the absence of resilience factors. ACEs have been
shown to confer nonspecific risk for a wide range of adverse health conditions across all
socioeconomic groups. A significant body of literature shows that ACEs predict PTSD, SUD,

depression, anxiety, and poor sleep. All sexual minority groups appear disadvantaged concerning
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both ACE exposure and mental health outcomes. Psychosocial problems such as substance
misuse and depressive symptoms frequently cluster and co-occur for many MSM (the group
under study). Research linking ACEs to mental health outcomes is limited among MSM.

The Biological Embedding of Adversity describes multiple pathways by which early life
social conditions can alter physiology, cross-associate with other vulnerability factors, and
increase the risk for psychiatric conditions. Biological embedding pathways lead to inflammation
and allostatic load, alterations in the HPA axis, epigenetic modifications, as well as structural,
functional, and morphological brain changes, including impaired reward sensitivity. The
Biological Embedding of Adversity framework can help to elucidate the social determinants of
specific health outcomes and may identify pathways of risk across the life course.

Embodiment of ELA disrupts physiology and alters differential susceptibility by way of
cumulative disadvantage, compromising mental health at all socioeconomic levels. Emerging
individual-level biological evidence on ELA suggests that childhood adversity is an important
and often overlooked upstream risk factor, which is noteworthy given that these exposures are
somewhat preventable. When stressors accumulate and multiply over the lifespan through
biological, psychological, social, and environmental factors, they reinforce the need to reduce
ACEs to promote quality starts in life, particularly among socially marginalized groups. In the

next chapter, foundational theories which drive the research questions will be described.
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2 CHAPTER TWO: THEORY
2.1 Theory Overview

A theory summarizes the cumulative knowledge used to explain, predict, and influence
behavior across different populations and contexts. At present, no single theory can fully explain
the complexity and pathways that give rise to ELA as well as describe potential long-term
consequences. This chapter summarizes three theories from various disciplines to propose an
integrated conceptual framework linking ELA to adult mental health outcomes. This chapter
discusses the Life Course Perspective, the Biopsychosocial Model, and the Fundamental Cause
Theory, separately, and then conjunctively.
2.2 Life Course Perspective

The Life Course Perspective (LCP) was pioneered by sociologists and has since been
used in medicine and more recently, by public health researchers. Medical perspectives
influenced by the Development Origins of Health and Disease and the Biopsychosocial Model
(see section 2.3) overlook the potential for later life interventions to alter disease progression.
This created a need for updated models to consider that health may be adaptive with changing
environmental contexts over time [425,426]. Thus, life course research shifted the time frames of
interest from months and years to decades and even the entire life span. Although many diseases
and disorders are diagnosed in older age, these conditions generally reflect injury incurred from
exposures earlier in life. This is particularly relevant for the current dissertation which aims to
capture associations between childhood adversity and adult mental health outcomes.

Simply collecting exposure data across time is not synonymous with a life course model
for disease causation [427]. The LCP also considers how widespread social change (e.g.,

political, economic) can alter developmental paths of both individuals and groups. The LCP has
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been utilized across several possible models, including latency and pathway (or trajectory)
models, which are discussed below. All hypothesize streams of causation that can be direct
and/or indirect, biological and/or psychosocial, and occur across the domains of space and time.
The core constructs of LCP include: 1) Early Programming (discussed previously in the
Biological Embedding of Adversity section 1.5), 2) Sensitive and Critical Periods, 3)
Cumulative Impact, and 4) Risk and Protective Factors [428]. A primary objective in each of
these constructs is to understand how health develops and how disparities are created and
perpetuated over time. LCP calls for greater investment in community health by improving the
social conditions that can be considered fundamental causes of health inequities (see section 2.4).
Sensitive and Critical Periods. Exposure to various types of adversities can cause long-
term, gradual damage to health in separate and independent ways, or they may cluster in socially
patterned ways [427]. Timing matters. Latency models describe how discrete events that tend to
occur early in life can have a strong independent effect later in life, whereas pathway models
look at their cumulative effect along developmental trajectories [238]. Latency models recognize
“sensitive” periods- windows of time during which an exposure is extremely influential and
outside of that window becomes less relevant [429]. A “critical” period of exposure must occur
during a specific window to have its effect, as originally proposed by the fetal origins of adult
disease hypothesis [234], later renamed the Developmental Origins of Health and Disease.
Cumulative Impact. The LCP highlights the complex inter-relationships and arbitrary
differentiation between social and biological mechanisms [427,430]. A primary premise is that
these mechanisms influence health and disease independently, cumulatively, and interactively
[431]. Cumulative biological models consider how each additional period of risk exposure can

induce lasting physiological harm [429]. An example would be brain changes following ELA in
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the context of persistently low SES throughout childhood and adolescence (see section 1.5.4).
Trajectories describe sequences of experiences which can include various life transitions over
time [55]. Social trajectory models emphasize “sticky” exposures such as social position, which
tend to have long-lasting effects on health [429]. For example, if education is a mechanism
through which class-based inequalities are reproduced, then education-based stratification in
early childhood can be expected to amplify across the life course [432]. Thus, childhood
disadvantage can be compounded across the life course with chains of further adversities [433].
Since individual lives are embedded in larger contexts, LCP incorporates constructs such
as social ties, which are known to change over time and contribute to both positive and negative
health behaviors [340]. The Cumulative Inequality Theory proposed by Ferraro (2009)
incorporated knowledge from the Biological Embedding of Adversity framework to consider
how various social factors get “under the skin” and accelerate aging [434]. This theory focuses
on how social systems generate inequality that reverberate over the life course. As disadvantage
accumulates, trajectories can be altered, which can in turn impact anticipated consequences (for
example incarceration). Thus, personal trajectories are shaped by the accumulation of risk
factors, available protective resources, and an individuals’ perception of these trajectories [434].
Risk and Protective Factors. Pathway models have also been called “chains of risk”
models, considering various mediators and moderators at points along the causal chain [430]. An
example would be an investigation of potential resilience factors following exposure to ACEs in
the context of mental health outcomes (see section 1.6). Fortunately, some unfavorable risk
trajectories can be mitigated by the magnitude, onset, and duration of protective resources [435].
The LCP also considers how socioeconomic advantage over a lifespan can be protective

of better health in elderly years, consistent with the concept of resilience resources. As advantage
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continues to grow over time, it can be conceptualized in terms of increasing return on resources
such as education [436]. While individuals are faced with many choices and paths to follow,
these choices are constrained by the opportunities structured by social institutions (e.g., culture,
community) [55]. Unfortunately, many health behaviors and psychosocial characteristics change
little over generations [49], and in some cases, upward social mobility does not mitigate or
reverse the adverse effects of early life SES on adult health [437]. Some contend that adult health
is the cumulative outcome of childhood circumstances plus adult socioeconomic resources and
lifestyles [438]. Clearly, social disadvantage early in life perpetuates throughout the life course.

Concerning ELA, many of its effects appear “sticky” but to date, there is a shortage of
longitudinal resilience research in the context of mental health. Importantly, the effects of ELA
should be considered in conjunction with, as well as independent of, SES in life course models.
Because the studies herein link exposures in early life to outcomes in adulthood, the LCP is the
primary theory driving the research questions, conceptualized as a trajectory model. Meanwhile,
it is unlikely that any single life course model will adequately account for the widespread
associations of ELA to neurodevelopment, behavioral health, and adult mental health outcomes.
Therefore, additional theories are needed for mechanistic explanation.
2.3 Biopsychosocial Model

Engel’s Biopsychosocial (BPS) model (1977) proposed an update to the prevalent
biomedical model at that time to include psychosocial components of illness, with the hope of
creating better patient understanding and care [439,440]. Reductionistic medical models assume
only physiological processes are causally relevant. Thus, the BPS is seen as a patient-centered
model that incorporates a broader context, to reflect the social responsibilities of disciplines such

as psychiatry (which has become increasingly cross-disciplinary due to ACE research).
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However, in this dissertation the BPS will not be invoked as a clinical model, but rather used to
conceptualize the physiological mechanisms by which ELA can impact mental health
trajectories, particularly among marginalized groups.

The BPS model substantiates the relevance of biological embedding pathways (reviewed
in section 1.5) and provides important theoretical context for life course trajectories following
childhood adversity. First, the strengths of the BPS model relevant to this dissertation will be
summarized, then several shortcomings and critiques will be discussed.

Health is not simply about biology, which is in many ways structured by an individual’s
psychology and the societal context. Engel advocated for physicians to evaluate all the potential
factors contributing to illness, as well as the experience of being a patient. The BPS model is
grounded in General Systems Theory, which contends that all levels of organization are linked to
one another in a hierarchical relationship: changes in one level affect change in others [439].
General Systems Theory orders the world into a hierarchy from the most elementary particles to
the individual person, to social phenomenon, and the universe.

The primary strength of the BPS model is the effort to investigate the multilevel
interactions that contribute to health and illness. This includes genetic susceptibility, harmful
biological exposures, childhood and adolescent experiences, SES, personality, acute and chronic
stressors, lifestyle behaviors, social networks, and their combined effects on physiological
functioning [441]. The BPS provided the groundwork for the intersystem communication among
the neural, immune, and endocrine systems in the context of psychopathology and related
outcomes. The BPS framework has been referred to as a “revolution” bridging science and
humanism, while recognizing that medicine has been slow to incorporate psychosocial

components such as emotions, family, and community contexts [442]. Thus, BPS can be viewed
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as an integrative approach concerned with the intersection of disciplines, which is a primary
strength but also limiting in its implementation.

One criticism of BPS models in health psychology is the failure to incorporate culture,
which informs and influences all aspects of the model [443]. Viewing the BPS model as a
dynamic (rather than hierarchical) system would permit broader patterns of shared culture,
norms, policies, and values [444]. Others have argued that better collaboration with neuroscience
is essential to understanding causal chains by which social circumstances and psychological
processes link to disease through specific neurobiological mechanisms [445]. Others criticize the
BPS model for being epistemologically naive with respect to the way research into illness,
disability, and wellbeing is conducted [446]. For example, critical explorations about
professional power and status are needed in the context of capitalistic sub-systems that reinforce
them [446]. Such arguments are posed by the social determinants of health framework (see
section 2.4), which are underrepresented in BPS models, as well as in medical training.

The most common criticism of the BPS model is on the issue of mental health.
Surprisingly, psychiatry is the only branch of medicine lacking a well-formulated theoretical
basis with logically derived models with true predictive power [447]. Unfortunately, psychiatry
often ignores social determinants such as migration, poverty, illiteracy, and inequitable
distribution of resources [448]. Although the BPS provides a holistic approach to the
conceptualization of psychiatric illness and has theoretical potential in clinical science, it fails to
translate into measurable clinical outcomes [449]. It is likely that Engel did not intend for it to be
a clinical decision-making model, but rather a starting point for further development. While a
BPS model may be one way to form a rounded, multidimensional view of mental disorders, the

downside is that the levels proposed by Engel make it hard to envision specifically how the
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unique systems interact. Despite criticisms, the potential for complex, multifactorial top-down
and bottom-up directions of influence are important for psychiatry [450], as well as for the
comprehensive conceptualization of the dissertation studies.

While it is common knowledge that both illness and health results from interactions
between biological, psychological, and social factors, true integration has not been achieved
[451]. Recently, an updated theoretical model called the BPS pathways has been proposed [452].
This breaks down the model into testable pathways that can assess subjective well-being as well
as objective health outcomes, with the goal of advancing the field of personalized medicine.

Importantly, subjective psychological experiences are particularly relevant for
understanding individual differences in response to various exposures [453]. ELA is one
example of how subjective interpretation (of its meaning and impact) can especially matter for
mental health outcomes [34]. Despite its shortcomings, the importance of biological pathways in
the trajectory from ELA to adult mental health necessitate application of the BPS model. For
example, childhood adversity can alter immune function which can in turn impact brain
development, with implications for the formation of prosocial bonds as well as risky health
behaviors, that all impact mental health outcomes [214,241]. Meanwhile, additional theories that
focus explicitly on social factors are also required.

2.4 Fundamental Cause Theory

The Fundamental Cause Theory (FCT) [454] has been recognized as one of the leading
theories in the social determinants of health [455]. FCT contends that public health initiatives
focusing on specific diseases are futile if fundamental causes such as SES are still at play. Link
and Phelan (1995) argue that exposures and risk factors commonly identified in medical and

epidemiological research need to be contextualized into people’s life circumstances. The FCT
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focuses on why people are exposed to risk in the first place, de-emphasizing mediators identified
in causal pathways because intervention strategies become the new and exciting “next step” and
thereby neglect the importance of social factors. Such consequences can be unintended, for
example, when an original interest in studying social support as a moderator of stress becomes
overshadowed by higher impact research focusing on the biological consequences of stress
[454]. Social placement and structural forces are viewed as mechanism-generating and should
receive more attention by researchers and advocates for social change. FCT does not ignore
mechanisms but rather aims to identify their origins.

There are four key components to the FCT which are required to define a fundamental
cause: 1) Affects Multiple Disease Outcomes. The identified cause is nonspecific and therefore
not limited to one or a few health problems. For example, low SES has been linked to mortality
through a wide range of causes, which have been explained through health-damaging behaviors
[456] as well as cumulative risk [457]. 2) Affects Disease Outcomes Through Multiple
Mechanisms. There will be several pathways by which a fundamental cause can translate into
disease over the lifespan. For example, low SES has been associated with increased allostatic
load [458—-460]. Meanwhile, other mechanisms such as living in less socially cohesive
neighborhoods could similarly be used to explain the pathway between low SES and poor health
[461,462]. 3) Associations Will Reemerge Even When Intervening Mechanisms Change. Simply
tracing the mechanisms that link fundamental social causes to disease will not fully capture the
underlying associations to SES. Basic social conditions (e.g., low SES including low levels of
education) will reproduce various mediating mechanisms, therefore efforts to elucidate pathways
can be misleading by failing to recognize the importance of the underlying conditions needing to

be explained [454]. Furthermore, higher SES groups will be better positioned to take advantage
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of new knowledge, innovations, and technology. 4) Embodies Access to Resources. This
component considers how limited access to resources and different forms of deprivation harm
health, but also how access to resources can be used to minimize risk and address the
consequences of disease once it occurs. The deliberate use of flexible resources such as money,
power, knowledge, prestige, and beneficial social conditions is essential in maintaining the
enduring association between SES and mortality [463]. Applying the conditions of FCT to the
ELA construct, it is proposed here that ELA meets all four criteria:

Affects Multiple Disease Outcomes. ACEs increase the risk for SUD, depression, suicide,
smoking, risky sexual behavior, and severe obesity, even among socially advantaged groups [3].
Noteworthy findings that childhood trauma increases the risk of suicide have recently been
replicated [273]. Multiple ACEs are a major risk factor for a wide range of health conditions [5]
that drive the recent decrease in life expectancy, particularly since 2014 [464]. This has been
attributed to increased mortality from drug overdoses, suicides, and organ system diseases
among young and middle-aged adults from all racial/ethnic groups. Pathways to embodiment are
likely to be moderated by vulnerability factors and certainly confounded by social factors, which
further contextualize risk, consistent with “multiple causation” [465].

Affects Disease Outcomes Through Multiple Mechanisms. ACE data combines
epidemiological and neurobiological evidence, where functional alterations in the brain affect
psychological and psychosocial mechanisms known to contribute to a wide range of mental
disorders [466]. The damaging effect of ACEs is nonspecific. This nonspecific risk pattern may
increase vulnerability to numerous psychiatric disorders, which frequently cluster and co-occur
with ELA. Perhaps the most convincing pathway is through illicit drug use. For example, among

adolescents, exposure to any potentially traumatic event before age eleven years nearly tripled
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the risk of cocaine use [148]. Any alterations in the reward system are likely to interfere with
one’s ability to goal-direct their decision-making behavior.

Associations Will Reemerge Even When Intervening Mechanisms Change. Epigenetic
changes associated with childhood trauma create widespread associations with
neurodevelopment [467] (section 1.5.3), including changes in the mesolimbic dopaminergic
circuit (section 1.5.5), which predict overall poor self-regulation and impulsive behavior [134].
To illustrate, an fMRI study showed that ELA predicts subjective responses to reward-related
cues as well as a weaker response in brain regions implicated in learning and motivation [468].
Alterations in the mesolimbic reward circuitry can interfere with an individual’s ability to recruit
executive functioning processes [156]. Not discounting the importance of contextual and
structural factors, human behavior is largely influenced by individual capacity for reasoning and
decision-making, which is negatively impacted by ELA. For example, an individual predisposed
to addiction-like behaviors who dodges dependence on alcohol or drugs may develop a “food
addiction” leading to obesity [469—471], or gambling [472], or risky sexual behavior [473].

DNA methylation is only one plausible mechanism through which ELA becomes
embedded [269], but may predict the reproduction of health problems (see section 1.5.3). Other
molecular mechanisms include disrupted central neural networks, neuroendocrine stress
dysregulation, and chronic inflammation, as reviewed throughout Chapter One. With multiple
mechanisms of embodiment, associations to mental disorders are reproducible, and there is
limited evidence to suggest that protective factors (e.g., resilience) are transportable across all
domains of ELA. New treatment innovations (e.g., eye-movement desensitization and
reprocessing) are likely to benefit only those with access (e.g., knowledge, health insurance) to

such resources, leaving those with ELA from low SES with less resilience resources.
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Embodies Access to Resources. While a rise in SES from childhood to adulthood should
have a protective effect on health outcomes, ELA may be a special case. ACEs impact resilience
[323] (see section 1.6). Impairment by ACE disrupts and inhibits access to social, psychological,
and emotional resources across the lifespan. For example, juvenile offenders with higher ACE
scores were more likely to have early onset of offenses and recidivism [474]. Not surprisingly,
adults with documented histories of child abuse and/or neglect have lower levels of education,
employment, earnings, and fewer assets [50]. The experience of child abuse by parents has been
associated with fewer adult social resources (low family support, high family strain, and personal
control) and lifestyle risks (i.e., smoking, obesity) [475]. In line with the concept of cumulative
disadvantage described in the LCP, low childhood SES coupled with frequent abuse by parents
lead to fewer adult resources [475].

In summary, ELA meets all the established criteria for a fundamental cause of mental
health disparities, an argument that has not been previously proposed. The FCT in conjunction
with the LCP and the BPS model provides sufficient theoretical basis for the various components

of the integrated conceptual model, which is described next.
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2.5 Integrated Conceptual Model

Figure 2.1: Elaboration Model Linking Early Life Adversity to Mental Health Outcomes

Socioeconomic Resilience
Status: Factors:
Education Social Support

Income Sleep Quality

Vulnerability

Factors:
Social/Environmental
Familial/Psychological
Biological/Genetic

Mental Health:
Drug Use
Depression
Anxiety

Embodiment:
Biological Embedding
Pathways

Early Life

Adversity:
Adverse Childhood
Experiences (ACEs)

Unmeasured Measured

No single theory can fully explain the complexity of pathways that give rise to the mental
health inequalities described herein. Neither biological, psychological, or social theories by
themselves provide adequate frames for understanding human developmental processes. Rather,
development is a concept that pertains to the property of an ecosystem [476,477]. Childhood
adversity is an example of a public health problem that requires “systems thinking” by
considering social, environmental, familial, psychological, and biological/genetic factors, then

moving on to the mechanisms, and finally synthesizing into a comprehensive model.
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The purple boxes represent factors not measured in the current study, whereas blue boxes
represent constructs in the dataset. The purple box on the left “Vulnerability Factors” represents
antecedents of ACEs via parental factors, utilizing a generational life course model. While ACEs
themselves can be considered a vulnerability factor, there are important antecedents that link
biological sensitivity to context, as suggested by the FCT. Findings reviewed herein highlight the
importance of childhood determinants of mental health outcomes via parental adversity, which
may also be due to biological/genetic predispositions as well as potential interactions between
genes and environment, as suggested by the BPS model. A more comprehensive understanding
of parents’ childhood experiences is needed to inform prevention of ACEs in their children
[478]. Other important antecedents include living in a dysfunctional environment, including
unfortunate neighborhood and community circumstances, consistent with the social production
of disease [465]. Neighborhood factors should not be ignored in ACE frameworks that attempt to
identify streams of causation, requiring multilevel modeling approaches (albeit not conducted in
this study due to data limitations).

Using a social determinants of health framework, ACEs can be viewed as consequence to
upstream vulnerability factors that are structural in nature and can also be viewed as a
psychosocial risk factor operating independently of other social risk factors. Even when families
provide safety at home, children can experience adversity outside the home. Thus, both low SES
and ACEs are viewed as fundamental causes of mental health inequality over the lifespan.
Literature differentiating between the impact of low SES and ACEs has led to the conclusion that
both can contribute to poor mental health, but those outcomes are worse when combined. This is
consistent with the LCP concept of cumulative disadvantage and inequality [433,434]. Given that

low SES is not necessarily an antecedent of all forms of adversity, these constructs are
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conceptualized on the same “level” with bidirectional interactions. Both have been independently
linked to embodiment through biological embedding pathways. Embodiment of childhood
adversity disrupts physiology (subject to differential susceptibility) by cumulative disadvantage
that reverberates across life course processes, thereby creating the novel argument that ACEs can
be viewed as a fundamental cause of mental health inequalities.

Arrows between SES and ACEs are bidirectional, acknowledging that ACEs are more
common in low SES groups and that ACEs can impact educational attainment, thereby
influencing income. Importantly, ACEs are measured in the first 18 years of life when people are
less likely to generate income, therefore lower income could even be seen as consequential to
ACE:s in the context of life course processes. The integrated conceptual model highlights the
importance of ACEs as a primary predictor of poor mental health outcomes. Meanwhile, it will
be important to consider contributions from all potential drivers, therefore interpretation of any
findings will be made in the light of the range of theories invoked herein.

Clearly, there are multiple mechanisms by which ACEs can impact mental wellbeing.
One pathway is through imprint on multiple body systems, including proinflammatory cascades,
the HPA axis, epigenetic modification, and structural, functional, and morphological brain
changes, including impaired reward sensitivity. Such constructs are not measured in the current
study but have been identified as important pathways linking ACEs to mental health. The BPS
model emphasizes biological embedding at the individual level, contextualized among other
forms of psychosocial risk. Furthermore, ACEs have been shown to decrease resilience factors.
This may be linked to ACEs biological consequences (i.e., the BPS model) or other contextually

situated factors (i.e., FCT), and certainly both (i.e., the LCP).
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The primary theory driving the elaboration model is the LCP, given that adult mental
health outcomes will be investigated as consequence to childhood adversity. Specifically, a
pathway model will examine “chains of risk” by considering the moderating effect of various
resilience factors. Meanwhile, the integrated conceptual model oversimplifies the dynamic and
interactive picture of ELA. However, simplifications are required to add a feasible quantitative
approach to the theoretical underpinnings driving the research questions. Specific resilience
factors under investigation have been reviewed throughout Chapter One and will be explained in
the next chapter outlining each study. Concepts of resilience will be viewed from a life course

trajectory perspective.
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3 CHAPTER THREE: RESEARCH AIMS & HYPOTHESES

This chapter provides an overview of the three dissertation studies, including the aims,
research questions, and hypotheses. The purpose of these studies is to investigate the link
between ACE scores and potential life course processes that generate mental health inequalities
among mostly Black and Latino low-income MSM in Los Angeles, California. Mental health
outcomes include drug use (which may be considered a proxy for SUD and a correlate of other
mental health disorders but is a behavioral rather than mental health outcome), depressive
symptoms, and anxiety symptoms. While links between ACEs and these mental health outcomes
have been previously described, they have not been adequately described among MSM.
Furthermore, no mental health research on MSM has investigated the moderating effects of
social support and sleep quality as potential resilience factors following ACEs.

Primary Research Question: Does exposure to ACEs, as recalled from the first 18 years of life,
predict poor mental health outcomes among MSM in adulthood, after adjusting for a wide range
of sociodemographic and behavioral factors?

The primary question is explored in three separate studies, based on a Life Course
Perspective. Each study examines the cumulative ACE score, as well as use a dimensional
approach (separating ACEs into categories of childhood maltreatment and household
dysfunction), and a selective approach (which considers the impact of individual ACEs). The
category of childhood maltreatment is investigated in each of the studies because it has been
shown to be associated with worse mental health outcomes than household dysfunction
[35,80,89,119]. All three studies investigate whether resilience factors buffer the hypothesized
associations between ACEs and mental health through effect measure modification (i.e.,

moderation).
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3.1 Study One
Study One: Does the Association Between ACEs and Self-Reported Drug Use Differ by
Perceived Social Support?
Study Aim: To investigate the association between ACEs and self-reported drug use during the
past six months, and whether this is moderated by perceived social support. This study uses data
collected in the mSTUDY since cohort conception in August 2014. To address this aim, several
research questions were investigated:
Research Question 1.1: Does the cumulative ACE score predict self-reported drug use during
the past six months, after adjusting for a range of sociodemographic and behavioral factors?
Factors include race/ethnicity, age, income, education, BMI, depressive symptoms, alcohol use,
cigarette/vape use, and HIV status. Covariates are defined and described in Chapter Four.
Research Question 1.2: Does the association between cumulative ACE score and drug use
differ by social support, after adjusting for a range of sociodemographic and behavioral factors?
Research Question 1.3: Does the ACE category of childhood maltreatment (emotional abuse,
physical abuse, sexual abuse, emotional neglect, physical neglect) associate with drug use more
so than the category of household dysfunction (parental separation or divorce, mother treated
violently, household substance abuse, household mental illness, and incarcerated household
member) after adjusting for a range of sociodemographic and behavioral factors?

Research Sub-Question 1.3.1: Does the association between childhood maltreatment
and drug use differ by social support, after adjusting for a range of sociodemographic and

behavioral factors?
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Research Question 1.4: Does a history of household substance abuse (single ACE, part of the
household dysfunction category) predict drug use, after adjusting for a range of
sociodemographic and behavioral factors?

This question is motivated by the concept of parental adversity as a vulnerability factor,
reviewed in section 1.4.1. There is evidence that parental substance use can be traumatic for
children and heighten the risk of drug use in adolescence and young adulthood [479].

Research Sub-Question 1.4.1: Does the association between history of household
substance abuse and drug use differ by social support, after adjusting for a range of
sociodemographic and behavioral factors?

Research Question 1.5: Are any of the findings in this study changed after adjustment with a
time variable indicating COVID-19?

Research questions will be tested based on the following research hypotheses:
Hypothesis 1.1: The cumulative ACE score will have an independent association with self-
reported drug use, following a dose-response continuum.

Hypothesis 1.2: The association between the cumulative ACE score and drug use will be
attenuated in those who report a higher level of perceived social support.

Hypothesis 1.3: The ACE category of childhood maltreatment will have a stronger association
with drug use than the category of household dysfunction.

Hypothesis 1.3.1: The association between childhood maltreatment and drug use will be
attenuated in those who report a higher level of perceived social support.

Hypothesis 1.4: The single ACE of household substance abuse history will have an independent

association with drug use.
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Hypothesis 1.4.1: The association between household substance abuse history and drug
use will be attenuated in those who report a higher level of perceived social support.
Hypothesis 1.5: None of the findings from any of these hypotheses will differ after adjustment
for a time variable indicating COVID-19.
3.2 Study Two
Study Two: Does the Association Between ACEs and Depressive Symptoms Differ by Sleep
Quality?
Study Aim: To investigate the association between ACEs and self-reported depressive symptoms,
and whether this differs by sleep quality. This study was restricted to data collected from study
conception in August 2014 until March 13, 2020, when in-person visits were stopped due to
COVID-19. To address this aim, several research questions are investigated:
Research Question 2.1: Does the cumulative ACE score predict self-reported depressive
symptoms, after adjusting for a range of sociodemographic and behavioral factors? Factors
include race/ethnicity, age, income, education, BMI, drug use, alcohol use, cigarette/vape use,
and HIV status.
Research Question 2.2: Does the association between cumulative ACE score and depressive
symptoms differ by level of sleep quality, after adjusting for a range of sociodemographic and
behavioral factors?
Research Question 2.3: Does the ACE category of childhood maltreatment associate with
depressive symptoms more so than the category of household dysfunction, after adjusting for a

range of sociodemographic and behavioral factors?
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Research Sub-Question 2.3.1: Does the association between childhood maltreatment
and depressive symptoms differ by level of sleep quality, after adjusting for a range of
sociodemographic and behavioral factors?

Research Question 2.4: Does childhood sexual abuse (single ACE, part of the childhood
maltreatment category) predict depressive symptoms, after adjusting for a range of
sociodemographic and behavioral factors?

This research question is motivated by data that suggests childhood sexual abuse confers
additional (i.e., independent) specific risk for depression [184,185].

Research Sub-Question 2.4.1: Does the association between childhood sexual abuse and
depressive symptoms differ by level of sleep quality, after adjusting for a range of
sociodemographic and behavioral factors?

This research question is motivated by data that suggests childhood sexual abuse disturbs
sleep in adulthood [357,358].

Research questions will be tested based on the following research hypotheses:
Hypothesis 2.1: The cumulative ACE score will have an independent association with self-
reported depressive symptoms, following a dose-response continuum.

Hypothesis 2.2: The association between the cumulative ACE score and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

Hypothesis 2.3: The ACE category of childhood maltreatment will have a stronger association
with depressive symptoms than the category of household dysfunction.

Hypothesis 2.3.1: The association between childhood maltreatment and depressive

symptoms will be attenuated in those who report a higher level of sleep quality.
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Hypothesis 2.4: The single ACE of childhood sexual abuse will have an independent association
with depressive symptoms.

Hypothesis 2.4.1: The association between childhood sexual abuse and depressive
symptoms will be attenuated in those who report a higher level of sleep quality.
3.3 Study Three
Study Three: Does the Association Between ACEs and Anxiety Symptoms Differ by Sleep
Quality?
Study Aim: To investigate the association between ACEs and self-reported anxiety symptoms,
and whether this differs by sleep quality. This study was restricted to data collected from study
conception in August 2014 until March 13, 2020, when in-person visits were stopped due to
COVID-19. To address this aim, several research questions are investigated:
Research Question 3.1: Does the cumulative ACE score predict self-reported anxiety
symptoms, after adjusting for a range of sociodemographic and behavioral factors? Factors
include race/ethnicity, age, income, education, BMI, drug use, alcohol use, cigarette/vape use,
and HIV status.
Research Question 3.2: Does the association between cumulative ACE score and anxiety
symptoms differ by level of sleep quality, after adjusting for a range of sociodemographic and
behavioral factors?
Research Question 3.3: Does the ACE category of childhood maltreatment influence anxiety
symptoms more so than the category of household dysfunction, after adjusting for a range of

sociodemographic and behavioral factors?
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Research Sub-Question 3.3.1: Does the association between childhood maltreatment
and anxiety symptoms differ by level of sleep quality, after adjusting for a range of
sociodemographic and behavioral factors?

Research Question 3.4: Does emotional neglect (single ACE, part of the childhood
maltreatment category) predict anxiety symptoms, after adjusting for a range of
sociodemographic and behavioral factors?

This research question has not been previously explored in ACE research among MSM
and is motivated by psychological research which suggests individuals with insecure attachment
to their caregiver have higher anxiety [480].

Research Sub-Question 3.4.1: Does the association between emotional neglect and
anxiety symptoms differ by level of sleep quality, after adjusting for a range of
sociodemographic and behavioral factors?

Research questions will be tested based on the following research hypotheses:
Hypothesis 3.1: The cumulative ACE score will have an independent association with self-
reported anxiety symptoms, following a dose-response continuum.

Hypothesis 3.2: The association between the cumulative ACE score and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

Hypothesis 3.3: The ACE category of childhood maltreatment will have a stronger association
with anxiety symptoms than the category of household dysfunction.

Hypothesis 3.3.1: The association between childhood maltreatment and anxiety
symptoms will be attenuated in those who report higher levels of sleep quality.

Hypothesis 3.4: The single ACE of emotional neglect will have an independent association with

anxiety symptoms.
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Hypothesis 3.4.1: The association between emotional neglect and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.
3.4 Chapter Three Summary

All three studies are informed by the conceptual model in section 2.5 (Figure 2.1). To
summarize, cumulative ACEs (sum scores), the category of childhood maltreatment, and a single
ACE for each study are investigated as risk factors for mental health outcomes: drug use,
depressive symptoms, and anxiety symptoms. Each study adjusts for SES indicators (i.e.,
education and income) as well as other relevant factors: race/ethnicity, age, BMI, alcohol use,
cigarette/vape use, and HIV status. Study One (drug use) additionally adjusts for depressive
symptoms, and Studies Two (depressive symptoms) and Three (anxiety symptoms) adjust for
drug use. All three studies investigate whether potential resilience factors (perceived social
support for Study One and sleep quality for Studies Two and Three) buffer the observed
associations. In Chapter Four, the data source, study sample, statistical methods, and

measurement instruments used are introduced and described.
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4 CHAPTER FOUR: METHODS

This chapter describes the data and study sample, as well as the statistical methods for
testing hypotheses described in Chapter Three. A detailed summary of how each variable is
measured is included before each study is described. After the instruments are described, the
timeline for variable collection is displayed. Techniques that were employed to create a full
dataset of overlapping variables for statistical analysis are described in section 4.3.
4.1 Data Source and Study Sample

Data for the present study comes from the mSTUDY (Men Who Have Sex with Men and
Substance Use Cohort at UCLA Linking Infections, Noting Effects [MASCULINE]) an ongoing
National Institute on Drug Abuse (NIDA) sponsored longitudinal study of HIV-positive and
HIV-negative MSM with varied substance use behaviors (NIDA project UO1 DA036267). The
mSTUDY was approved by the University of California, Los Angeles (UCLA) Institutional
Review Board (IRB) and all individuals provided written informed consent at study entry.
Because the current studies use data from a previously approved study, UCLA IRB determined
this research exempt.

Eligible participants were assigned male sex at birth, English-speaking, ages 18-45; if
HIV-, reported having sex with men in the past twelve months, and were recruited from two
community clinics in Los Angeles, CA (The Los Angeles LGBT Center and the UCLA Vine
Street Clinic). Sample recruitment occurs through these sites where staff determine if an
individual qualifies and is interested in participating. Participants are remunerated for study
participation ($75 per study visit), as well as get access to free and confidential STI testing every
six months, HIV risk-reduction counseling, testing and referral for care (if needed) including

referrals to SUD treatment (if desired). By design, half of the sample is HIV+, and the other half
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HIV-. The mSTUDY investigates questions related to sexual health among Black and Latino
MSM and is designed to ascertain information about (and improve prevention and treatment) of
HIV and other STIs. Study enrollment began in August 2014 and is ongoing.

Participants complete assessments every six months, including a comprehensive physical
exam and medical history, urine drug panel, clinical laboratory tests, and computer-assisted
detailed behavioral questionnaire. Physical exams and urine drug tests have not occurred during
remote visits since March 31, 2020. The current studies used data from study conception (August
2014) until October 8, 2021. ACE questions were added to the battery of behavioral data
collected as part of the computer-assisted self-interviews on December 15, 2020, during remote
(online) visitation. More specifics on data restriction by time ranges (before and during COVID-
19) will be described in each study.

4.2 Measurement Summary

Adverse Childhood Experiences (Key Independent Variable). The ACE measure is a ten-
question instrument that was originally introduced in a large managed care population at Kaiser
San Diego [3]. As mentioned previously, this sample was not representative (data linking ACEs
with MSM including MSM of color are reviewed in section 1.7).

Yes/no questions investigate the presence of childhood maltreatment (emotional abuse,
physical abuse, sexual abuse, emotional neglect, physical neglect) and household dysfunction
(parental separation or divorce, mother treated violently, household substance abuse, household
mental illness, and incarcerated household member) experienced during the first 18 years of life.
The most common cut-point is four or more ACEs, compared to the reference group of none [3].

Other authors use other cut-points for various statistical and substantive reasons [15,85,86].
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Cumulative scoring frequently emerges regardless of specific ACEs, as well as analysis
along a dose-response continuum [87]. Cumulative scoring challenges assumptions about what is
a more severe traumatic event. Data suggests that pathways to poor health differ by types of
ACESs, with child physical, emotional, and sexual abuse being the worst [89]. Focusing on the
specific categories of ACEs have been referred to as the dimensional approach, compared to the
cumulative and selective (single ACE) approaches. While it has been shown that MSM of color
experience a higher number of ACEs than the general population [388], investigations into
different ACE cut-points among this population have not been conducted. In the current studies,
the cumulative, dimensional, and selective approaches are all used in statistical models.

Because ACE collection began on December 15, 2020, ACE scores will be used
retrospectively (based on participant ID) to conduct analysis for pre-COVID-19. This is a sound
methodological approach because ACE scores are recall measures from experiences during the
first 18 years of life, therefore can be assumed to be stable over time and transportable along
participant ID. The original ACE questionnaire can be found in Appendix A.

Drug Use (Study One Dependent Variable). While SUD diagnoses are not in the
mSTUDY dataset, there are data on self-reported drug use as well as urine drug screens.
However, transition to remote visits put a hold on urine testing on March 13, 2020. There are
questions about drug use in the past six months that have been collected since study conception.
These questions have been adapted from the NIDA Quick Screen

(https://archives.drugabuse.gov/publications/resource-guide-screening-drug-use-in-general-

medical-settings/nida-quick-screen) which investigate the frequency of drug use across several

categories of substances including methamphetamine, ecstasy, cocaine/crack, heroin/fentanyl,

party drugs (GHB, special K, mushrooms, LSD/acid), other drugs (bath salts, PCP), and
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marijuana. Participants were asked how frequently they used each substance during the past six
months: daily, weekly, monthly, less often, once, or never. In the current analyses, each
substance was dichotomized into any versus never, and a composite variable of all drugs
indicates self-reported use of any drugs in the past six months. This variable was explored with
and without the usage of marijuana, given that it is now legal in the state of California. Final
analysis excludes self-reported use of marijuana.

For drug use data during time periods prior to COVID-19 (for use as a covariate in
Studies Two and Three), prior data on urine drug screens were used. Urine drug screen (Fastect®
II Drug Screen Dipstick Test D, Brenan Medical Corporation, Irvine, CA) was used to identify
recent use of any of the following: methamphetamine, opiates, cocaine, ecstasy, marijuana,
amphetamines, and fentanyl (all drugs were tested using separate drug screen tests). A single
indicator variable (i.e., yes/no for any positive on any drug test) is used for Studies Two and
Three when drug use is examined as a covariate (rather than an outcome). Drug use variables
will not be transported across time for any analyses.

Depressive Symptoms (Study Two Dependent Variable). Depressive symptoms are
measured using the CESD, a 20-item validated screening measure for depressive symptoms in
the general population [179]. Scores range from 0-60, with responses indicating frequency within
the last week: rarely or none of the time (less than one day) (0), some or a little of the time (1-2
days) (1), occasionally or a moderate amount of time (3-4 days) (2), or most or all the time (5-7
days) (3). Example questions include: “I was bothered by things that usually don’t bother me”
and “I thought my life had been a failure” with reverse scoring for positive questions such as “I
felt hopeful about the future” and “I enjoyed life.” In the validation study of the general

population, Cronbach’s alpha was 0.85, indicating high internal consistency [179]. The standard
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cut-point for “likely depressed” is 16, however the cut-point of <23/23+ is used to classify
clinically meaningful symptoms linked with likely diagnosis of depressive disorder [481], which
is used in the current studies. The CESD has previously been used in studies of MSM [409]
including MSM of color [417]. The CESD questionnaire is in Appendix B.

Anxiety (Study Three Dependent Variable). Anxiety symptoms are operationalized using
the GAD-7, a validated 7-item tool for screening for generalized anxiety disorder (GAD) and
assessing its severity [482]. The instrument asks about symptoms in the last two weeks, with
questions such as: not being able to stop or control worrying; or feeling afraid as if something
awful might happen. Scoring is based on not at all (0), several days (1), more than half the days
(2), and nearly every day (3). The sum score ranges from 0-21, with 0-4 indicating minimal
anxiety, 5-9 mild anxiety, 10-14 moderate anxiety, and 15-21 severe anxiety. These categories
are used for ordinal logistic regression, as well as the dichotomized measure (for logistic
regression) which classifies those with scores 0-9 as low anxiety and 10-21 as high
(sensitivity=89% and specificity=82% from the validation study of a primary care sample across
twelve US states) [482]. The GAD-7 has been used in studies of MSM [411]. The GAD-7
questionnaire can be found in Appendix C, where the operational characteristics of the GAD-7 at
different cut-points are also reported. The proportional odds assumption required for ordinal
logistic regression is discussed in section 4.5.

Perceived Social Support (Study One Moderator). Social support is operationalized using
the Multidimensional Scale of Perceived Social Support (MSPSS), which is a 12-item
psychometrically sound instrument validated in 1988 [483]. A seven-point Likert-type rating
scale ranges from very strongly disagree (1) to very strongly agree (7). Questions include: 1)

There is a special person who is around when I am in need, 2) There is a special person with
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whom I can share my joys and sorrows, 3) My family really tries to help me, 4) I get the
emotional help and support I need from my family, 5) I have a special person who is a real
source of comfort to me, 6) My friends really try to help me, 7) I can count on my friends when
things go wrong, 8) I can talk about my problems with my family, 9) I have friends with whom I
can share my joys and sorrows, 10) There is a special person in my life who cares about my
feelings, 11) My family is willing to help me make decisions, and 12) I can talk about my
problems with my friends. In the original study of university undergraduates, Cronbach’s alpha
was 0.88, indicating good internal consistency for the measure [483]. The score is dichotomized
for use in moderation analysis. Because there is no universally accepted cut-point for MSPSS (it
varies based on the sample), a cut-point was established based on the data (i.e., the median). This
data was collected starting on August 31, 2020, during COVID-19, however, was transported
retrospectively (based on a strong assumption) for analysis pre-COVID-19, which will be
discussed as a limitation. The MSPSS has been used in studies of MSM [484]. The MSPSS
questionnaire can be found in Appendix D.

Sleep Quality (Study Two and Three Moderator). Sleep quality is measured using the
Pittsburgh Sleep Quality Index (PSQI) [485]. This self-reported questionnaire assesses sleep
quality and disturbances over the course of one month. Nineteen self-rated questions are
combined to form seven component scores, each of which ranges from zero to three points. A
score of zero indicates no difficulty, while a score of three indicates severe difficulty. The seven
components are: 1) subjective sleep quality, 2) sleep latency, 3) sleep duration, 4) habitual sleep
efficiency, 5) sleep disturbances, 6) use of sleeping medication, and 7) daytime dysfunction. The
seven component scores are then added to yield one global score, with a range of 0-21 points,

zero indicating no difficulty and 21 indicating severe difficulties in all areas. In the validation
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study, a global score above five yielded a diagnostic sensitivity of 89.6% and specificity of
86.5% for identifying cases with a sleep disorder [485]. Thus, six (and above) is used as the cut-
point for moderation analyses, with lower levels of sleep quality as the reference group. The
PSQI has been used in studies of MSM [486]. The PSQI questionnaire is found in Appendix E.

Race/Ethnicity (Covariate). Race/Ethnicity is categorized as Black, White, Other Race
(reference), Hispanic/Latino. Other Race includes categories: American Indian or Alaskan
Native, Asian, Asian Indian, Native Hawaiian Pacific Islander, which was collapsed due to small
sample size (and prior experience with the dataset). Race/ethnicity is included as a covariate
because it has been shown to vary by ACEs [116], drug use [487], depressive symptoms [488],
and anxiety [489]. This variable was accessed retrospectively for analysis (Study One) after
collection was halted (due to remote visits) and is assumed to be stable over time.

Age (Covariate). Age is measured as a continuous variable but will be categorized as 18-
29, 30-39, 40-52 years. The youngest group (18-29 years) is the reference group for analyses.
Age is included as a covariate because it has been shown to vary by ACEs [490], with the
prevalence of ACEs often declining with increasing age [491]. Age also varies by drug use
[492], depressive symptoms [493], and anxiety [494]. This variable is accessed retrospectively
for analysis (Study One) after collection was halted (due to remote visits).

Income (Covariate). Income data was collected in ranges of $10,000, with the highest
category being $70,000 and above. For the current analysis, income was collapsed into the
categories: $0-19,999, $20,000-39,999, $40,000+ (reference). Income is included as a covariate
because it has been shown to vary by ACEs [14], as well as drug use [495], depressive symptoms

[172], and anxiety [496].
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Education (Covariate). Education data is collected as a continuous variable reflecting the
total number of years spent in school. Assumptions were made to categorize education as: did
not finish high school (0-11 years), high school (12 years), some college (13-15 years), college
grad+ (16 years) (reference). Education is included as a covariate because it has been shown to
vary by ACEs [84], as well as drug use [497], depressive symptoms [172], and anxiety [498].
This variable was accessed retrospectively for analysis (Study One) after collection was halted
(due to remote visits) and is assumed to be stable over time.

Body Mass Index (BMI) (Covariate). Height and weight are measured at each visit (by
trained clinical staff using anthropometric equipment that is calibrated annually) to calculate
BMI and will be categorized using the standard US definition: underweight (below 18.5), normal
weight (18.5-24.99) (reference), overweight (25-29.99), and obese (30 and above). One
implausible BMI (=10) was recoded to missing. BMI is included as a covariate because it has
been shown to vary by ACEs [470], as well as drug use [499], depressive symptoms [500], and
anxiety [501]. This variable will be accessed retrospectively for analysis (Study One) after
collection was halted (due to remote visits) and is assumed to be stable over time. Meanwhile,
since BMI can vary over time [502], this will be mentioned as a limitation.

Alcohol Use (Covariate). Alcohol use is collected using the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) recommended alcohol questions

(https://www.niaaa.nih.gov/research/guidelines-and-resources/recommended-alcohol-questions).

Among the three questions used in mSTUDY, a single question was used to covary alcohol use
in analysis: in the past six months, how often did you have a drink containing alcohol? Answers
include never; monthly or less; 2-4 times per month; 2-3 times per week; 4 or more times per

week. Because “never” can include those with a history of AUD who are currently abstinent, it
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may be flawed as a reference group. Thus, never, and monthly or less were collapsed to provide
an adequate reference group. Alcohol use is included as a covariate because it has been shown to
vary by ACEs [139], as well as drug use [503], depressive symptoms [166], and anxiety [504].

Cigarette/Vape Use (Covariate). An indicator variable was created if the participant
reports current use of cigarette or e-cig/vape (combined into a single variable). Nicotine use is
included as a covariate because it has been shown to vary by ACEs [505], as well as drug use
[506], depressive symptoms [507], and anxiety [508].

HIV Status (Covariate). HIV status is measured using seropositive status from laboratory
blood tests. HIV status is included as a covariate because it has been shown to vary by ACEs
[397], as well as drug use [509], depressive symptoms [417], and anxiety [410]. This variable
was accessed retrospectively for analysis (Study One) after collection was halted (due to remote
visits) and is assumed to be stable over time. Meanwhile, since HIV status can change from
negative to positive (particularly in this at-risk sample), this will be mentioned as a limitation.

COVID-19 (Covariate). An indicator for COVID-19 time was created for Study One
where some data was collected during COVID-19 by remote visitation. This adjustment attempts
to account for potential differences in data collected during versus prior to the pandemic.

Remote visits (online questionnaires only) due to COVID-19 began on March 31, 2020,
at which point several new study variables were added, and some were removed (see Figure 4.1
and 4.2 below). Figure 4.1 displays the timeline that different variables were introduced, as well
as stopped, during the data collection process. Time periods are not represented to scale. The
purple bar in the bottom right corner represents the COVID-19 pandemic (separating the

timelines used in Studies Two and Three).
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Figure 4.1: Timeline of Variable Collection in the mSTUDY Cohort (August 2014-Present)

Variable 20-Aug-14 22-Jun-18 25-Mar-19 13-Mar-20 31-Mar-20 27-Aug-20 31-Aug-20 1-Dec-20 7-Dec-20 15-Dec-20 8-Oct-21
BMI

Drug Test
Education
Ethnicity

Age

HIV

Income
Cig/Vape
Alcohol

Drug Use 6 mos.
Depression CESD
Sleep

Anxiety

Social Support
ACE

COVID-19 PANDEMIC (SWITCHED TO REMOTE DATA COLLECTION)

After applying data management techniques (discussed below in section 4.3) and making
some assumptions (discussed above under the description of each variable) about the stability of
some covariates over time, availability of the data became as shown in Figure 4.2.

Figure 4.2: Availability of Variables in the mSTUDY Cohort After Data Adjustments

Using Statistical Software (August 2014-Present)

Variable 20-Aug-14 22-Jun-18 25-Mar-19 13-Mar-20 31-Mar-20 27-Aug-20 31-Aug-20 1-Dec-20 7-Dec-20 15-Dec-20
BMI

Drug Test
Education
Ethnicity

Age

HIV

Income
Cig/Vape
Alcohol

Drug Use 6 mos.
Depression CESD
Sleep

Anxiety

Social Support
ACE

COVID-19 PANDEMIC (SWITCHED TO REMOTE DATA COLLECTION)

Table 4.1 summarizes the use of each variable across all three studies.
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Table 4.1: Summary of Variable Application Across all Three Dissertation Studies

Variable Study 1 Study 2 Study 3
ACE Predictor Predictor Predictor
Drug Use Outcome Covariate™ Covariate™
CESD Covariate Outcome ok

GAD-7 ko ok ko ok Outcome
MSPSS Moderator Hk kK Hk kK
PSQI oAk Moderator Moderator
Race/Ethnicity Covariate Covariate Covariate
Age Covariate Covariate Covariate
Income Covariate Covariate Covariate
Education Covariate Covariate Covariate
BMI Covariate Covariate Covariate
Alcohol Use Covariate Covariate Covariate
Cig/Vape Use Covariate Covariate Covariate
HIV Status Covariate Covariate Covariate
COVID-19 Covariate Hk kK Hk kK

*using urine drug test when available (Studies 2 and 3) and self-report for Study 1

**not used due to a known strong correlation with anxiety symptoms
***not used due to a known strong correlation with depressive symptoms (and time collected)

****not used because collected during COVID-19 therefore only relevant to Study 1

*xE**not used because analyzed pre-COVID-19 which is only relevant to Studies 2 and 3
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4.3 Study One: Does the Association Between ACEs and Self-Reported Drug Use Differ by
Perceived Social Support?

Figure 4.3: Study One Conceptual Model

Social Support

Adverse
Childhood —' Drug Use

Experiences

COVARIATES:
Race/Ethnicity
Age
Income
Education
BMI
Depressive Symptoms
Alcohol Use

Cig/Vape Use
HIV Status

First, descriptive univariate analysis of ACEs was conducted using a histogram and
measures of central tendency and dispersion (i.e., mean and standard deviation). Sample
characteristics were ascertained at the first visit where ACE data was collected (i.e., index visit
for this analysis). If covariates were not collected at the same time as ACEs (remote visits), the
most recent variable was accessed using Stata version 17 [510] carryforward command, after

declaring the data as time-series (using tssef). As mentioned, this required some assumptions.
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After using the carryforward command to retrieve covariates that were not collected
during the remote visits, both the ACE measure and MSPSS measure were transported
retrospectively along participant ID to ascertain a full dataset (of overlapping variables) since
study conception. Multilevel commands using participant ID were used for mixed effects in
random intercept models, where time (level one) is nested in person (level two).

Frequency measures were examined after dichotomizing ACEs at various cut-points, and
the best cut-point (<6/6+) was determined based on the data (visual inspection of the marginal
predicted means of the outcome drug use at each level of ACE, described further in section 5.3).
Bivariate analysis examined the crude relationship between ACEs and the drug use indicator, and
covariates were then added into the model one at a time. This permits investigation of the impact
of each additional covariate on the focal relationship. Information criteria (AIC/BIC) were used
to assess final model selection however, inclusion of covariates was determined a priori and was
prioritized over model fit based on current data. Finally, perceived social support was tested as a
moderator using an indicator variable dichotomized at the median (described in section 4.2), both
on the bivariate association between ACEs and drug use, as well as in the fully adjusted model.

Significance levels were set to a=0.05, and all confidence intervals are reported at 95%.
All analyses were conducted using Stata version 17 [510].

Hypothesis 1.1: The cumulative ACE score will have an independent association with self-
reported drug use, following a dose-response continuum.

This hypothesis was first tested using the continuous ACE score (as a categorical variable
at each level of ACE) and the drug use indicator variable in mixed-effects logistic regression,
adjusting for covariates. Stata’s post-estimation commands margins and marginsplot were used

to retrieve and visualize predicted probabilities to assess the presence of a dose-response
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relationship. Once the best cut-point was determined from visual inspection of the margins plot
(<6/6+), the full mixed-effects logistic model including the entire set of covariates was tested.
Hypothesis 1.2: The association between the cumulative ACE score and drug use will be
attenuated in those who report a higher level of perceived social support.

This hypothesis was tested using the dichotomized ACE score (<6/6+) and the drug use
indicator in mixed-effects logistic regression, adjusting for covariates. Moderation analysis was
conducted three ways: 1) an interaction term between the dichotomized ACE score and the
dichotomized MSPSS score (at the median) in the adjusted mixed-effects logistic regression
model, followed by Stata’s post-estimation command margins and marginsplot to retrieve and
visualize predicted probabilities, 2) assessment of additive interaction by the relative excess risk
due to interaction (RERI), as described by VanderWeele and Kool (2014) [511], and 3)
stratification by the MSPSS indicator in the fully adjusted model. Stratified models allow for
comparison between ACEs and drug use at different levels of social support, however, do not
establish statistical evidence of interaction.

Hypothesis 1.3: The ACE category of childhood maltreatment will have a stronger association
with drug use than the category of household dysfunction.

This hypothesis was tested using a dimensional approach, where ACEs were clustered
into indexes for childhood maltreatment (emotional abuse, physical abuse, sexual abuse,
emotional neglect, physical neglect) and household dysfunction (parental separation or divorce,
mother treated violently, household substance abuse, household mental illness, and incarcerated
household member). ACE dimensions (continuous variables ranging from 0-5) were added to
models separately, and information criteria were used to assess which was a better fit for the

data. Both ACE clusters were added into the mixed-effects logistic regression model, adjusting
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for covariates. To test the significance of the difference between ACE clusters, Stata’s post-
estimation command /incom (using subtraction) determined statistical significance of the
difference between estimates.

Hypothesis 1.3.1: The association between childhood maltreatment and drug use will be
attenuated in those who report a higher level of perceived social support.

This hypothesis was tested using a dimensional approach, where ACEs were clustered
into childhood maltreatment and household dysfunction. Both ACE indexes were added into the
mixed-effects logistic regression model, using the drug use indicator outcome, adjusting for
covariates. Moderation analysis was conducted three ways: 1) an interaction term between the
childhood maltreatment dimension (dichotomized at <3/3+, proportional to the <6/6+ cut-point
for all ten ACEs) and the MSPSS indicator in the adjusted mixed-effects logistic regression
model, followed by Stata’s post-estimation commands margins and marginsplot to retrieve and
visualize predicted probabilities, 2) assessment of additive interaction by the relative excess risk
due to interaction (RERI), and 3) stratification by MSPSS level in the fully adjusted model.
Hypothesis 1.4: The single ACE of household substance abuse history will have an independent
association with drug use.

This hypothesis was tested using a selective approach, with the single ACE of household
substance abuse history in the model, as well as the other nine ACEs (indexed as a continuous
variable) as adjustments. The model was tested without the other nine ACEs, however, creates a
missing variable problem. The drug use indicator was used as the outcome in the mixed-effects
logistic regression model, adjusting for covariates.

Hypothesis 1.4.1: The association between household substance abuse history and drug

use will be attenuated in those who report a higher level of perceived social support.
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This hypothesis was tested using a selective approach, with the single ACE of household
substance abuse history in the model, as well as the other nine ACEs as adjustments. The drug
use indicator was used as the outcome in the mixed-effects logistic regression model, adjusting
for covariates. Moderation analysis was conducted three ways: 1) an interaction term between
the single ACE of household substance abuse history, and the MSPSS indicator in the adjusted
mixed-effects logistic regression model, followed by Stata’s post-estimation command margins
and marginsplot to retrieve and visualize predicted probabilities, 2) assessment of additive
interaction by the relative excess risk due to interaction (RERI), and 3) stratification by MSPSS
level in the fully adjusted model.

Hypothesis 1.5: None of the findings from any of these hypotheses will differ after adjustment
for a time variable indicating COVID-19.

This hypothesis was tested by adding the time covariate for COVID-19 into each model
tested in this study. This covariate adjusts for potential differences in data collected during
versus prior to the pandemic. These estimates were compared to the estimates from each
individual hypothesis however, no formal test of significance could be conducted. All final

models included the time indicator for COVID-19.
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4.4 Study Two: Does the Association Between ACEs and Depressive Symptoms Differ by
Sleep Quality?

Figure 4.4: Study Two Conceptual Model
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First, descriptive univariate analysis of CESD and PSQI scores were conducted using
histograms and measures of central tendency and dispersion (i.e., means and standard
deviations). Frequency measures were examined after dichotomizing ACEs at various cut-points,
and the best cut-point (<5/5+) was determined based on the data (visual inspection of the
marginal predicted means of the outcome likely depressed at each level of ACE, described
further in section 6.3). Bivariate analysis examined the crude relationship between ACEs and

depressive symptoms, and covariates were then added into the model one at a time. This permits
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investigation of the impact of each additional covariate on the focal relationship. Information
criteria (AIC/BIC) were used to assess final model selection however, inclusion of covariates
was determined a priori and was prioritized over model fit based on current data. Finally, sleep
quality was tested as a moderator using the PSQI indicator (<6/6+), both on the bivariate
association between ACEs and depressive symptoms, as well as in the fully adjusted model.

Study Two was restricted to the time range from the conception of the cohort (August
2014) until in-person visits were halted (March 13, 2020) due to COVID-19. Multilevel
commands using participant ID were used for mixed effects in random intercept models, where
time (level one) is nested in person (level two).

Hypothesis 2.1: The cumulative ACE score will have an independent association with self-
reported depressive symptoms, following a dose-response continuum.

This hypothesis was tested using the continuous ACE score (as a categorical variable at
each level of ACE) and the dichotomized CESD (<23/23+) in mixed-effects logistic regression,
adjusting for covariates. Stata’s post-estimation commands margins and marginsplot were used
to retrieve and visualize predicted probabilities to assess the presence of a dose-response
relationship. Once the best cut-point was determined from the margins plot (<5/5+), the full
mixed-effects logistic model including the entire set of covariates was tested.

Hypothesis 2.2: The association between the cumulative ACE score and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested using the dichotomized ACE score (<5/5+) and the CESD
indicator in mixed-effects logistic regression, adjusting for covariates. Moderation analysis was
conducted three ways: 1) an interaction term between the ACE indicator and the PSQI indicator

(<6/6+) in the adjusted mixed-effects logistic regression model, followed by Stata’s post-
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estimation command margins and marginsplot to retrieve and visualize predicted probabilities,
2) assessment of additive interaction by the relative excess risk due to interaction (RERI), as
described by VanderWeele and Kool (2014) [511], and 3) stratification by PSQI level in the fully
adjusted model. Stratified models allow for comparison between ACEs and depressive symptoms
at different levels of sleep quality, however, do not establish statistical evidence of interaction.
Hypothesis 2.3: The ACE category of childhood maltreatment will have a stronger association
with depressive symptoms than the category of household dysfunction.

This hypothesis was tested using a dimensional approach, where ACEs were clustered
into indexes for childhood maltreatment (emotional abuse, physical abuse, sexual abuse,
emotional neglect, physical neglect) and household dysfunction (parental separation or divorce,
mother treated violently, household substance abuse, household mental illness, and incarcerated
household member). ACE dimensions were added to models separately, and information criteria
were used to assess which was a better fit for the data. Both ACE clusters were added into the
mixed-effects logistic regression model, using the CESD indicator outcome, adjusting for
covariates. To test the significance of the difference between ACE clusters, Stata’s post-
estimation command /incom (using subtraction) determined statistical significance of the
difference between estimates.

Hypothesis 2.3.1: The association between childhood maltreatment and depressive
symptoms will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested using a dimensional approach, where ACEs were clustered
into childhood maltreatment and household dysfunction. Both ACE indexes were added into the
mixed-effects logistic regression model, adjusting for covariates. Moderation analysis was

conducted three ways: 1) an interaction term between the childhood maltreatment dimension
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(dichotomized at <3/3+) and the PSQI indicator in the adjusted logistic regression model,
followed by Stata’s post-estimation commands margins and marginsplot to retrieve and visualize
predicted probabilities, 2) assessment of additive interaction by the relative excess risk due to
interaction (RERI), and 3) stratification by PSQI level in the fully adjusted model.

Hypothesis 2.4: The single ACE of childhood sexual abuse will have an independent association
with depressive symptoms.

This hypothesis was tested using a selective approach, with the single ACE of childhood
sexual abuse in the model, as well as the other nine ACEs (indexed as a continuous variable) as
adjustments. The model was tested without the other nine ACEs, however, creates a missing
variable problem. The CESD indicator was used as the outcome in the mixed-effects logistic
regression model, adjusting for covariates.

Hypothesis 2.4.1: The association between childhood sexual abuse and depressive
symptoms will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested using a selective approach, with the single ACE of childhood
sexual abuse in the model, as well as the other nine ACEs as adjustments. The CESD indicator
was used as the outcome in the mixed-effects logistic regression model, adjusting for covariates.
Moderation analysis was conducted three ways: 1) an interaction term between the single ACE
of childhood sexual abuse and the PSQI indicator in the adjusted mixed-effects logistic
regression model, followed by Stata’s post-estimation commands margins and marginsplot to
retrieve and visualize predicted probabilities, 2) assessment of additive interaction by the relative

excess risk due to interaction (RERI), and 3) stratification by PSQI in the fully adjusted model.
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4.5 Study Three: Does the Association Between ACEs and Anxiety Symptoms Differ by

Sleep Quality?

Figure 4.5: Study Three Conceptual Model
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First, descriptive univariate analysis of GAD-7 scores was conducted using a histogram
and measures of central tendency and dispersion (i.e., mean and standard deviation). Frequency
measures were examined after dichotomizing ACEs at various cut-points, and the best cut-point
(<5/5+) was determined based on the data (visual inspection of the marginal predicted means of
the outcome anxiety symptoms at each level of ACE, described further in section 7.3). Bivariate
analysis examined the crude relationship between ACEs and GAD-7 categories using mixed-

effects ordinal logistic regression (method discussed below), and covariates were then added into
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the model one at a time. This permits investigation of the impact of each additional covariate on

the focal relationship. Information criteria (AIC/BIC) were used to assess final model selection

however, inclusion of covariates was determined a priori and was prioritized over model fit
based on current data. Finally, sleep quality was tested as a moderator using the PSQI indicator

(<6/6+), both on the bivariate association between ACEs and the dichotomized GAD-7 indicator,

as well as in the fully adjusted models.

Usage of ordinal logistic regression requires the proportional odds assumption [512].
Estimates are assumed to be proportional (i.e., equal) for each level of the outcome. The ordinal
model can be conceptualized as a series of logistic regressions for binary dependent variables.
With the 4-category GAD-7, the model combines the comparisons: minimal anxiety to the higher
three levels; minimal and mild compared to moderate and severe; and minimal, mild, and
moderate compared to severe; into a single estimate. While there are several methods to formally
test the proportional odds assumption with single-level data, current methods using Stata do not
permit a formal test of the proportional odds assumption using mixed-effects ordinal logistic
regression. It is a drawback that an appropriate goodness of fit test is not available for a
multilevel proportional odds assumption, but efforts are currently underway [513]. Stata
technical support was contacted, but they did not yet have an accepted method. Thus, an attempt
to assess the proportional odds assumption was conducted two ways:

1) A multinomial logistic regression model followed by a post-estimation Wald test comparing
estimates from each level to one another. Since mixed-effects models in Stata do not permit
multinomial models, the xzser command was used to declare data as time-series along patient
ID and visit number, as has been done previously in mSTUDY research [514]. Wald tests

compared the estimates from mild, moderate, and severe categories (versus minimal) in both
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unadjusted and adjusted models, and a non-significant chi-square result (p>0.05) was used to
determine if the proportional odds assumption could be satisfied.

2) A mixed-effects linear regression model using the four category GAD-7 to assess the impact
of cumulative ACEs (<5/5+) on increasing level of anxiety. A significant positive estimate
was used to assess if cumulative ACEs linearly predict being in a higher anxiety category.

Study Three was restricted to the time range from the introduction of the GAD-7 (June
22, 2018) until in-person visits were halted (March 13, 2020) due to COVID-19. Multilevel
commands using participant ID were used for mixed effects in random intercept models, where
time (level one) is nested in person (level two).

Hypothesis 3.1: The cumulative ACE score will have an independent association with self-

reported anxiety symptoms, following a dose-response continuum.

This hypothesis was tested using the continuous ACE score (as a categorical variable at
each level of ACE) and the dichotomized GAD-7 indicator in mixed-effects logistic regression,
adjusting for covariates. Stata’s post-estimation commands margins and marginsplot were used
to retrieve and visualize predicted probabilities to assess the presence of a dose-response
relationship. Once the best cut-point was determined from the margins plot (<5/5+), the full
mixed-effects ordinal logistic model (GAD-7 four categories) including the entire set of
covariates was tested.

Hypothesis 3.2: The association between the cumulative ACE score and anxiety symptoms will

be attenuated in those who report higher levels of sleep quality.

This hypothesis was tested using the dichotomized ACE score (<5/5+) and the
dichotomized GAD-7 indicator in mixed-effects logistic regression, adjusting for covariates.

Moderation analysis was conducted three ways: 1) an interaction term between the ACE

106



indicator and the PSQI indicator (<6/6+) in the adjusted mixed-effects logistic regression model,
followed by Stata’s post-estimation command margins and marginsplot to retrieve and visualize
predicted probabilities, 2) assessment of additive interaction by the relative excess risk due to
interaction (RERI), as described by VanderWeele and Kool (2014) [511], and 3) stratification by
PSQI level in the adjusted mixed-effects logistic regression model. Stratified models allow for
comparison between ACEs and anxiety symptoms at different levels of sleep quality, however,
do not establish statistical evidence of interaction.

Hypothesis 3.3: The ACE category of childhood maltreatment will have a stronger association
with anxiety symptoms than the category of household dysfunction.

This hypothesis was tested using a dimensional approach, where ACEs were clustered
into indexes for childhood maltreatment (emotional abuse, physical abuse, sexual abuse,
emotional neglect, physical neglect) and household dysfunction (parental separation or divorce,
mother treated violently, household substance abuse, household mental illness, and incarcerated
household member). ACE dimensions were added to models separately, and information criteria
were used to assess which was a better fit for the data. Both ACE clusters were added into the
mixed-effects ordinal logistic regression model, using the categorical GAD-7 outcome, adjusting
for covariates. To test the significance of the difference between ACE clusters, Stata’s post-
estimation command /incom (using subtraction) determined statistical significance of the
difference between estimates.

Hypothesis 3.3.1: The association between childhood maltreatment and anxiety
symptoms will be attenuated in those who report higher levels of sleep quality.

This hypothesis was tested using a dimensional approach, where ACEs were clustered

into childhood maltreatment and household dysfunction. Both ACE indexes were added into the
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mixed-effects logistic regression model, adjusting for covariates. Moderation analysis was
conducted three ways: 1) an interaction term between the childhood maltreatment dimension
(dichotomized at <3/3+) and the PSQI indicator in the adjusted logistic regression model,
followed by Stata’s post-estimation commands margins and marginsplot to retrieve and visualize
predicted probabilities, 2) assessment of additive interaction by the relative excess risk due to
interaction (RERI), and 3) stratification by PSQI level in the adjusted mixed-effects ordinal
logistic regression model.

Hypothesis 3.4: The single ACE of emotional neglect will have an independent association with
anxiety symptoms.

This hypothesis was tested using a selective approach, with the single ACE of emotional
neglect in the model, as well as the other nine ACEs (indexed as a continuous variable) as
adjustments. The model was tested without the other nine ACEs, however, creates a missing
variable problem. GAD-7 categories were used as the outcome in the mixed-effects ordinal
logistic regression model, adjusting for covariates.

Hypothesis 3.4.1: The association between emotional neglect and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

This hypothesis was tested using a selective approach, with the single ACE of emotional
neglect in the model, as well as the other nine ACEs as adjustments. The GAD-7 indicator was
used as the outcome in the mixed-effects logistic regression model, adjusting for covariates.
Moderation analysis was conducted three ways: 1) an interaction term between the single ACE
of emotional neglect and the PSQI indicator in the adjusted mixed-effects logistic regression

model, followed by Stata’s post-estimation commands margins and marginsplot to retrieve and
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visualize predicted probabilities, 2) assessment of additive interaction by the relative excess risk

due to interaction (RERI), and 3) stratification by PSQI level in the fully adjusted model.
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5 CHAPTER FIVE: STUDY ONE - RESULTS AND DISCUSSION
5.1 Overview of Aim, Hypotheses, and Methods

Section 5.1 provides a summary of the methods used to test each of the hypotheses
introduced in section 3.1 and then described in detail in section 4.3. Section 5.2 displays the
sample characteristics and distribution of covariates. Section 5.3 describes the results and section
5.4 is dedicated to discussing these results. Results are discussed further in section 8.1 where
findings from all three studies are integrated into an overall summary and placed into a broader
context, with several recommendations for future research.

Study One aimed to understand the influence of ACEs on self-reported drug use
(excluding marijuana) during the past six months. First, I hypothesized the presence of a positive
and linear dose-response relationship between ACEs and self-reported drug use in the unadjusted
and then fully adjusted mixed-effects logistic regression models (question 1.1). This analysis
provided rationale for the optimal cut-point for ACEs in model building, based on a visual
inspection of the margins plot (the point where the predicted probability of drug use tended to
increase, see Figure 5.1). Next, I tested if the cumulative ACE score (dichotomized at <6/6+) had
an independent positive association with drug use (question 1.1). Model building included
adding variables individually to assess the impact of each covariate on the focal relationship.
Information criteria were examined as each covariate was added to the model, to assess each
additional adjustment on model fit.

Next, I tested if there was a multiplicative and/or additive interaction between ACEs
(<6/6+) and perceived social support (dichotomized at the median, as described in section 4.2),
based on the hypothesis that the association between the cumulative ACE score and drug use will

be attenuated in those who report a higher level of perceived social support (question 1.2). This
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hypothesis was also explored in a model stratified by level of perceived social support (question
1.2), as an alternative to interaction testing.

Next, I tested the hypothesis that the ACE category of childhood maltreatment has a
stronger association with drug use than the ACE category of household dysfunction (question
1.3). This hypothesis was tested by creating index scores for each ACE dimension (based on
scores 0-5, as described in section 4.3). Each category was analyzed in the fully adjusted model
separately, and information criteria were used to assess which model was a better fit for the data.
Both indexes were then added into the fully adjusted model, and a post-estimation command was
used to determine if differences between these estimates were significant. I then tested for both
multiplicative and additive interactions between childhood maltreatment (dichotomized at <3/3+)
and perceived social support (question 1.3.1). I chose three for the cut-point because I am using
six (out of ten ACEs) for my main model; therefore, three (out of the five) was proportionate for
the childhood maltreatment indicator. A dichotomized childhood maltreatment indicator for use
in interaction testing is a novel and exploratory approach that I have not seen done before. A
stratified model by level of perceived social support was also analyzed.

Next, I tested the hypothesis that the single ACE of household substance abuse history
(part of the household dysfunction dimension) has an independent positive association with drug
use (question 1.4). The single ACE was added to the logistic regression model, adjusting for
covariates. The model was then adjusted for the other nine ACEs, using an index score (scores 0-
9). Finally, I tested for multiplicative and additive interactions between household substance
abuse history and perceived social support, based on the hypothesis that the association will be
attenuated in those reporting higher levels of perceived social support (question 1.4.1). A model

stratified by level of perceived social support was also analyzed.
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5.2 Sample Characteristics and Covariate Distribution

To capture sample characteristics, data was analyzed prior to using the carryforward
command for covariate distribution at the ACE index visit, with results summarized in Table 5.1.
Table 5.1: Demographic Characteristics Based on Responses Between December 15, 2020,

and October 8, 2021 (Index Visit for ACE Questionnaire; n=297)

Characteristic n (%)
Age

18-29 years 54 (18.2)

30-39 years 142 (47.8)

40-52 years 101 (34.0)
Race/Ethnicity

Black 123 (41.4)

Hispanic/Latino 121 (40.7)

Other Race 16 (5.4)

White 37 (12.5)
Education

Didn’t Finish High School 30 (10.1)

High School 91 (30.6)

Some College 92 (31)

College Grad+ 84 (28.3)
Income

$0-$19,999 144 (48.5)

$20,000-$39,9999 79 (26.6)

$40,000+ 74 (24.9)
HIV Status

HIV- 131 (44.1)

HIV+ 166 (55.9)
BMI

Underweight (<18.5) 4(1.4)

Normal (18.5-24.9) 98 (33.0)

Overweight (25-29.9) 99 (33.3)

Obese (30+) 94 (31.7)

Missing 2 (0.7)
Cigarette/Vape Use

Not Currently 216 (72.7)

Currently 81 (27.3)
Alcohol Frequency

Monthly or Less (Including Never) 197 (66.3)

2-4 Times/Month 39 (13.1)

2-3 Times/Week 36 (12.1)

4+ Times/Week 25 (8.4)
Depressive Symptoms

Not Depressed 212 (71.4)

Likely Depressed 85 (28.6)
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The distribution of the total ACE score at the index visit is shown in Figure 5.1. The
mean ACE score in the study sample is 3.0 (SD=2.8). In this sample, 71% of participants had at
least one ACE, which is slightly lower than other studies of larger MSM samples (80%) [383],

including samples of Black MSM (90%) [388].

Figure 5.1: Distribution of Total Number of ACEs (Index Visit; n=297)
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The distribution of self-reported drug use (outcome) at the index visit is displayed in
Figure 5.2. Marijuana was the commonly used substance (with 44.4% reporting use) and was not
included in this drug use indicator. Of the other drugs used for analysis, methamphetamine was
the most common (with 32.7% reporting use). Among participants reporting ACEs, 42.1% report

using drugs (not including marijuana) in the past six months.
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Figure 5.2: Distribution of Self-Reported Drug Use Not Including Marijuana During the

Past Six Months (At ACE Index Visit; n=297)
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5.3 Results
Hypothesis 1.1: The cumulative ACE score will have an independent association with self-
reported drug use, following a dose-response continuum.

Mixed-effects logistic regression was used to test the association of each additional ACE
on the outcome of drug use. Results from testing the association of each additional ACE in the

fully adjusted model are summarized by a margins plot (Figure 5.3).
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Figure 5.3: Margins Plot from Fully Adjusted Mixed-Effects Logistic Regression of ACEs

on Drug Use (n=295 Across 2,564 Person-Visits)

Predictive Margins of ACEs with 95% Cls

Predicted Probability of Drug Use

Number of ACEs

Results indicate no dose-response relationship between the number of ACEs and the
predicted probability of drug use. Meanwhile, this analysis helped determine that six was the
optimal cut-point for the main model. This is the point where the predicted probability of drug
use tended to increase. An ACE indicator at <6/6+ was then used to investigate if the cumulative
ACE score had an independent association with drug use. Crosstab indicates that 22.5% of

individuals in this sample had six or more ACEs (Table 5.2).
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Table 5.2: Distribution of Participants with Six or More ACEs (n= 297 Across 2,735

Person-Visits)

ACEs | Frequency | Percent
<6 2,120 77.5
6+ 615 22.5

Bivariate analysis (unadjusted) found that cumulative ACEs (<6/6+) increase the odds of
drug use by 1.93 (95% CI: 0.88-4.23). After adding variables one at a time and then examining
model fit using information criteria at each step of model building, it was concluded that the
entire set of covariates (determined a priori) was appropriate for the model. While many
predictors are not significant and did not contribute to model fit, they provide sound adjustment

based on previous literature. Results from the main model are summarized in Table 5.3.
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Table 5.3: Mixed-Effects Logistic Regression of Six or More ACEs on Drug Use (n=295

Across 2,564 Person-Visits)

Self-Reported Drug Use OR 95% Cl1 p-value
6 or More ACEs 2.04 0.87-4.82 0.10
Age - - 0.53
18-29 Years - - -
30-39 Years 0.98 0.59-1.62 0.93
40-52 Years 0.72 0.36-1.47 0.37
Race/Ethnicity - - 0.27
Black 0.18 0.03-0.98 0.05
Hispanic/Latino 0.20 0.04-1.10 0.06
Other - - -
White 0.20 0.03-1.29 0.09
Education - - 0.22
Didn't Finish HS 1.02 0.46-2.27 0.95
HS 1.46 0.79-2.72 0.23
Some College 1.71 0.97-3.02 0.06
College Grad+ - - -
Income - - 0.00**
$0-19,999 3.09 1.84-5.21 0.00**
$20,000-39,999 2.30 1.35-3.91 0.00**
$40,000+ - - -
HIV+ 1.95 0.97-3.90 0.06
BMI - - 0.00%*
Underweight 6.24 0.84-46.26 0.07
Normal Weight - - -
Overweight 0.55 0.33-0.92 0.02*
Obese 0.19 0.10-0.37 0.00%**
Current Cig/Vape Use 2.40 1.57-3.70 0.00%**
Alcohol Frequency - - 0.00**
Monthly or Less - - -
2-4 Times/Month 1.98 1.36-2.87 0.00%**
2-3 Times/Week 2.86 1.75-4.70 0.00%**
4+ Times/Week 2.58 1.39-4.76 0.00%**
Depressive Symptoms - - -
Unlikely Depressed - - -
Likely Depressed 1.80 1.29-2.51 0.00**
COVID-19 Time 0.92 0.68-1.25 0.61
Constant 0.58 0.10-3.42 0.54

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Results indicate that the presence of six or more ACEs increases the odds of self-
reported drug use by 2.04 (95% CI: 0.87-4.82) after adjusting for age, race/ethnicity, education,
income, HIV status, BMI, current cig/vape use, alcohol frequency, depressive symptoms, and a
time variable indicating COVID-19 (described in section 4.2). Findings suggest that being
exposed to six or more ACEs during the first 18 years of life more than double the odds of
reporting drug use in the past six months, however this estimate only trended toward significance
(p=0.10).

Hypothesis 1.2: The association between the cumulative ACE score and drug use will be
attenuated in those who report a higher level of perceived social support.

This hypothesis was tested by adding an interaction term between the ACE indicator
(<6/6+) and an indicator for high levels of perceived social support (dichotomized at the median)
in the fully adjusted model. Results did not indicate a statistically significant interaction,
meaning that any potential buffering effects of perceived social support are not multiplicative.
Additive interaction analysis using RERI was also not significant. Meanwhile, a stratified
analysis did suggest that among individuals with high perceived social support, the association
between ACEs and drug use was nonexistent (OR: 0.92; 95% CI: 0.23-3.69; n=172 across 1,291
person-visits), whereas among individuals with low perceived social support, ACEs (<6/6+)
predicted drug use (OR: 2.89; 95% CI: 0.98-8.48; n=163 across 1,273 person-visits), albeit
bordering on significance (p=0.05). Among those with low levels of perceived social support,
29.5% have six or more ACEs. Results from the model among those with low levels of perceived
social support are displayed in Table 5.4. Because this analysis cuts the sample size

approximately in half, CIs are high and therefore should be interpreted with caution.
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Table 5.4: Mixed-Effects Logistic Regression of Six or More ACEs on Drug Use Among

Individuals Perceiving Low Levels of Social Support (n=163 Across 1,273 Person-Visits)

Self-Reported Drug Use OR 95% Cl1 p-value
6 or More ACEs 2.89 0.98-8.48 0.05
Age - - -
18-29 Years - - -
30-39 Years 1.93 0.91-4.08 0.09
40-52 Years 1.34 0.48-3.71 0.58
Race/Ethnicity
Black 0.14 0.01-1.44 0.10
Hispanic/Latino 0.33 0.03-3.44 0.35
Other - - -
White 0.51 0.03-7.51 0.62
Education - - -
Didn't Finish HS 1.67 0.60-4.69 0.33
HS 2.48 1.01-6.05 0.05%*
Some College 2.47 1.08-5.63 0.03*
College Grad+ - - -
Income - - -
$0-19,999 3.21 1.46-7.03 0.00%*
$20,000-39,999 2.02 0.90-4.55 0.09
$40,000+ - - -
HIV+ 1.09 0.40-2.95 0.87
BMI - - -
Underweight 35.2 1.38-902.55 0.03*
Normal Weight - - -
Overweight 0.4 0.21-0.80 0.01**
Obese 0.18 0.07-0.44 0.00%**
Current Cig/Vape Use 1.99 1.07-3.70 0.03*
Alcohol Frequency - - -
Monthly or Less - - -
2-4 Times/Month 1.52 0.90-2.56 0.11
2-3 Times/Week 23 1.17-4.52 0.02*
4+ Times/Week 3.73 1.57-8.83 0.00%*
Depressive Symptoms - - -
Unlikely Depressed - - -
Likely Depressed 2.07 1.34-3.22 0.00**
COVID-19 Time 1.16 0.76-1.78 0.50
Constant 0.50 0.04-6.32 0.59

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Hypothesis 1.3: The ACE category of childhood maltreatment will have a stronger association
with drug use than the category of household dysfunction.

First, each dimension of ACEs (continuous variables ranging from 0-5) were added
separately to the fully adjusted models. Information criteria were used to determine that
household dysfunction was a better fit for the data. Results are summarized in Table 5.5.

Table 5.5: Information Criteria for Each ACE Dimension in Fully Adjusted Mixed-Effects

Logistic Regression with Outcome Drug Use (n=295 Across 2,564 Person-Visits)

ACE Dimension AIC BIC
Childhood Maltreatment | 2336.1 | 2470.6
Household Dysfunction | 2334.5 | 2469.1

AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria

Next, both dimensions were added to the fully adjusted model. Contrary to the
hypothesis, the estimate for household dysfunction was higher than childhood maltreatment,
however only trended toward significance (p=0.09). Results indicate that the index score for
household dysfunction trended toward being a significant predictor of drug use (OR: 1.28; 95%

CI: 0.96-1.70) whereas childhood maltreatment did not. Results are shown in Table 5.6.
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Table 5.6: Mixed-Effects Logistic Regression of Childhood Maltreatment on Drug Use with

Adjustment for Household Dysfunction (n=295 Across 2,564 Person-Visits)

Self-Reported Drug Use OR 95% Cl1 p-value
Childhood Maltreatment 0.88 0.68-1.14 0.33
Household Dysfunction 1.28 0.96-1.70 0.09
Age - - 0.55
18-29 Years - - -
30-39 Years 0.96 0.58-1.60 0.89
40-52 Years 0.72 0.36-1.47 0.37
Race/Ethnicity - - 0.24
Black 0.17 0.03-0.93 0.04
Hispanic/Latino 0.20 0.38-1.11 0.07
Other - - -
White 0.18 0.03-1.22 0.08
Education - - 0.21
Didn't Finish HS 1.06 0.48-2.35 0.89
HS 1.51 0.81-2.80 0.20
Some College 1.74 0.98-3.07 0.06
College Grad+ - - -
Income - - 0.00%**
$0-19,999 3.13 1.86-5.28 0.00%**
$20,000-39,999 2.31 1.36-3.93 0.00%**
$40,000+ - ; )
HIV+ 2.04 1.02-4.08 0.04*
BMI - - 0.00%*
Underweight 6.10 0.83-44.6 0.08
Normal Weight - - -
Overweight 0.55 0.33-0.92 0.02*
Obese 0.20 0.10-0.38 0.00%**
Current Cig/Vape Use 2.44 1.59-3.75 0.00%**
Alcohol Frequency - - 0.00%*
Monthly or Less - - -
2-4 Times/Month 1.97 1.35-2.86 0.00%*
2-3 Times/Week 2.84 1.74-4.63 0.00%**
4+ Times/Week 2.53 1.37-4.69 0.00%*
Depressive Symptoms - - -
Unlikely Depressed - - -
Likely Depressed 1.81 1.30-2.54 0.00%**
COVID-19 Time 0.93 0.68-1.25 0.61
Constant 0.55 0.09-3.34 0.52

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Finally, a post-estimation command was used to test if the difference between the two
predictors was statistically significant. Results indicate that the linear combination of the
parameters (using subtraction) did not reach significance (p=0.12).

Hypothesis 1.3.1: The association between childhood maltreatment and drug use will be
attenuated in those who report a higher level of perceived social support.

This hypothesis was tested by adding an interaction term between the childhood
maltreatment indicator (<3/3+) and the indicator for high levels of perceived social support in the
fully adjusted model. Results did not indicate a statistically significant multiplicative interaction,
which was expected given the absence of a childhood maltreatment main effect. Additive
interaction testing using RERI was also not significant. Meanwhile, in the stratified model,
household dysfunction was a significant predictor of drug use (OR: 1.73; 95% CI: 1.19-2.51)
among those with low levels of perceived social support, but childhood maltreatment was not.
Hypothesis 1.4: The single ACE of household substance abuse history will have an independent
association with drug use.

The selective approach tested if household substance abuse history (part of the household
dysfunction dimension) predicts drug use using mixed-effects logistic regression, adjusting for
covariates. In the model not adjusted for an index of the other nine ACEs, household substance
abuse history increased the odds of drug use (OR: 1.70; 95% CI: 0.81-3.57) but was not
significant (p=0.16). Next, [ added an adjustment for the other nine ACEs. Not surprisingly,
results indicate that household substance abuse history remained a non-significant predictor of
drug use (OR: 1.82; 95% CI: 0.75-4.43; p=0.19).

Hypothesis 1.4.1: The association between household substance abuse history and drug use will

be attenuated in those who report a higher level of perceived social support.
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This hypothesis was tested by adding an interaction term between household substance
abuse history and the indicator for high levels of perceived social support in the fully adjusted
model, including adjustment for the other nine ACEs. Results indicate a significant (p=0.03) and
multiplicative protective effect of high levels of perceived support on the association between
household substance abuse history and drug use. Findings from testing the interaction in the fully
adjusted logistic regression model are summarized by a margins plot (Figure 5.4).

Figure 5.4: Margins Plot from Fully Adjusted Mixed-Effects Logistic Regression of
Household Substance Abuse History Interacting with Perceived Social Support on Drug

Use (n=295 Across 2,564 Person-Visits)
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A post-estimation Wald chi-squared test (festparm) was used to confirm statistical

significance of the combined main effects plus the interaction term (p=0.00). Due to the
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robustness of the findings from the multiplicative interaction model, results from the additive
interaction and the stratified model are not reported.

Hypothesis 1.5: None of the findings from any of these hypotheses will differ after adjustment
for a time variable indicating COVID-19.

All fully adjusted models were rerun without the time variable indicating COVID-19, and
none of the main findings differed from those reported above.

5.4 Discussion

Primary Findings. While the main findings from Study One are summarized below and
then findings from each hypothesis are discussed, additional discussion of the integrated findings
from all three studies can be found in section 8.1.

A cumulative ACE score of six or more doubled the odds of illicit drug use in this sample
of mostly Black and Latino low-income MSM in Los Angeles, however this estimate only
trended toward significance (p=0.10). Because the relationship between ACEs and drug use did
not follow a dose-response continuum, the chosen model compared those with six or more ACEs
to those below, supporting the concept of cumulative impact. Models using ACE categories
(using zero ACE:s as the reference group) did not perform as well (based on AIC/BIC), which is
likely due to the lack of dose-response pattern predicted by ACEs. While the original ACE study
identified four or more as the best cut-point for predicting illicit drug use (compared to no
ACEs), their sample was mostly White and insured patients [3]. The current study investigated a
much higher-risk group subject to poverty, and likely to discrimination based on race/ethnicity,
sexual orientation, and HIV status. It is not uncommon to use higher thresholds for groups with

higher baseline risk.
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Perceived social support emerged as a moderator between cumulative ACEs and drug use
in a stratified model. Among those with low levels of perceived social support, a relationship
between ACEs and drug use was present, whereas among those with high levels of perceived
social support, no relationship existed. Higher levels of perceived social support can be
conceptualized as a resilience factor that buffers the relationship between ACEs and drug use
among mostly Black and Latino low-income MSM in Los Angeles.

The ACE dimension of childhood maltreatment did not emerge as a predictor of drug use,
whereas household dysfunction trended toward significant prediction. The household
dysfunction dimension might have a stronger impact because the single ACE of household
substance abuse history is part of that category. The specific ACE of household substance abuse
history trended toward being a significant predictor of drug use in this cohort. Findings support
the notion that examining ACEs in clusters is a good practice. Meanwhile, measuring ACEs
individually has the added benefit of being able to examine its unique contribution and potential
interactions. In this study, the presence of a significant negative multiplicative interaction
between household substance abuse history and high levels of perceived social support indicates
that the presence or perception of social support may be particularly beneficial in mitigating risk
for drug use among MSM who grew up in households with problematic substance use.
Hypothesis 1.1: The cumulative ACE score will have an independent association with self-
reported drug use, following a dose-response continuum.

ACE:s do not predict drug use in a dose-response fashion in this cohort of mostly Black
and Latino low-income MSM in Los Angeles. The original ACE study showed a dose-response
relationship between ACEs and illicit drug use [3] and many researchers have endorsed the

practice of measuring ACEs along a dose-response continuum for mental health outcomes
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[87,109]. However, drug use itself is not a mental health outcome but may be used as a proxy for
SUD, which is strongly correlated with depression and anxiety (discussed in Chapter 6 and 7,
respectively). Studies specifically with MSM have shown dose-response effects of ACEs on
depression, anxiety, and sexual risk-taking behavior [93] but no research (to my knowledge) on
MSM documents a dose-response relationship between ACEs and drug use. While several
potential explanations are offered below, it is possible that the relatively small sample size made
it difficult to detect a dose-response relationship that may have emerged in a larger sample. The
erratic pattern of ACEs predicting the probability of drug use (Figure 5.3) supports this assertion.
The fact that individuals with two, three, five, and seven ACEs have less likelihood of using
drugs in adulthood compared to those with no ACEs completely diverges from prior literature.

The absence of a dose-response relationship between ACEs and drug use among MSM
might be partially explained by higher rates of drug use in MSM compared to heterosexuals
[413]. Drug use is often sexualized among MSM [419,420] suggesting that other unmeasured
social factors can contribute to drug use among MSM. Additional factors include low SES, other
substance use (i.e., nicotine and alcohol), and depressive symptoms (see Table 5.3). Furthermore,
by design, approximately half of the sampled participants did not use drugs and among those,
approximately 20% had six or more ACEs. Non-significant findings related to drug use might be
because individuals using drugs were oversampled in the mSTUDY cohort. Findings collectively
suggest that the ten ACEs from the original measure are not linearly predictive of drug use
among mostly Black and Latino low-income MSM in Los Angeles. It is the presence of multiple
ACE:s and their cumulative impact that are more likely to have predictive power.

Furthermore, it is quite possible that mSTUDY participants experienced other ACEs such

as peer-victimization and discrimination (outside of the home) that were not captured by the
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current ACE instrument, downwardly biasing estimates between ACEs and drug use. In a sample
of primarily Black children from Chicago, nearly 20% reported only expanded ACEs [73].
Incomplete capture of ACEs can lead to misclassification bias, discussed in section 8.2.1.

In the main model adjusted for covariates, cumulative ACEs (six or more) more than
double the odds of reporting drug use in the past six months, however only trended toward
significance (p=0.10). These estimates are substantially lower than has been observed in other
samples. In a systematic review and meta-analysis from 2017, the OR of illicit drug use
following four or more ACEs was 5.62 (95% CI: 4.46-7.07) [5]. One might expect that a higher
threshold would lead to a higher likelihood of the outcome, but there are unique characteristics of
this sample (i.e., multiple risk factors present) that limit its comparability to the general
population. Given that men’s gender is also a known risk factor for drug use [515], the current
study of men only might partially explain the lower estimate.

Hypothesis 1.2: The association between the cumulative ACE score and drug use will be
attenuated in those who report a higher level of perceived social support.

While the multiplicative and additive interaction models did not yield statistically
significant findings, the stratified model indicated that perceived social support can be
conceptualized as a resilience resource, buffering the effects of ACEs on drug use. It has been
previously established that ELA reduces social support [343] which is in turn associated with
mental ill-health [342]. While several studies have shown social support partially mediates links
between ELA and mental health outcomes [347—-349], there are a lack of data examining social
support as a protective factor against drug use. This is the first study to suggest that the life
course impact of ACEs on drug use might be mitigated by the presence or perception of social

support among MSM.
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A strength of this analysis is in its potential to inform intervention strategies. Among
MSM who report multiple ACEs and are at risk for drug use, promotion of social support (for
example through community-based programs targeting trauma survivors) may offset the risk for
transition into drug use. Longitudinal data has shown that individuals with ACEs are less likely
to transition out of a riskier class and more likely to become polysubstance users [150]. Given
that substance use often begins during adolescence and early adulthood, it is imperative that
early interventions are implemented. First-time drug use begins at an earlier age when there is
childhood trauma [149]. Among Hispanic adolescents in Southern California, those exposed to
more ACEs experienced steeper inclining trajectories to substance use [516]. Given the links
between ACEs and drug use in this sample, promotion of social support may be one ingredient in
public health interventions designed to support the health and well-being of low-income MSM,
many of whom are HIV+ or can be considered at-risk for HIV infection.

Hypothesis 1.3: The ACE category of childhood maltreatment will have a stronger association
with drug use than the category of household dysfunction.

Findings from the current study did not support this hypothesis. This research question
was generated from studies suggesting that childhood maltreatment is associated with worse
mental health outcomes than household dysfunction [35,80,89,119]. Meanwhile, a recent
analysis from the National Survey of Children’s Health found that household dysfunction is a
stronger predictor of substance use than childhood maltreatment [517], however these findings
were only recently published (August 2021), after dissertation hypotheses were developed. In
their study, the odds of SUD following three or more household dysfunction ACEs was 7.75

(95% CI: 3.45-17.39) [517]. Once again, it is possible that estimates from the current sample are
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much lower than nationally representative samples due to the co-occurrence of other risk factors
driving drug use, or the incomplete capture of ACEs (such as those that occur in the community).

This hypothesis was also generated from literature related to the biological embedding of
adversity (reviewed in section 1.5) suggesting that childhood maltreatment is more likely to “get
under the skin” and impact neural mechanisms associated with reward/dopamine. While I
anticipated that links between ACEs and drug use could be partially conceptualized through
biological pathways, the finding that household dysfunction is a stronger predictor of drug use
support a social determinants of health framework. It is more likely that social and immediate
environmental factors (in the home) contribute to drug use compared to abuse and neglect among
MSM in Los Angeles. This appears to be an important finding that should be explored further.
Hypothesis 1.3.1: The association between childhood maltreatment and drug use will be
attenuated in those who report a higher level of perceived social support.

This hypothesis was not supported by the data, which was expected given the absence of
a childhood maltreatment main effect. No previous studies have reported buffering effects by
perceived social support and the specific dimension of childhood maltreatment, therefore this
research question was novel and exploratory in nature.

Hypothesis 1.4: The single ACE of household substance abuse history will have an independent
association with drug use.

Household substance abuse history comes from the dimension of household dysfunction.
Among those reporting ACEs in the mSTUDY cohort, 36% experienced household substance
abuse history. When the single ACE was examined as a key predictor, the odds of reporting drug
use in the past six months did not reach significance. Surprisingly, after adding the index of the

other nine ACEs, the estimate increased (but did not reach significance) and the OR of the other
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nice ACEs was less than one (0.98; 95% CI: 0.82-1.16) suggesting that this specific ACE may be
predictive of drug use in this sample. A larger sample size may have contributed to statistical
significance. Findings provide further support that the presence of multiple ACEs and their
cumulative impact have more predictive power than single ACEs. Other potential reasons that
this ACE may have predictive capacity may be due to the genetic nature of addictive disorders
(see section 1.4), assuming that the household member is a biological relative.

In summary, the single ACE of household substance abuse history may be important for
predicting drug use outcomes, given the evidence that parental substance use can be traumatic
for children and heighten their risk of drug use later in life [479]. However, in this study the
estimate did not quite reach statistical significance but became significant when interacted with
perceived social support in the model (hypothesis 1.4.1).

Hypothesis 1.4.1: The association between household substance abuse history and drug use will
be attenuated in those who report a higher level of perceived social support.

Data from this study support this hypothesis and is the most salient finding from Study
One, given its potential policy implications and the fact that this has not been previously
documented. The multiplicative interaction model with household substance abuse history and
high levels of perceived social support survived adjustment for the other nine ACEs. This finding
demonstrates that high levels of perceived social buffer the impact of household substance abuse
history on drug use among mostly Black and Latino low-income MSM in Los Angeles. Along
this line, those reporting lower levels of perceived social support are at significantly higher risk
of developing drug use in adulthood, even after adjusting for covariates and the other nine ACEs.

As discussed under Hypothesis 1.2, the indication that perceived social support is a

resilience factor has important public health and policy implications. Specifically, the presence
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of drug use in the home may flag social services and early intervention strategies designed to
promote social support and offset risk trajectories to later drug use. Given that drug use is
associated with HIV infection and fatal overdose, this finding has potential to save lives. More
research is needed to understand the mechanisms by which resilience factors such as social
support (and others) buffer the impact of ACEs on drug use, and how this may vary across
different sociodemographic groups.

Hypothesis 1.5: None of the findings from any of these hypotheses will differ after adjustment
for a time variable indicating COVID-19.

The absence of any substantive changes in main estimates or significance from any of the
models with versus without the time indicator for COVID-19 was expected because many of the
variables were transported across time for analysis. Transportability of the data rendered the
COVID-19 indicator to become somewhat of an artifact of the methodology. Thus, it was
important to include this adjustment and test the hypothesis that the data collected during the
COVID-19 pandemic did not differ significantly from data collected before.

Another interpretation from this analysis is that the minor associations described in Study
One persisted despite an era characterized by dramatic social change and declining mental
health. It is also possible that COVID-19 decreased drug use in some cases by way of limited
access, or increased drug use in others along with social and emotional challenges, independent
of ACE exposure. Both possibilities likely downwardly bias estimates. The fact that perceived
social support was collected only during the pandemic and was assumed stable for retrospective
transportation is discussed as a limitation. It is unlikely that the adjustment for COVID-19 time

was sufficient to overcome this limitation.

131



6 CHAPTER SIX: STUDY TWO - RESULTS AND DISCUSSION
6.1 Overview of Aim, Hypotheses, and Methods

Section 6.1 provides a summary of the methods used to test each of the hypotheses
introduced in section 3.2 and then described in detail in section 4.4. Section 6.3 describes the
results and section 6.4 is dedicated to discussing these results. Results are discussed further in
section 8.1 where findings from all three studies are integrated into an overall summary and
placed into a broader context, with several recommendations for future research.

Study Two aimed to understand the influence of ACEs on depressive symptoms,
analyzed prior to COVID-19. First, I hypothesized the presence of a positive and linear dose-
response relationship between ACEs and depressive symptoms in the unadjusted and then fully
adjusted mixed-effects logistic regression model (question 2.1). This analysis provided rationale
for the optimal cut-point for ACEs in model building, based on a visual inspection of the margins
plot (the point where the predicted probability of being likely depressed tended to increase, see
Figure 6.3). Next, I tested if the cumulative ACE score (dichotomized at <5/5+) had an
independent positive association with depressive symptoms using the Center for Epidemiological
Studies Depression (CESD) dichotomized at <23/23+ (question 2.1). Model building included
adding variables individually to assess the impact of each covariate on the focal relationship.
Information criteria were examined as each covariate was added to the model, to assess each
additional adjustment on model fit.

Next, I tested if there was a multiplicative and/or additive interactions between ACEs
(<5/5+) and a sleep quality indicator (Pittsburgh Sleep Quality Index [PSQI] <6/6+), based on

the hypothesis that the association between the cumulative ACE score and depressive symptoms
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will be attenuated in those reporting a higher level of sleep quality (question 2.2). For sensitivity
analysis, this relationship was also tested after removing the sleep question from the CESD.

Next, I tested the hypothesis that the ACE category of childhood maltreatment has a
stronger association with depressive symptoms than the category of household dysfunction
(question 2.3). This hypothesis was tested by creating index scores for each ACE dimension
(based on scores 0-5, as described in section 4.3). Each category was analyzed in the fully
adjusted model separately, and information criteria were used to assess which model was a better
fit for the data. Both indexes were then added into the fully adjusted model, and a post-
estimation command was used to determine if differences between these estimates were
significant. I then tested for both multiplicative and additive interactions between childhood
maltreatment (dichotomized at <3/3+) and the sleep quality indicator (question 2.3.1).

Next, I tested the hypothesis that the single ACE of childhood sexual abuse (part of the
childhood maltreatment dimension) has an independent positive association with depressive
symptoms (question 2.4). The single ACE was added to the logistic regression model, adjusting
for covariates. The model was then adjusted for the other nine ACEs, using an index score (based
on scores 0-9). Finally, I tested for multiplicative and additive interactions between childhood
sexual abuse and sleep quality, based on the hypothesis that the association will be attenuated in
those with higher levels of sleep quality (question 2.4.1).

6.2 Sample Characteristics and Covariate Distribution

Baseline characteristics are identical to Study One (Table 5.1) however Study Two also

includes an adjustment for results from urine drug tests (see Table 6.1). Because this data was

mostly collected during the time when marijuana was not legal for recreational use, positive
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screens for marijuana are included in this covariate. The mSTUDY sampling design aimed for
approximately 50% individuals who use drugs, which is consistent with data below.
Table 6.1: Positive Screens on any Drug Test for Methamphetamine, Opiates, Cocaine,

Ecstasy, Marijuana, Amphetamines, and Fentanyl Between August 2014 and March 2020

(n=296 Across 2,061 Person-Visits)

Drug Test | Frequency | Percent
Positive 1,063 51.6
Negative 998 48.4

The distribution of CESD scores (outcome) is shown in Figure 6.1. The mean CESD
score in the study sample is 17.9 (SD=11.9). Approximately one-third are likely depressed.
Figure 6.1: Center for Epidemiological Studies Depression (CESD) Scores Between August

2014 and March 2020 (n=557 Across 2,967 Person-Visits)
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The distribution of PSQI scores (moderator) is shown in Figure 6.2. The mean PSQI
score in the study sample is 6.8 (SD=4.1).

Figure 6.2: Pittsburgh Sleep Quality Index (PSQI) Scores Between August 2014 and March

2020 (n=315 Across 613 Person-Visits)
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6.3 Results

Hypothesis 2.1: The cumulative ACE score will have an independent association with self-
reported depressive symptoms, following a dose-response continuum.

Mixed-effects logistic regression was used to test the association of each additional ACE
on the outcome of likely depressed. Results from testing the association of each additional ACE

in the fully adjusted model are summarized by a margins plot (Figure 6.3).
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Figure 6.3: Margins Plot from Fully Adjusted Mixed-Effects Logistic Regression of ACEs

on Depressive Symptoms (n=294 Across 1,896 Person-Visits)

Predictive Margins of ACEs with 95% Cls

Predicted Probability of Likely Depressed

Number of ACEs

Results indicate no dose-response relationship between the number of ACEs and the
predicted probability of likely depressed. Meanwhile, this analysis helped determine that five
was the optimal cut-point for the main model. This is the point where the predicted probability of
being likely depressed tended to increase. An ACE indicator at <5/5+ was then used to
investigate if the cumulative ACE score had an independent association with depressive

symptoms. Crosstab indicates that 31.2% of individuals in this sample had five or more ACEs.
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Table 6.2: Distribution of Participants with Five or More ACEs (n=297 Across 2,734

Person-Visits)

ACEs | Frequency | Percent
<5 1,882 68.8
5+ 852 31.2

Bivariate analysis (unadjusted) found that cumulative ACEs increase the odds of
depressive symptoms by 1.94 (95% CI: 1.04-3.61). After adding variables one at a time and then
examining model fit using information criteria at each step of model building, it was concluded
that the entire set of covariates (determined a priori) was appropriate for the model. While many
predictors are not significant and did not contribute to model fit, they provide sound adjustment

based on previous literature. Results from the main model are summarized in Table 6.3.
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Table 6.3: Mixed-Effects Logistic Regression of Five or More ACEs on Depressive

Symptoms (n=294 Across 1,896 Person-Visits)

Depressive Symptoms OR 95% Cl1 p-value
5 or More ACEs 1.96 1.02-3.77 0.04*
Age - - 0.32
18-29 Years - - -
30-39 Years 0.70 0.41-1.18 0.18
40-52 Years 0.61 0.30-1.24 0.17
Race/Ethnicity - - 0.01*
Black 0.21 0.05-0.84 0.03*
Hispanic/Latino 0.21 0.05-0.83 0.03*
Other - - -
White 0.65 0.14-3.09 0.59
Education - - 0.16
Didn't Finish HS 247 1.12-5.47 0.03
HS 1.42 0.76-2.66 0.27
Some College 1.43 0.79-2.58 0.23
College Grad+ - - -
Income - - 0.03*
$0-19,999 1.51 0.83-2.73 0.18
$20,000-39,999 0.83 0.44-1.58 0.57
$40,000+ - - -
HIV+ 1.26 0.67-2.38 0.47
BMI - - 0.65
Underweight 1.02 0.26-4.01 0.98
Normal Weight - - -
Overweight 0.81 0.50-1.31 0.39
Obese 0.67 0.37-1.24 0.20
Current Cig/Vape Use 1.22 0.78-1.91 0.38
Alcohol Frequency - - 0.99
Monthly or Less - - -
2-4 Times/Month 0.96 0.64-1.44 0.86
2-3 Times/Week 0.94 0.54-1.65 0.83
4+ Times/Week 1.07 0.56-2.05 0.84
Drug Screen+ 2.53 1.70-3.75 0.00**
Constant 0.39 0.08-1.82 0.23

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Results indicate that the presence of five or more ACEs increased the odds of being likely
depressed by 1.96 (95% CI: 1.02-3.77) after adjusting for age, race/ethnicity, education, income,
HIV status, BMI, current cig/vape use, alcohol frequency, and urine drug test. Findings suggest
that being exposed to five or more ACEs during the first 18 years of life double the odds of being
likely depressed in adulthood.

Hypothesis 2.2: The association between the cumulative ACE score and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested by adding an interaction term between the ACE indicator
(<5/5+) and an indicator for high level of sleep quality in the fully adjusted model. Results did
not indicate a statistically significant interaction, meaning that any potential buffering effects by
higher level of sleep quality are not multiplicative. Additive interaction analysis using RERI was
also not significant and therefore did not warrant stratified analysis. The sleep question was then
removed from the CESD but did not change the findings.

Hypothesis 2.3: The ACE category of childhood maltreatment will have a stronger association
with depressive symptoms than the category of household dysfunction.

First, each dimension of ACEs was added separately to the fully adjusted models.
Information criteria were used to determine that childhood maltreatment was a better fit for the
data. Results are shown in Table 6.4.

Table 6.4: Information Criteria for Each ACE Dimension in Fully Adjusted Mixed-Effects
Logistic Regression with Outcome Depressive Symptoms (n=294 Across 1,896 Person-

Visits)

ACE Dimension AIC BIC
Childhood Maltreatment | 1865.2 | 1987.2
Household Dysfunction 1868.4 | 1990.4

AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria
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Next, both dimensions were added to the fully adjusted model. Consistent with the
hypothesis, the estimate for childhood maltreatment was higher than household dysfunction.
Results indicate that the index score for childhood maltreatment is a significant predictor of
depressive symptoms (OR: 1.26; 95% CI: 1.01-1.57) whereas household dysfunction is not.

Results are found in Table 6.5.
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Table 6.5: Mixed-Effects Logistic Regression of Childhood Maltreatment on Depressive

Symptoms with Adjustment for Household Dysfunction (n=294 Across 1,896 Person-Visits)

Depressive Symptoms OR 95% CI p-value
Childhood Maltreatment 1.26 1.01-1.57 0.04*
Household Dysfunction 0.89 0.70-1.14 0.36
Age - - 0.35
18-29 Years - - -
30-39 Years 0.71 0.42-1.20 0.20
40-52 Years 0.62 0.30-1.26 0.19
Race/Ethnicity - - 0.02*
Black 0.24 0.06-1.00 0.05
Hispanic/Latino 0.23 0.06-0.94 0.04*
Other - - -
White 0.75 0.16-3.56 0.72
Education - - 0.17
Didn't Finish HS 2.46 1.11-5.44 0.03*
HS 1.45 0.77-2.70 0.25
Some College 1.45 0.81-2.61 0.22
College Grad+ - - -
Income - - 0.02*
$0-19,999 1.50 0.83-2.71 0.18
$20,000-39,999 0.83 0.44-1.56 0.56
$40,000+ - - -
HIV+ 1.26 0.67-2.38 0.48
BMI - - 0.62
Underweight 1.02 0.26-3.98 0.98
Normal Weight - - -
Overweight 0.80 0.49-1.29 0.35
Obese 0.67 0.36-1.23 0.19
Current Cig/Vape Use 1.21 0.78-1.90 0.40
Alcohol Frequency - - 0.98
Monthly or Less - - -
2-4 Times/Month 0.96 0.64-1.44 0.85
2-3 Times/Week 0.95 0.54-1.66 0.85
4+ Times/Week 1.09 0.57-2.08 0.81
Drug Screen+ 2.57 1.73-3.82 0.00**
Constant 0.35 0.07-1.67 0.19

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Finally, a post-estimation command was used to test if the difference between the two
predictors was statistically significant. Results indicate that the linear combination of the
parameters (using subtraction) did not reach significance (p=0.10).

Hypothesis 2.3.1: The association between childhood maltreatment and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested by adding an interaction term between the childhood
maltreatment indicator (<3/3+) and the indicator for high levels of sleep quality in the fully
adjusted model. Results did not indicate a statistically significant interaction, meaning that any
buffering effects by higher level of sleep quality were not multiplicative. Additive interaction
analysis using RERI was also not significant and therefore did not warrant stratified analysis.
Findings are consistent with previous interaction models that fail to show moderation by sleep.
Hypothesis 2.4: The single ACE of childhood sexual abuse will have an independent association
with depressive symptoms.

The selective approach tested if childhood sexual abuse (part of the childhood
maltreatment dimension) predicts depressive symptoms using mixed-effects logistic regression,
adjusting for covariates. In the model not adjusted for an index of the other nine ACEs,
childhood sexual abuse increases the odds of being likely depressed (OR: 2.26; 95% CI: 1.16-
4.38). In the fully adjusted model including an index for the other nine ACEs, childhood sexual
abuse survived adjustment and remained a significant predictor of depressive symptoms (OR:

2.37; 95% CI: 1.11-5.09). Results are summarized in Table 6.6.
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Table 6.6: Mixed-Effects Logistic Regression of Childhood Sexual Abuse on Depressive

Symptoms with Adjustment for Other Nine ACEs (n=294 Across 1,896 Person-Visits)

Depressive Symptoms OR 95% CI p-value
Childhood Sexual Abuse 2.37 1.11-5.09 0.03*
Index of Other 9 ACEs 0.98 0.86-1.12 0.80
Age - - 0.30
18-29 Years - - -
30-39 Years 0.70 0.41-1.18 0.18
40-52 Years 0.60 0.30-1.22 0.16
Race/Ethnicity - - 0.02*
Black 0.23 0.06-0.95 0.04*
Hispanic/Latino 0.23 0.06-0.93 0.04*
Other - - -
White 0.72 0.15-3.36 0.67
Education - - 0.13
Didn't Finish HS 2.58 1.17-5.69 0.02
HS 1.52 0.81-2.84 0.19
Some College 1.48 0.82-2.66 0.19
College Grad+ - - -
Income - - 0.03*
$0-19,999 1.52 0.84-2.76 0.17
$20,000-39,999 0.84 0.45-1.60 0.60
$40,000+ - - -
HIV+ 1.21 0.64-2.28 0.56
BMI - - 0.63
Underweight 1.09 0.28-4.25 0.90
Normal Weight - - -
Overweight 0.81 0.50-1.30 0.38
Obese 0.70 0.36-1.23 0.20
Current Cig/Vape Use 1.21 0.77-1.89 0.40
Alcohol Frequency - - 0.98
Monthly or Less - - -
2-4 Times/Month 0.96 0.64-1.44 0.84
2-3 Times/Week 0.93 0.53-1.63 0.80
4+ Times/Week 1.06 0.56-2.04 0.85
Drug Screen+ 2.54 1.71-3.77 0.00**
Constant 0.34 0.07-1.64 0.18

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Hypothesis 2.4.1: The association between childhood sexual abuse and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was tested by adding an interaction term between childhood sexual abuse
and the indicator for high level of sleep quality in the fully adjusted model. Results did not
indicate a statistically significant interaction, meaning that any buffering effects by higher level
of sleep quality were not multiplicative. Additive interaction analysis using RERI was also not
significant and therefore did not warrant stratified analysis. Findings are consistent with previous
interaction models that fail to show moderation by sleep.

6.4 Discussion

Primary Findings. While the main findings from Study Two are summarized below and
then findings from each hypothesis are discussed, additional discussion of the integrated findings
from all three studies can be found in section 8.1.

A cumulative ACE score of five or more double the odds of being likely depressed in this
sample of mostly Black and Latino low-income MSM in Los Angeles. Because the relationship
between ACEs and depressive symptoms did not follow a dose-response continuum, the chosen
model compared those with five or more ACEs to those below, supporting the concept of
cumulative impact. Models using ACE categories (using zero ACEs as the reference group) did
not perform as well (based on AIC/BIC), which is likely due to the lack of dose-response pattern
predicted by ACEs. Sleep quality did not emerge as a moderator between ACEs and depressive
symptoms in any of the models, likely because sleep quality had such a powerful main effect. A
sensitivity analysis removed the sleep question from the CESD but did not change any results.

The ACE dimension of childhood maltreatment emerged as a significant predictor of

depressive symptoms, whereas household dysfunction did not. Sleep quality did not moderate
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this relationship. The single ACE of childhood sexual abuse (part of the childhood maltreatment
dimension) emerged as a salient predictor of depressive symptoms in adulthood in the fully
adjusted model including the other nine ACEs, with no evidence of moderation by sleep.
Hypothesis 2.1: The cumulative ACE score will have an independent association with self-
reported depressive symptoms, following a dose-response continuum.

Consistent with the findings from Study One, ACEs do not predict depressive symptoms
in a dose-response fashion in this cohort of mostly Black and Latino low-income MSM in Los
Angeles. The original ACE study demonstrated a strong, dose-response relationship between
ACE score and probability of lifetime and recent depressive disorders [180]. The authors
concluded that exposure to multiple ACEs increases the risk for depressive disorders decades
after their occurrence. Longitudinal results from China confirm a significant dose-response
relationship between ACEs and adult depression [181]. It is possible that the relatively small
sample size made it difficult to detect a dose-response relationship that may have emerged in a
larger sample. The erratic pattern of ACEs predicting the probability of being likely depressed
(Figure 6.3) supports this assertion. The fact that individuals with one, three, four, and seven
ACEs have less likelihood of being likely depressed in adulthood compared to those with no
ACEs completely diverges from prior literature. Findings from the main model (Table 6.3)
indicate that other factors such as lower levels of education and drug use also contribute to
depressive symptoms, but even in an unadjusted model, the relationship between ACEs and
depression was non-linear.

Findings collectively suggest that the ten ACEs from the original measure are not linearly
predictive of depressive symptoms among mostly Black and Latino low-income MSM in Los

Angeles. It is the presence of multiple ACEs and their cumulative impact that have predictive
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power. As mentioned in the discussion for Study One, it is possible that mSTUDY participants
experienced other ACEs such as peer-victimization and discrimination that were not captured by
the current ACE instrument, leading to misclassification bias and downwardly biasing estimates.
As mentioned, in a sample of primarily Black children from Chicago, nearly 20% reported only
expanded ACEs [73]. Future studies should include community-level ACEs to better estimate the
association between ACEs and becoming likely depressed during adulthood.

In the main model adjusted for covariates, cumulative ACEs (five or more) doubled the
odds of being likely depressed. Findings are consistent with large bodies of previous literature. A
recent umbrella review of meta-analyses also found that ACEs double the odds of depression
(pooled OR: 2.01; 95% CI: 1.86-2.32) [183]. While participants in the mSTUDY cohort have
more depressive symptoms than the general population, the life course association between
cumulative ACEs and being likely depressed is not unlike other groups. It is important to point
out that depressive symptoms are consistently higher among women [518] suggesting that this
group of MSM may be at higher risk of depressive symptoms following ACEs than some other
groups. Findings substantiate a higher cut-point on the CESD (<23/23+ vs. <16/16+) for
classifying clinically meaningful symptoms of likely depressed among higher-risk groups.

Results emphasize the importance of ACE prevention programs, given that inequalities
are manifested over the life course and the experience of adversity during childhood increases
risk for both depressive symptoms and other forms of adversity in later life [519].
Hypothesis 2.2: The association between the cumulative ACE score and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

The multiplicative and additive interaction models did not yield statistically significant

findings. The hypothesis was based on evidence that good sleep is a resilience factor in young
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adults growing up in challenging environments [355,371]. Conceptually, it makes sense that
good sleep would be protective against the effects of childhood adversity, considering both
biological and psychological mechanisms of resilience (see section 1.6). Sleep disturbances
contribute to some of the consequences of ELA that modulate later quality of life [354]. The
main effect of ACEs on sleep quality was noteworthy and should be investigated in future
mSTUDY research.

Future research should account for the U-shaped association between sleep duration and
incident depression [370]. Insomnia or hypersomnia is part of the diagnostic criteria for Major
Depressive Disorder [121]. While the relationship is likely bidirectional, evidence supports sleep
disturbance as predictive of future mood disorders [365-367]. Nationally representative data
have shown that when sleep duration is less than eight hours, increased sleep is associated with
lower risk of incident depression, whereas when sleep duration is more than eight hours,
depression risk increased with longer sleep [370]. Given that links between sleep and depressive
symptoms are not straight-forward, a nuanced approach to modeling this relationship is required.
Investigation into individual components of the PSQI: 1) subjective sleep quality, 2) sleep
latency, 3) sleep duration, 4) habitual sleep efficiency, 5) sleep disturbances, 6) use of sleeping
medication, and 7) daytime dysfunction may prove worthwhile, particularly the component of
sleep disturbances. It might also prove worthwhile to investigate higher cut-points on the PSQI
for this high-risk group.

The reason I did not investigate perceived social support as a resilience factor in the
relationship between ACEs and depressive symptoms is because this study was restricted to pre-
COVID-19. The Multidimensional Scale of Perceived Social Support (MSPSS) was

administered only during remote visits. Because social distancing and widespread fear related to

147



the virus has profound implications for social support, this variable was not transported
retrospectively. The PSQI was available for moderation analysis and there is a shortage of data
investigating sleep quality as a resilience resource in the context of ACEs. Meanwhile, future
studies should investigate perceived social support as a moderator between ACEs and depressive
symptoms. This has been documented in an Irish cohort, where higher levels of social support
attenuate the association between ACEs and depressive symptoms, therefore may be an
important mental health resilience factor [192].

Hypothesis 2.3: The ACE category of childhood maltreatment will have a stronger association
with depressive symptoms than the category of household dysfunction.

Findings from this study provided some support for this hypothesis. The estimate from
the childhood maltreatment dimension was positive and significant, whereas the index for
household dysfunction did not predict depressive symptoms. However, post-estimation analysis
found that the difference between these predictors in the model was not significant.

This research question was generated from studies suggesting that childhood
maltreatment is associated with worse mental health outcomes than household dysfunction
[35,80,89,119]. This hypothesis was also generated from literature related to the biological
embedding of adversity (reviewed in section 1.5) suggesting that childhood maltreatment is more
likely to “get under the skin” and increase inflammatory processes [244] that have bidirectional
links to depression [520-522]. In conjunction with findings from Study One, it can be concluded
that different dimensions of ACEs associate with differential mental health outcomes among
low-income MSM. Such findings may aid in the prediction of psychiatric outcomes following
exposure to ACEs and inform early intervention programs to offset deleterious risk trajectories

among highly marginalized groups.
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Hypothesis 2.3.1: The association between childhood maltreatment and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was not supported by the data. Given the absence of moderating effects
of sleep quality in the main model with all ten ACEs, it is not surprising that effect measure
modification did not emerge here. The main effect of sleep on depressive symptoms was strong,
and although findings suggest heterogeneity across sleep quality, data do not support moderation
in either multiplicative or additive approaches.

Hypothesis 2.4: The single ACE of childhood sexual abuse will have an independent association
with depressive symptoms.

Childhood sexual abuse has received a disproportionate amount of attention in research
compared to other ACEs. While some representative samples suggest that only 1.8-2.3% of men
report childhood sexual abuse [523], other estimates suggest the prevalence is as high as 6.9%
[524]. Adult males are less likely than adult females to report childhood sexual abuse [525,526].
Stigma associated with homosexuality as well as unhelpful disclosure responses likely relate to
more mental distress and may impair future disclosures. Among those reporting ACEs in the
mSTUDY cohort, 29% experienced childhood sexual abuse. A higher prevalence of reported
childhood sexual abuse among MSM in the mSTUDY suggests that this ACE may be
particularly salient among this group and is likely not underestimated.

This hypothesis was strongly supported by the data. In the fully adjusted model including
an index for the other nine ACEs, childhood sexual abuse survived adjustment and remained a
significant predictor of depressive symptoms. The estimate for childhood sexual abuse was even
higher than cumulative ACEs dichotomized at <5/5+. Findings are consistent with previous

literature. A recent umbrella review of 19 meta-analyses focused specifically on childhood
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sexual abuse and depression reported an OR of 2.7 (95% CI: 2.4-3.0), suggesting that childhood
sexual abuse confers additional (i.e., independent) specific risk [184].

Meanwhile, because multiple ACEs often occur simultaneously, analysis of single ACEs
may overestimate their impact [92,94]. This missing variable problem was addressed by
adjustment for the other nine ACEs in the model, however future research should investigate if
this single ACE survives adjustment by expanded ACEs, to further disentangle this signal from
potential noise caused by missing ACEs. I hypothesize that this ACE will remain a potent
predictor of depressive symptoms among MSM and suggest that it should receive a
disproportionate amount of attention in the development of trauma-informed intervention
programs. Because ACEs tend to cluster rather than occur in isolation, it remains important to
consider how childhood sexual abuse can be socially patterned as well as increase the risk for
future revictimization [93,196,376,377,427,527-529]. This appears particularly important for
MSM who are at higher risk for HIV/STI infection.

Hypothesis 2.4.1: The association between childhood sexual abuse and depressive symptoms
will be attenuated in those who report a higher level of sleep quality.

This hypothesis was not supported by the data. Given the absence of moderating effects
of sleep quality in the main model with all ten ACEs and the model with childhood maltreatment
dimension, it is not surprising that effect measure modification did not emerge. The main effect
of sleep on depressive symptoms was strong, and although findings suggest heterogeneity across

sleep quality, data do not support moderation in either multiplicative or additive approaches.
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7 CHAPTER SEVEN: STUDY THREE — RESULTS AND DISCUSSION
7.1 Overview of Aim, Hypotheses, and Methods

Section 7.1 provides a summary of the methods used to test each of the hypotheses
introduced in section 3.3 and then described in detail in section 4.5. Section 7.3 describes the
results and section 7.4 is dedicated to discussing these results. Results are discussed further in
section 8.1 where findings from all three studies are integrated into an overall summary and
placed into a broader context, with several recommendations for future research.

Study Three aimed to understand the influence of ACEs on anxiety symptoms, analyzed
prior to COVID-19. First, I hypothesized the presence of a positive and linear dose-response
relationship between ACEs and anxiety symptoms in mixed-effects logistic regression models
(question 3.1). This analysis provided rationale for the optimal cut-point for ACEs in model
building, based on a visual inspection of the margins plot (the point where the predicted
probability of anxiety symptoms tended to increase, see Figure 7.2). Next, I tested if the
cumulative ACE score had an independent positive association with anxiety level, using ordinal
logistic regression (question 3.1). Model building included adding variables individually to
assess the impact of each covariate on the focal relationship. Information criteria were examined
as each covariate was added to the model, to assess each additional adjustment on model fit.

Next, I tested if there was a multiplicative and/or additive interactions between ACEs
(<5/5+) and a sleep quality indicator (<6/6+) in mixed-effects logistic regression (using
dichotomized anxiety), based on the hypothesis that the association between the cumulative ACE
score and anxiety symptoms will be attenuated in those who report a higher level of sleep quality
(question 3.2). Logistic regression using the anxiety indicator (yes/no) allowed me to visualize

the margins plot to adequately assess if effect measure modification (moderation) was present.
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Next, I tested the hypothesis that the ACE category of childhood maltreatment has a
stronger association with anxiety symptoms than the category of household dysfunction
(question 3.3). This hypothesis was tested by creating index scores for each ACE dimension
(based on scores 0-5, as described in section 4.3). Each category was analyzed in the fully
adjusted model separately, and information criteria were used to assess which model was a better
fit for the data. Both indexes were then added into the fully adjusted model, and a post-
estimation command was used to determine if differences between these estimates were
significant. I then tested for both multiplicative and additive interactions between childhood
maltreatment (dichotomized at <3/3+) and sleep quality (question 3.3.1).

Next, I tested the hypothesis that the single ACE of emotional neglect (part of the
childhood maltreatment dimension) has an independent positive association with anxiety
symptoms (question 3.4). The single ACE was added to the ordinal logistic regression model,
adjusting for covariates. The model was then adjusted for the other nine ACEs, using an index
score (based on scores 0-9). Finally, I tested for multiplicative and additive interactions between
emotional neglect and sleep quality in the logistic model, based on the hypothesis that the
association will be attenuated in those with higher levels of sleep quality (question 3.4.1).

7.2 Sample Characteristics and Covariate Distribution

Baseline characteristics are identical to Study One (Table 5.1) with the same adjustment
for urine drug tests as Study Two (Table 6.1). The distribution of Generalized Anxiety Disorder
(GAD-7) categories (outcome) is shown in Figure 7.1. The mean GAD-7 score in the study
sample is 5.8 (SD=5.8). Nearly one-quarter have moderate or severe anxiety and over half have

any anxiety.
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Figure 7.1: General Anxiety Disorder-7 (GAD-7) Categories Between June 2018 and March

2020 (n=390 Across 1,047 Person-Visits)
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7.3 Results
Proportional Odds Assumption. As reviewed in section 4.5, usage of mixed-effects
ordinal logistic regression requires a proportional odds assumption. Given limitations of formally
testing this assumption using multilevel data in Stata, an attempt to assess the proportional odds
assumption was conducted two ways:
1) The xtset command was used to declare data as time-series along participant ID and visit
number. A multinomial logistic regression model using the ACE indicator (<5/5+) reported
coefficients for each level of anxiety (mild, moderate, severe) compared to minimal. A post-

estimation Wald test compared these estimates from each level to one another and yielded a
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non-significant chi-square result (p=0.95 in the crude unadjusted model; p=0.50 in the fully
adjusted model) and was used as support for the proportional odds assumption.

2) A mixed-effects linear regression model using the four category GAD-7 assessed the impact
of cumulative ACEs (<5/5+) on increasing level of anxiety. A significant positive estimate
(B=0.29; p=0.00) determined that cumulative ACEs linearly predict a higher anxiety
category. Visual inspection of the distribution of GAD-7 categories (Figure 7.1) and the
ordinal nature of these levels was used to corroborate the proportional odds assumption.

Hypothesis 3.1: The cumulative ACE score will have an independent association with self-

reported anxiety symptoms, following a dose-response continuum.

Mixed-effects logistic regression was used to test the association of each additional ACE
on the outcome of anxiety symptoms. Results from testing the association of each additional
ACE in the fully adjusted model are summarized by a margins plot (Figure 7.2).

Figure 7.2: Margins Plot from Fully Adjusted Mixed-Effects Logistic Regression of ACEs

on Anxiety Symptoms (n=280 Across 789 Person-Visits)
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Results indicate no dose-response relationship between the number of ACEs and the
predicted probability of anxiety. Meanwhile, this analysis helped determine that five was the
optimal cut-point for the main model. This is the point where the predicted probability of anxiety
symptoms tended to increase. An ACE indicator at <5/5+ was then used to investigate if the
cumulative ACE score had an independent association with anxiety symptoms, using the four-
level GAD-7 in mixed-effects ordinal logistic regression.

Bivariate analysis (unadjusted) found that cumulative ACEs increase the odds of being in
a higher anxiety category by 3.27 (95% CI: 1.62-6.61). After adding variables one at a time and
then examining model fit using information criteria at each step of model building, it was
concluded that the entire set of covariates (determined a priori) was appropriate for the model.
While many predictors are not significant and did not contribute to model fit, they provide sound

adjustment based on prior literature. Results from the main model are summarized in Table 7.1.
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Table 7.1: Mixed-Effects Ordinal Logistic Regression of Five or More ACEs on Anxiety

Symptoms (n=280 Across 789 Person-Visits)

Anxiety Symptoms OR 95% CI p-value
5 or More ACEs 3.05 1.50-6.20 0.00%**
Age - - 0.25
18-29 Years - - -
30-39 Years 0.94 0.46-1.91 0.86
40-52 Years 0.53 0.22-1.28 0.16
Race/Ethnicity - - 0.00%**
Black 0.29 0.06-1.41 0.13
Hispanic/Latino 0.55 0.11-2.67 0.46
Other - - -
White 2.11 0.37-11.96 0.40
Education - - 0.75
Didn't Finish HS 0.89 0.31-2.55 0.83
HS 0.85 0.40-1.80 0.67
Some College 0.69 0.34-1.38 0.29
College Grad+ - - -
Income - - 0.02*
$0-19,999 3.05 1.41-6.56 0.00%**
$20,000-39,999 2.05 0.97-4.33 0.06
$40,000+ - . i}
HIV+ 1.91 0.92-3.98 0.08
BMI - - 0.35
Underweight 0.66 0.07-5.96 0.71
Normal Weight - - -
Overweight 1.42 0.70-2.85 0.33
Obese 0.72 0.33-1.61 0.43
Current Cig/Vape Use 1.60 0.90-2.86 0.11
Alcohol Frequency - - 0.69
Monthly or Less - - -
2-4 Times/Month 1.37 0.78-2.39 0.28
2-3 Times/Week 1.21 0.56-2.61 0.62
4+ Times/Week 1.42 0.57-3.55 0.46
Drug Screen+ 242 1.49-4.03 0.00%**
/cutl 1.12 (-)0.65-2.88
/cut2 3.58 1.79-5.37
/cut3 543 3.59-7.27

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Results indicate that the presence of five or more ACEs triple the odds (OR: 3.05; 95%
CI: 1.50-6.20) of being in a higher anxiety category after adjusting for age, race/ethnicity,
education, income, HIV status, BMI, current cig/vape use, alcohol frequency, and urine drug test.
Hypothesis 3.2: The association between the cumulative ACE score and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

This hypothesis was tested by adding an interaction term between the ACE indicator
(<5/5+) and an indicator for high level of sleep quality in the fully adjusted logistic regression
model. Results did not indicate a statistically significant interaction, meaning that any potential
buffering effects by higher level of sleep quality are not multiplicative. Additive interaction
analysis using RERI was also not significant and therefore did not warrant stratified analysis.
Hypothesis 3.3: The ACE category of childhood maltreatment will have a stronger association
with anxiety symptoms than the category of household dysfunction.

First, each dimension of ACEs was added separately to the fully adjusted ordinal models.
Information criteria were used to determine that childhood maltreatment was a better fit for the
data. Results are shown in Table 7.2.

Table 7.2: Information Criteria for Each ACE Dimension in Fully Adjusted Mixed-Effects

Ordinal Logistic Regression with Outcome Anxiety (n=280 Across 789 Person-Visits)

ACE Dimension AIC BIC
Childhood Maltreatment | 1619.4 | 1731.5
Household Dysfunction 1625.2 | 1737.3

AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria

Next, both dimensions were added to the fully adjusted model. Consistent with the

hypothesis, the estimate for childhood maltreatment was higher than household dysfunction.
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Results indicate that the index score for childhood maltreatment is a significant predictor of drug

use (OR: 1.34; 95% CI: 1.06-1.70) whereas household dysfunction is not (see Table 7.3).
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Table 7.3: Mixed-Effects Ordinal Logistic Regression of Childhood Maltreatment on

Anxiety Symptoms with Adjustment for Household Dysfunction (n=280 Across 789 Person-

Visits)
Anxiety Symptoms OR 95% CI p-value
Childhood Maltreatment 1.34 1.06-1.70 0.02*
Household Dysfunction 0.95 0.73-1.23 0.68
Age - - 0.27
18-29 Years - - -
30-39 Years 0.92 0.45-1.88 0.82
40-52 Years 0.53 0.22-1.29 0.16
Race/Ethnicity - - 0.00%**
Black 0.37 0.08-1.84 0.23
Hispanic/Latino 0.67 0.14-3.31 0.63
Other - - -
White 2.57 0.44-14.90 0.29
Education - - 0.77
Didn't Finish HS 0.86 0.30-2.49 0.79
HS 0.87 0.42-1.84 0.72
Some College 0.69 0.35-1.40 0.31
College Grad+ - - -
Income - - 0.01*
$0-19,999 3.17 1.47-6.83 0.00%*
$20,000-39,999 2.02 0.95-4.27 0.07
$40,000+ - ; )
HIV+ 1.86 0.89-3.89 0.10
BMI - - 0.39
Underweight 0.69 0.08-6.25 0.74
Normal Weight - - -
Overweight 1.36 0.68-2.74 0.40
Obese 0.70 0.32-1.57 0.39
Current Cig/Vape Use 1.55 0.86-2.77 0.14
Alcohol Frequency - - 0.73
Monthly or Less - - -
2-4 Times/Month 1.33 0.76-2.32 0.32
2-3 Times/Week 1.23 0.57-2.65 0.60
4+ Times/Week 1.45 0.58-3.64 0.43
Drug Screen+ 2.47 1.47-4.13 0.00%*
/cutl 1.31 (-)0.48-3.10
/cut2 3.77 1.95-5.59
/cut3 5.62 3.75-7.49

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Finally, a post-estimation command was used to test if the difference between the two
predictors was statistically significant. Results indicate that the linear combination of the
parameters (using subtraction) did not reach significance (p=0.11).

Hypothesis 3.3.1: The association between childhood maltreatment and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

This hypothesis was tested by adding an interaction term between the childhood
maltreatment indicator (<3/3+) and the indicator for high level of sleep quality in the fully
adjusted logistic model. Results did not indicate a statistically significant interaction, meaning
that any potential buffering effects by higher level of sleep quality are not multiplicative.
Additive interaction analysis using RERI was also not significant and therefore did not warrant
stratified analysis. Findings are consistent with previous interaction models that fail to show
moderation by sleep.

Hypothesis 3.4: The single ACE of emotional neglect will have an independent association with
anxiety symptoms.

The selective approach tested if emotional neglect (part of the childhood maltreatment
dimension) predicts anxiety symptoms using mixed-effects ordinal logistic regression, adjusting
for covariates. In the model not adjusted for an index of the other nine ACEs, emotional neglect
increased the odds of being in a higher anxiety category by over two-fold (OR: 2.42; 95% CI:

1.19-4.92). Results are summarized in Table 7.4.
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Table 7.4: Mixed-Effects Ordinal Logistic Regression of Emotional Neglect on Anxiety

Symptoms (n=280 Across 789 Person-Visits)

Anxiety Symptoms OR 95% CI p-value
Emotional Neglect 242 1.19-4.92 0.01*
Age - - 0.28
18-29 Years - - -
30-39 Years 0.87 0.43-1.78 0.71
40-52 Years 0.52 0.21-1.26 0.15
Race/Ethnicity - - 0.00%**
Black 0.36 0.07-1.75 0.20
Hispanic/Latino 0.69 0.14-3.36 0.65
Other - - -
White 2.44 0.43-14.04 0.32
Education - - 0.79
Didn't Finish HS 0.84 0.29-2.43 0.75
HS 0.86 0.41-1.83 0.70
Some College 0.70 0.35-1.41 0.33
College Grad+ - - -
Income - - 0.01*
$0-19,999 3.16 1.47-6.80 0.00%**
$20,000-39,999 1.98 0.93-4.19 0.07
$40,000+ - . i}
HIV+ 2.01 0.96-4.18 0.06
BMI - - 0.46
Underweight 0.75 0.08-6.80 0.80
Normal Weight - - -
Overweight 1.31 0.65-2.63 0.45
Obese 0.71 0.32-1.58 0.40
Current Cig/Vape Use 1.63 0.91-2.91 0.10
Alcohol Frequency - - 0.69
Monthly or Less - - -
2-4 Times/Month 1.31 0.75-2.30 0.34
2-3 Times/Week 1.24 0.58-2.68 0.58
4+ Times/Week 1.56 0.62-3.91 0.35
Drug Screen+ 2.37 1.42-3.96 0.00%**
/cutl 1.21 (-)0.58-2.99
/cut2 3.67 1.85-5.48
/cut3 5.52 3.66-7.37

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACEs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Next, [ added an adjustment for the other nine ACEs. Results indicate that emotional
neglect did not survive adjustment, as defined by loss of statistical significance. Results from the

fully adjusted model are displayed in Table 7.5.
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Table 7.5: Mixed-Effects Ordinal Logistic Regression of Emotional Neglect on Anxiety

Symptoms with Adjustment for Other Nine ACEs (n=280 Across 789 Person-Visits)

Anxiety Symptoms OR 95% CI p-value
Emotional Neglect 2.04 0.89-4.71 0.09
Index of Other 9 ACEs 1.06 0.91-1.24 0.46
Age - - 0.27
18-29 Years - - -
30-39 Years 0.88 0.43-1.80 0.74
40-52 Years 0.52 0.21-1.26 0.15
Race/Ethnicity - - 0.00%**
Black 0.35 0.07-1.70 0.19
Hispanic/Latino 0.65 0.13-3.19 0.60
Other - - -
White 2.37 0.41-13.6 0.33
Education - - 0.77
Didn't Finish HS 0.87 0.30-2.50 0.79
HS 0.86 0.41-1.83 0.70
Some College 0.70 0.35-1.40 0.31
College Grad+ - - -
Income - - 0.01*
$0-19,999 3.18 1.47-6.85 0.00%**
$20,000-39,999 2.00 0.94-4.23 0.07
$40,000+ - - -
HIV+ 1.94 0.93-4.06 0.08
BMI - - 0.43
Underweight 0.73 0.08-6.61 0.78
Normal Weight - - -
Overweight 1.34 0.67-2.70 0.41
Obese 0.71 0.32-1.59 0.41
Current Cig/Vape Use 1.60 0.90-2.87 0.11
Alcohol Frequency - - 0.72
Monthly or Less - - -
2-4 Times/Month 1.31 0.75-2.30 0.34
2-3 Times/Week 1.22 0.57-2.63 0.61
4+ Times/Week 1.50 0.60-3.80 0.39
Drug Screen+ 2.37 1.42-3.95 0.00%*
/cutl 1.27 (-)0.52-3.06
/cut2 3.73 1.91-5.55
/cut3 5.58 3.72-7.45

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval
ACESs: Adverse Childhood Experiences; HS: High School; Cig: Cigarette
BMI: Underweight (<18.5); Normal (18.5-24.99); Overweight (25-29.99); Obese (30+)
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Hypothesis 3.4.1: The association between emotional neglect and anxiety symptoms will be
attenuated in those who report higher levels of sleep quality.

This hypothesis was tested by adding an interaction term between emotional neglect and
an indicator for high level of sleep quality in the fully adjusted logistic model. Results did not
indicate a statistically significant interaction, meaning that any potential buffering effects by
higher level of sleep quality are not multiplicative. Additive interaction analysis using RERI was
also not significant and therefore did not warrant stratified analysis. Findings are consistent with
previous interaction models that fail to show moderation by sleep.

7.4 Discussion

Primary Findings. While the main findings from Study Three are summarized below and
then findings from each hypothesis are discussed, additional discussion of the integrated findings
from all three studies can be found in section 8.1.

A cumulative ACE score of five or more triple the odds of being in a higher anxiety
category in this sample of mostly Black and Latino low-income MSM in Los Angeles. Because
the relationship between ACEs and anxiety symptoms did not follow a dose-response continuum,
the chosen model compared those with five or more ACEs to those below, supporting the
concept of cumulative impact. Models using ACE categories (using zero ACEs as the reference)
did not perform as well (based on AIC/BIC), which is likely due to the lack of dose-response
pattern predicted by ACEs. Sleep quality did not emerge as a moderator between ACEs and
anxiety symptoms in any of the models, likely because sleep quality had a strong main effect.

The ACE dimension of childhood maltreatment was a significant predictor of being in a
higher anxiety category, whereas household dysfunction was not. Sleep quality did not moderate

this relationship. The single ACE of emotional neglect emerged as a predictor of higher anxiety
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symptoms in adulthood, however only in the model that did not include the other nine ACEs as
adjustments, with no evidence of moderation by sleep.

Hypothesis 3.1: The cumulative ACE score will have an independent association with self-
reported anxiety symptoms, following a dose-response continuum.

Consistent with the findings from Study One and Two, ACEs do not predict anxiety
symptoms in a dose-response fashion in this cohort of mostly Black and Latino low-income
MSM in Los Angeles. In the published literature, there are more studies documenting dose-
responses for drug use and depressive symptoms [3,5,180,181]. It seemed reasonable to
hypothesize that anxiety would follow a similar pattern but is not surprising given a lack of dose-
response for the other two outcomes. It is possible that the relatively small sample size made it
difficult to detect a dose-response relationship that may have emerged in a larger sample. The
erratic pattern of ACEs predicting the probability of being likely anxious (Figure 7.2) supports
this assertion. The fact that individuals with three, four, eight, and nine ACEs have less
likelihood of being anxious in adulthood compared to those with no ACEs completely diverges
from prior literature. Findings from the main model (Table 7.1) indicate that other factors such as
poverty and drug use also contribute to anxiety symptoms, but even in an unadjusted model, the
relationship between ACEs and anxiety was non-linear.

Findings collectively suggest that the ten ACEs from the original measure are not linearly
predictive of anxiety symptoms among mostly Black and Latino low-income MSM in Los
Angeles. It is the presence of multiple ACEs and their cumulative impact that have predictive
power. In the main ordinal model adjusted for covariates, cumulative ACEs (five or more) triple
the odds of being in a higher anxiety category. Findings are slightly less than meta-analytic

findings from 2017 where the odds of anxiety were reported to increase by 3.70 (95% CI: 2.62-
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5.22) following multiple ACEs [5]. The estimates from representative samples are likely higher
than the current study because they also include women, who have higher rates of anxiety
following childhood adversity [530]. None of the studies linking ACEs to anxiety have been
specific to MSM. However, analysis of five or more ACEs increased the odds of frequent
anxiety by 4.19 (95% CI: 2.39-7.34) among urban, minority young adults from Chicago [51].

Many studies also use a lower GAD-7 cut-point (<5/5+) to indicate the presence of any
anxiety. The most recent umbrella review of meta-analyses reported a pooled odds of anxiety at
1.94 (95% CI: 1.82-2.22) following at least one ACE [183]. Collectively, estimates reported here
do not diverge much from other life course associations between multiple ACEs and anxiety
symptoms. However, most analyses use an indicator for anxiety (yes/no) rather than a four-level
outcome in ordinal logistic regression. The robustness of this methodological approach should be
analyzed in future studies across different sociodemographic groups.

Finally, approximately a quarter (23.4%) of the study population report moderate or
severe anxiety, which is slightly higher than meta-analytic findings from MSM in China when
using the same GAD-7 cut-point of <10/10+ (22.5%) [410]. Given the high-risk nature of the
mSTUDY cohort and the potential contribution of other factors to anxiety symptoms (e.g.,
excessive worrying), it may be worth exploring operating characteristics of different cut-points
for classifying clinically meaningful symptoms of anxiety in this group, and in other high-risk
MSM from various racial/ethnic minority backgrounds.

Hypothesis 3.2: The association between the cumulative ACE score and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

The interaction models did not yield statistically significant findings. The hypothesis was

based on evidence that good sleep is a resilience factor in young adults growing up in
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challenging environments [355,371]. Conceptually, it makes sense that good sleep would be
protective against the effects of childhood adversity, considering both biological and
psychological mechanisms of resilience (see section 1.6). Sleep disturbances contribute to some
of the consequences of ELA that modulate later quality of life [354].

The reason I did not investigate perceived social support as a resilience factor in the
relationship between ACEs and anxiety symptoms is because this study was restricted to pre-
COVID-19, just like Study Two. Future studies should investigate perceived social support as a
moderator between ACEs and anxiety symptoms during COVID-19.

Hypothesis 3.3: The ACE category of childhood maltreatment will have a stronger association
with anxiety symptoms than the category of household dysfunction.

Findings from this study provided some support for this hypothesis. The estimate from
the childhood maltreatment dimension was positive and significant, whereas the index for
household dysfunction did not predict a higher level of anxiety. However, post-estimation
analysis found that the difference between these predictors in the model was not significant.

This research question was generated from studies suggesting that childhood
maltreatment is associated with worse mental health outcomes than household dysfunction
[35,80,89,119]. The estimate linking the dimension of childhood maltreatment to anxiety
symptoms is slightly less than reported in meta-analytic findings [183,531]. Heterogeneity of
estimates is likely due to differential operationalization of ACEs and anxiety, the characteristics
of the sample, and the adjustment variables used. It is also possible that the outcome of anxiety
can be attributable to a host of factors other than ACEs among mSTUDY participants, such as

recent housing and employment instability, which were not analyzed in the current study.
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Findings provide further support that the presence of multiple ACEs and cumulative impact have
the most predictive power, particularly childhood maltreatment ACEs.

Hypothesis 3.3.1: The association between childhood maltreatment and anxiety symptoms will
be attenuated in those who report higher levels of sleep quality.

This hypothesis was not supported by the data. Given the absence of moderating effects
of sleep quality in the main model with all ten ACEs, it is not surprising that effect measure
modification did not emerge here. The main effect of sleep on anxiety symptoms was strong, and
although findings suggest heterogeneity across sleep quality, data do not support moderation in
either multiplicative or additive approaches.

Hypothesis 3.4: The single ACE of emotional neglect will have an independent association with
anxiety symptoms.

The single ACE of emotional neglect has not received much attention in ACE research
and is usually clustered with the other ACEs from the childhood maltreatment dimension.
Among those reporting ACEs in the mSTUDY cohort, 31% experienced emotional neglect. Lack
of data on associations following this ACE partially motivated this research question, as well as
data suggesting that individuals with insecure attachment to their caregiver have higher anxiety
[480]. Efforts to disentangle this specific ACE were intended to highlight the potential impact of
more “silent” types of childhood maltreatment, other than physical and sexual abuse.

This hypothesis was partially supported by the data. In the adjusted ordinal model with
the single ACE, emotional neglect was a significant positive predictor of being in a higher
anxiety category. The estimates are consistent (but slightly lower) than meta-analytic findings
examining this relationship using measures other than ACEs (OR: 1.51; 95% CI: 1.51-2.20)

[473]. Emotional neglect did not survive adjustment for the other nine ACEs, suggesting that this
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association does not exist independently of other ACEs. Surviving adjustment for the other nine
ACE:s does seem a high bar to reach, and debate exists if single ACEs should be expected to do
so, given that they frequently co-occur [92,94]. Meanwhile, efforts to model this ACE
individually has the added benefit of being able to examine its unique contribution to anxiety,
which may prove important for targeted trauma-informed intervention programs.

Hypothesis 3.4.1: The association between emotional neglect and anxiety symptoms will be
attenuated in those who report higher levels of sleep quality.

This hypothesis was not supported by the data. Given the absence of moderating effects
of sleep quality in the main model with all ten ACEs and the model with childhood maltreatment
dimension, it is not surprising that effect measure modification did not emerge. The main effect
of sleep on anxiety symptoms was strong, and although findings suggest heterogeneity across

sleep quality, data do not support moderation in either multiplicative or additive approaches.
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8 CHAPTER EIGHT: CONCLUSION
8.1 Integrated Findings

This dissertation aimed to understand how ACEs associate with mental health (drug use,
depressive symptoms, and anxiety symptoms) over the life course among mostly Black and
Latino low-income MSM in Los Angeles. Three different approaches to operationalize ACEs
were used: 1) a cumulative approach combining all ten ACEs into a sum score, 2) a dimensional
approach separating the categories of childhood maltreatment and household dysfunction, and 3)
a selective approach identifying a single ACE. All models included adjustments that were
determined a priori, and ACE cut-points were determined based on the data (dichotomized into a

higher versus lower exposure category). Integrated findings are summarized in Table 8.1.
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Table 8.1: The Association of Adverse Childhood Experiences on Various Mental Health

Outcomes using Mixed-Effects Logistic Regression Among Men Who Have Sex with Men

in the mSTUDY Cohort
Self-Reported Drug Depressive Symptoms? Anxiety
Use! Symptoms?

ACEs OR 95% CI p OR 95% CI p OR 95% CI p
Cumulative

5+ - - - 1.96 1.02-3.77 0.04* | 3.05 1.50-6.20 0.00**

6+* 2.04 0.87-4.82 0.10 - - - - - -
Dimensional

CcM 1.00  0.80-1.24 097 | 1.19 0.99-1.42 0.06 1.31 1.07-1.60 0.00**

CM-adj’ 0.88 0.68-1.14 0.33 1.26 1.01-1.57 0.04* | 1.34 1.06-1.70 0.02%*
Selective
HSAH 1.70  0.81-3.57 0.16 - - - - - -
HSAH- 1.82  0.75-443 0.19 - - - - - -
adj°
CSA - - - 225 1.16-4.38 0.02* - - -
CSA-adj® - - - 237 1.11-5.09 0.03* - -
EN - - - - - - 242  1.19-492 0.01*
EN-adj® - - - - - - 2.04 0.89-4.71 0.09

*p<0.05; **p<0.01; OR: odds ratio; CI: confidence interval; p: p-value

ACESs: Adverse Childhood Experiences; CM: Childhood Maltreatment

HSAH: Household Substance Abuse History; CSA: Childhood Sexual Abuse; EN: Emotional Neglect

'adjusted for age, race/ethnicity, education, income, HIV status, BMI, current cig/vape use, alcohol frequency, depressive symptoms, and COVID-19
Zadjusted for age, race/ethnicity, education, income, HIV status, BMI, current cig/vape use, alcohol frequency, and urine drug test

*compared to less than 5 ACEs; *“compared to less than 6 ACEs

Sadjusted for household dysfunction; ®adjusted for an index of the other 9 ACEs

The results of this research suggest that ACEs have significant associations with mental
health during adulthood among low-income MSM in Los Angeles, California. While
relationships between ACEs and mental health are well documented [109,110,119,120], the
evidence linking these among MSM is sparse, particularly among those with low SES and other
forms of cumulative disadvantage (e.g., HIV positive). Cumulative ACEs (dichotomized into
higher versus lower exposure category) predicted both depressive and anxiety symptoms in the

study sample and estimates for self-reported drug use trended toward significance. Contrary to
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hypotheses, none of the models demonstrated a dose-response relationship between the number
of ACEs and any of the outcomes.

The dimension of childhood maltreatment predicted depressive and anxiety symptoms,
but not drug use. Interestingly, the addition of household dysfunction dimension into the models
for depressive and anxiety symptoms augmented the estimates, suggesting that in this sample,
household dysfunction ACEs may be protective against depressive and anxiety symptoms. One
possible reason that household dysfunction did not emerge as predictive of depressive and
anxiety symptoms may be because these ACEs generally correlate with low SES [53]. However,
post-hoc analysis removing income and education from the models did not affect estimates.
Differential impacts from the two separate ACE dimensions may partially explain the absence of
a dose-response relationship when all ACEs were combined across all three models. However,
when a dose-response relationship was investigated for each dimension for each model, no dose-
response continuum emerged. This may also be due to the small sample size, creating wide
confidence intervals.

Selective (single ACE) approaches identified that household substance abuse history did
not predict future drug use; childhood sexual abuse predicts depressive symptoms; and emotional
neglect predicts higher anxiety, but not after adjusting for the other nine ACEs. Only the
association between childhood sexual abuse and depressive symptoms remained relevant after
adjustment for the other nine ACEs. This finding has noteworthy implications for the impact of
childhood sexual abuse on mental health (specifically depressive symptoms) among mSTUDY
participants, which may warrant targeted interventions.

Potential resilience factors were evaluated by including variables known to be negatively

impacted by ACEs, as well as positively associated with the outcomes. Potential resilience
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factors (i.e., perceived social support, sleep) were interacted with ACEs in mixed-effects logistic
regression models to see if they attenuated associations with mental health outcomes, across the
different ACE measurement strategies. Additive interactions were also tested. Perceived social
support emerged as a key buffering factor for drug use in the cumulative and selective
approaches. A significant multiplicative interaction between household substance abuse history
and perceived social support in Study One suggests that social support may be particularly
relevant for MSM growing up in households where substance use was present. Meanwhile, sleep
quality did not emerge as a moderator for any outcomes of depressive and anxiety symptoms but
had strong main effects.

The estimates reported in the current studies are generally lower than estimates from
studies with more diverse samples and from meta-analytic findings across various populations
[532]. One potential explanation is that ACE measure used in this dissertation failed to capture
other forms of adversity such as bullying, racism, discrimination, etc. that can occur outside of
the home (in the community), which may be particularly relevant for MSM of ethnic minority
status. An incomplete capture of ELA can downwardly bias estimates through misclassification.

The non-dose-response pattern of ACEs precluded analysis along a dose-response
continuum and necessitated the use of dichotomized variables. Most ACE research compares
those with multiple ACEs to those who have none, which may limit comparability of the
reported estimates. The ACE indicators (comparing the higher to the lower exposure category)
performed better (based on prediction and model fit) than any other categorical measurement
approach, which diverged from most ACE research. In all three studies, the group of participants
reporting zero ACEs had a higher predicted probability of the outcomes than many of the other

ACE counts. Many of the study participants had multiple ACEs and did not meet criteria for (or
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appeared in some cases protected against) the mental health outcome under study. It is possible
that this group experienced other forms of adversity not captured by the current ACE instrument.
It is also possible that the observed pattern could change in a larger sample. However, findings
from this dissertation suggest that household-level ACEs do not linearly predict drug use,
depressive symptoms, or anxiety symptoms in this sample of mostly Black and Latino low-
income MSM in Los Angeles, California.

Societal-level stigma and internalized shame associated with sexual minority and HIV
status is particularly relevant for MSM and may lead to poor mental health outcomes [533],
which may occur in the absence of ACEs. It is also possible that the presence of other social
factors commonly associated with lower SES (e.g., housing and employment instability)
contribute to poor mental health outcomes independent of (as well as in conjunction with) ACE
exposure. Collectively, measurement limitations (discussed further in section 8.4), and specific
characteristics of the study sample that may have additionally contributed to worse mental health
likely dampen estimates. The study design recruited approximately 50% of MSM who use drugs,
making this group higher risk at baseline. Non-significant findings related to drug use might be
because individuals using drugs were oversampled in the mSTUDY cohort. Results presented
herein suggest that low-income MSM are not worse off with respect to the association between
ACESs and mental health outcomes than other groups, however this may be an artifact of the
research methodology. Additional limitations are summarized in section 8.6.

The findings that childhood maltreatment had significant associations with depressive
and anxiety symptoms but not with drug use is important. Prior published literature suggests that
childhood maltreatment ACEs are more likely to impact mental health [119,120], however drug

use itself may be better classified as a behavioral rather than mental health outcome. Based on
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the background evidence presented in section 1.5, childhood maltreatment is more prone to
become biologically embedded [275,284,287,534] which may partially explain why it has
stronger effects on mental health than household dysfunction. Many of the childhood
maltreatment ACEs are physical assaults to the body, which may contribute to greater effects on
biological systems. Victimized children may also ascribe and internalize meaning that can impair
their self-esteem and ability to form safe prosocial bonds [214]. Such disruption can be
particularly damaging for individuals with multiple intersecting forms of marginalized identities
(such as MSM enrolled in the mSTUDY), leading to cumulative risk over the life course.

The larger contribution of household dysfunction ACEs to adult drug use provides
support for a social determinants of health framework, suggesting that the early home
environment may be a key contributor to later drug use. Drug use may emerge as a coping skill
or escape mechanism for dysfunction in the household. In post-hoc analysis of Study One,
among those with low levels of perceived social support, household dysfunction was a
significant predictor of drug whereas childhood maltreatment was not. As mentioned, the single
ACE of household substance abuse history (part of household dysfunction) may have also been
capturing genetic contributions to addiction, which were not measured in this dataset.

8.2 Theory Recap

Because this dissertation links exposures in early life to outcomes in adulthood, the Life
Course Perspective was the primary theoretical approach driving the research questions.
Although many disorders emerge in middle and late life, these conditions probably reflect injury
incurred from earlier exposures. The integrated conceptual model (section 2.5) summarizes
trajectories linking ACEs to mental health outcomes, including potential vulnerability factors,

broad processes of biological embedding, as well as resilience (protective) factors. Childhood
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disadvantage is often compounded across the life course with chains of additional adversities
[433]. Many of these components were not measured in the current studies but were described
for completeness.

To fully employ a life course model, data collection at multiple time points would
facilitate additional analyses such as mediation using structural equation modeling. While the
mSTUDY is longitudinal, this dissertation was not able to examine changing outcomes over time
(due to recent addition of the ACE measure). Other recommendations for using a Life Course
Perspective in future ACE research include timing of adversity (sensitive or critical periods),
frequency/intensity (discussed further in section 8.4), interaction models incorporating various
measures of social position and cumulative inequality, as well as the role of protective factors.

The integrated conceptual model utilized the Biopsychosocial Model to consider various
physiological mechanisms by which early life adversity can impact mental health trajectories.
While mechanisms of biological embedding were not measured, high quality evidence reviewed
in section 1.5 was used to conceptualize streams of causation that can be both direct and/or
indirect. These pathways provide important theoretical context for life course trajectories before
and after childhood adversity and provide additional elaboration. Factors include genetic
susceptibility, harmful biological exposures, childhood/adolescent experiences, SES, personality,
acute and chronic stressors, lifestyle behaviors, social networks, and their combined effects on
physiological functioning [441]. Recently, an updated Biopsychosocial Model has been proposed
[452], separating components into testable pathways that can assess subjective well-being as well
as objective health outcomes. Several biomarkers available in the mSTUDY dataset (e.g.,

inflammatory markers) should be used in future research to capitalize on this approach.
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The Life Course Perspective and the Biopsychosocial Model were used to formulate an
argument that ACEs are a fundamental cause of mental health disparities, based on four criteria
proposed by the Fundamental Cause Theory. While the necessary supporting data was not fully
analyzed in this dissertation, findings from other publications across multiple disciplines were
triangulated to create this novel argument. Multiple ACEs are a known risk factor for a range of
adverse mental health conditions, demonstrating that ACEs predict multiple disease outcomes.
Pathways to embodiment are confounded by social factors, which further contextualize risk. The
damaging effect of ACEs is nonspecific, demonstrating that ACEs can lead to adverse mental
and behavioral health outcomes through multiple mechanisms. With multiple mechanisms of
embodiment, associations to mental health disorders are reproducible, suggesting that
associations will reemerge even after intervening mechanisms change. Impairment by ACE
disrupts and inhibits access to social, psychological, and emotional resources across the lifespan,
compromising access to resources that may otherwise contribute to resilience.

In summary, embodiment of childhood adversity disrupts physiology (subject to
differential susceptibility) by cumulative disadvantage that reverberates across life course
processes (subject to resilience resources). Empirical support for the argument that ACEs can be
considered a fundamental cause of mental health disparities will necessitate inclusion of
biomarkers, additional social factors such as housing and employment instability, as well as
additional measures of resilience (assessed independently of the impact of COVID-19). While
the estimates for poverty generally rival estimates for ACEs across all three studies (as proposed
by the conceptual model in section 2.5), it is entirely possible that lower SES emerged in
adulthood because of ACEs, although most likely in conjunction with low early life SES, both of

which tend to be “sticky” and have long-lasting cumulative effects on health [429,433,475]. All
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three theories incorporated into this dissertation will be helpful in putting this argument to the
test. Longitudinal designs are needed to investigate this claim more rigorously and will
necessitate the use of expanded ACEs to further explore this research question.

8.3 Public Health Implications

Childhood adversity is a leading contributor to morbidity and mortality in the US and
may be considered a preventable determinant of decreased quality of life and early death. One
avenue which ACEs can lead to poor health outcomes is through compromised mental health
status, which is known to amplify over the life course and generate inequities that widen health
gaps between advantaged and disadvantaged groups. Recent estimates suggest that a 10-25%
reduction in childhood maltreatment incidence could potentially prevent 30-80 million cases of
depression and anxiety worldwide [183]. When stressors accumulate and multiply over the
lifespan through biological, psychological, social, and environmental factors, a life course
approach is needed to adequately model cumulative risk. The findings from this dissertation
reinforce the need to reduce ACEs in efforts to promote better starts in life, particularly among
groups with multiple intersecting forms of disadvantage.

It is imperative that ACE prevention programs consider the perspectives of those with
multiple marginalized identities to ensure that interventions are gender-sensitive and culturally
inclusive. To engage youth in prevention-based intervention, it is critical to understand the
contexts in which ACEs develop (at home versus in the community). It will be imperative to gain
knowledge on the specific type of victimization that racial/ethnic and sexual minority youth
experience relative to their peers [178]. Recently, a trauma-informed toolkit was developed to
build capacity among community-based partnerships [535]. The toolkit aims to foster community

connectedness and create successful linkages across a wide range of available resources.
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Twenty-three years of ACE research with over a thousand publications has contributed to these
recommendations. Currently, there is evidence that trauma-informed school and family-focused
programs have significant positive effects on many child outcomes [536].

Most mental health problems can be viewed through a lens of social construction,
patterned by vulnerability and resilience factors. ACEs operate within social contexts that
alleviate or exacerbate their negative impacts [47]. Lower SES during childhood is associated
with greater risk of ACEs [53]. Childhood adversity often follows generational patterns, where
health inequalities become entrenched within the most vulnerable families. To go upstream, a
more comprehensive understanding of parents’ childhood experiences is needed to prevent ACEs
in their children [478]. Mitigating the deleterious life course impact of ACEs requires an
understanding of parental adversity, to break the cycle of trauma and disrupt the legacy of
adversity. While the past cannot be undone, efforts to create brighter futures for ACE-exposed
children should become a public health priority.

Early prevention and intervention efforts to promote positive and safe parenting are
essential to decrease the burden of mental health symptoms among their offspring [111].
Focusing on resilience-promoting protective factors, specifically the quality of children’s
relational health in a variety of contexts may be just as effective at not only preventing ACEs,
but in buffering their effects [537]. Interventions aimed at increasing social support might reduce
risk for drug use later in life (Study One). Building resilience may foster adaptive skills needed
to cope with future adversity in a proactive manner, without illicit drugs. A recently published
Resilience Protective Factors Checklist includes individual, family, and community level buffers
to ACEs known to contribute to positive outcomes [330]. Future research should incorporate

such factors that are known to potentially counteract with adversity over the life course.
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Understanding racial/ethnic disparities in ACE research is critical. However, race and
ethnicity do not by themselves put a child at more risk of maltreatment. Differences in risk from
minority groups compared to White groups has been fully explained by income, becoming
nonexistent after adjustment [67,68]. In this dissertation, the Other Race category (American
Indian or Alaskan Native, Asian, Asian Indian, Native Hawaiian Pacific Islander) was used as a
reference group, and models consistently suggested that this group is worse off than Black and
Latino groups. Although this subgroup was small (n=16) it is considered adequate for most
research designs (cell size of at least five) [538], however should be interpreted with caution.
8.4 Measurement Recommendations

A key recommendation from this dissertation, together with other recent ACE research, is
the inclusion of expanded ACEs to more accurately represent levels of adversity experienced
across minoritized groups [97]. Omitting certain adversities such as community violence and
extreme poverty may underestimate mental health disparities among specific subpopulations
(misclassification bias). Using the original ACE measure allows comparison of findings across
the breadth of ACE research but is likely to overlook many relevant early life exposures that can
also compromise mental health, which may be particularly relevant for Black and Latino MSM.

Even when families provide safety at home, children can experience adversity in the
community. This includes neighborhood or school violence, bullying, and denigration in many
forms, resulting from prejudice and/or “othering,” as well as stress caused by continuous
exposure to discrimination and marginalization based on race/ethnicity and/or sex/gender as well
as sexual orientation [229]. Thus, the experience of racism should be included as an ACE,
including institutional/structural and cultural aspects, as well as interpersonal discrimination

[539]. Inclusion of immigration-related threats and deprivation should be included into future

180



ACE frameworks [74]. Recently, an interactive workshop on racism as an ACE was effective in
improving professionals comfort level with this topic and skills needed to implement antiracism
efforts in clinical encounters with patients and their families [540].

Other recent studies have introduced additional dimensionality to ACE measures. For
example, changing the response question from each ACE question from dichotomous to a five-
point Likert scale to capture the frequency of exposure [83]. In this large and diverse sample of
sexual and gender minorities, Likert ACE scores were more predictive of mental health
outcomes (anxiety and PTSD, but not depression) when participants were asked how often they
were exposed, rather than whether they were exposed. Modifying ACEs to have ordinal response
scales have been supported by other studies. Results comparing these new measurement
approaches suggest that the traditional ACE count score may significantly underestimate the
amount of attributable variance in many different health outcomes [82]. The strength of
observable associations may be proportional to the degree of adversity experienced.

Examination of ACEs as yes/no, whether separately or combined into a count score,
limits the ability to understand the frequency in which ACEs occur and the differential impact
this additional context can have on subsequent mental health outcomes. Although the cumulative
risk approach has proven informative when it comes to prediction, newer dimensional models
aim to link variability in adversity intensity to specific mechanistic processes across
biopsychosocial domains [88]. Dimensions other than frequency include timing (including
discontinuity, consistent with the Life Course Perspective), chronicity (event versus ongoing
condition), perception (subjective as well as objective), and the role of the perpetrator [81].
Future research should regularly include intensity-related dimensions as a more fine-grained

approach to ACE measurement.
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Recommendations for researchers include communicating the nuances of different ACE
domains and expanding the capacity to connect with legislative audiences for communicating
evidence-based methods to address specific ACEs [541]. Recommendations for policymakers
include consideration of structural contributors to ACEs (e.g., poverty, racism), recognition that
ACEs vary in their deleterious effects, and emphasizing the value of ACEs to motivate policies
at the state level that should consider the whole child from a trauma-informed lens [541].

8.5 Strengths

There are several novel contributions from these studies. The literature describing links
between ACEs and mental health outcomes among MSM is limited, particularly those of low-
income and racial/ethnic minority status. While the breadth of ACE research is vast among
nationally representative samples, gaps remain among specific subgroups. A major strength of
these studies is the inclusion of a wide range of sociodemographic and behavioral covariates that
help establish a sound estimate of the association between ACE exposure and mental health
among MSM. Validated instruments captured the various constructs analyzed in these studies,
and there was virtually no missing data.

Another strength from this dissertation is consideration and analysis of potential
resilience factors. While resilience factors are typically measured in the psychological domain,
the current studies conceptualized resilience through the commonly used perceived social
support, as well as though relevant health behaviors (i.e., sleep). Moderation analysis helped to
uncover how observed effects vary across levels of another factor, potentially informing targets
for intervention. Given that the association between ACEs and drug use was nonexistent among
those with higher levels of social support, interventions creating social ties and building

community may help reduce the burden of SUDs among those exposed to ACEs.
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Another strength of this research is the sampling design. Approximately half of the
participants reported drug use, and approximately half are HIV+. A balance between these
variables permit comparison with a higher level of statistical efficiency, however no consistent
findings related to HIV status were found across the studies. Additional strength can be found in
the comprehensive use of theory to guide the research questions and interpret the findings. The
results were discussed in the light of several established theories from disciplines of sociology,
medicine, and public health. In social science, data needs to be interpreted through the lens of
empirically supported theory to translate findings into meaningful conclusions.

This dissertation used a Life Course Perspective to investigate links between multiple
forms of adversity experienced in the first 18 years of life and mental health during adulthood,
contextually situated among other forms of vulnerability such as social disadvantage, drug use,
and HIV status. A trajectory approach was conceptualized through examination of potential
buffering factors. Finally, an argument was posed that ACEs can be considered a fundamental
cause of mental health inequality, given the amount of empirical support (here and elsewhere)
that ACEs can produce (and then reproduce) poor mental health outcomes independent of other
social factors. Thus, ACEs can be viewed as an upstream risk factor as well as a more commonly
accepted midstream psychosocial factor. However, findings from this dissertation do not fully
support this assertion, likely because the full range of relevant childhood adversity exposures
were not captured by the ACE instrument used.

8.6 Limitations

The findings from these studies should be viewed in the light of their limitations. The

current study sample is not representative of the population. While the mSTUDY is longitudinal,

the cross-sectional nature of the current analyses did not generate any causal conclusions. The
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recent addition of the ACE measure into the dataset also did not permit adequate analysis of
changing mental health outcomes (examined prospectively). Mixed-effects regression models
accounted for repeated measures, however truly capitalizing on the longitudinal design was not
possible since many variables were collected at different timepoints. For example, perceived
social support could not be tested in Study Two and Three due to restriction to time periods pre-
COVID-19. Changes in the questionnaires due to remote visits during COVID-19 limited
transportability of some data to other time periods, necessitating some separation of data pre- and
during COVID-19. Additionally, several of the variables that stopped being collected during
COVID-19 remote visits were “carried forward” for statistical analyses. While most of the
covariates are likely to be stable over time (e.g., education level, race/ethnicity), others may
change (i.e., BMI, HIV status) therefore assumptions of stability were required for analyses.

Meanwhile, a temporal sequence can be established between ACEs and the various
outcomes investigated, simply due to ACEs being a recall measure. However, ascertaining the
temporal sequence between the other study variables posed some methodological challenges.
Temporal sequencing was particularly relevant for the moderation analyses. For example,
impaired sleep may be a consequence of depressive and anxiety symptoms in some cases.
Similarly, lower levels of perceived social support may be a consequence of drug use.
Additionally, moderating variables tested might also be mediators. The sample size as well as the
conceptual orientation of resilience did not lend itself to any mediational analyses.

Another limitation (Study One) is the assumption of retrospective transportability of the
perceived social support variable (MSPSS). While the perception of social support likely
changes over time, Study One assumed its stability for analysis across the entire timespan of the

dataset. Social support has emerged in several recent studies as protective of mental health
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during COVID-19 [542-545], suggesting that a lack of social support during COVID-19 can be
detrimental. The assumption that MSPSS measures collected during COVID-19 can be
transported to periods prior to the pandemic assumes that the impact of ACEs on social support
is enduring over the life course [351]. The detriment to social support can occur through
embodiment [214] (e.g., hypervigilance to threat), therefore, should remain relevant for any ACE
research on psychosocial outcomes.

Another possible limitation is that ACE measures are subject to recall bias [101].
Specifically, younger individuals may be better positioned to recall exposure to childhood events
than older individuals. This may be particularly relevant when there is PTSD, which is associated
with amnestic recall as well as impaired hippocampal function [286,287,546]. Thus, the
dissertation assumed temporal stability of ACE recall over time. This limitation may be partially
addressed by adjusting for age, but all potential biases cannot truly be accounted for.

Measurement limitations can lead to misclassification bias. While the use of the original
ACE measure permits comparison across the breadth of ACE research, it misses many relevant
exposures known to impact mental health (e.g., bullying and discrimination) particularly
important for sexual minorities. Expanded ACE measures would have been more appropriate for
this sample, to capture other relevant forms of adversity including historical trauma (based on
race) which can embody, impact social ties, and subsequently affect life choices and chances.

Other limitations can be identified from the perspective of the theoretical underpinnings
reviewed in Chapter Two. Several contextual factors shown by the elaboration model in section
2.5 are not captured by the current dataset. While the ACE measure does collect some important
information on identified vulnerability factors such as parental history of substance abuse and

mental illness, as well as household incarceration; genetic predisposition data are not collected.
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This may be most relevant for drug use. While genes by themselves have been challenged in
their ability of predict most health outcomes, gene by environment interactions (i.e., epigenetics)
have consistently emerged as relevant processes in life course research [211]. Additionally,
neighborhood and other related environmental factors experienced during childhood and
adolescence were not captured by the dataset.

Finally, literature reviewed in section 1.5 suggests that links between ACEs and mental
and behavioral health outcomes are mediated by biological embedding pathways. Understanding
these biological pathways adds persuasive perspective to the hypotheses that were tested.
Pathways of embodiment alter a wide range of physiological processes that are implicated in
health outcomes, both directly and through impaired resilience factors. This data was not
included in these analyses, limiting the ability to infer a true “chains of risk” life course model.
Biological factors that are closely connected to the sociodemographic and behavioral variables
used in these studies should be included in future longitudinal research. Such investigations
should utilize expanded ACE measures that capture exposures to adversity most relevant to low-
income Black and Latino MSM (e.g., bullying, racism, and discrimination).

8.7 Future Research in the mSTUDY Cohort

The following recommendations are made for future research with the mSTUDY cohort:

1) Investigate cumulative, dimensional, and selective ACEs as risk factors for sexual risk-
taking behavior and compromised immune status that may in turn impact HIV/STI risk.
Consider childhood sexual abuse (and links to future sexual revictimization) in selective
ACE approaches.

2) Conceptualize some of the household dysfunction ACEs (parental separation or divorce,

household substance abuse, and household mental illness) as upstream vulnerability
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3)

4)

5)

6)

7)

factors in life course models that assess chains of risk by testing mediation pathways
investigating cumulative disadvantage, or in models using syndemic theory [403—405].
Conceptualize childhood maltreatment ACEs (e.g., physical, sexual abuse) in models of
biological embedding that incorporate biomarkers (e.g., inflammatory cytokines) and
assess the steepness of their trajectories over time, adjusting for other relevant factors.
Investigate associations and interactions between ACEs and sleep quality, using
cumulative, dimensional, and selective approaches. Consider a nuanced analysis of the
PSQI which investigates its specific components, particularly for depressive symptoms.
Explore different cut-points for the PSQI in this high-risk group.

Add a measure assessing PTSD symptoms and investigate PTSD as a potential mediator
in the outcomes of drug use, depressive and anxiety symptoms, poor sleep quality, and
low levels of perceived social support. Conceptualize those exposed to multiple ACEs
who do not display clinically significant symptoms of PTSD as a resilient group and
compare differences with those who do. Investigate interactions between ACEs and
PTSD symptoms in increasing risk for drug use and HIV transmission.

Investigate the role of perceived social support as a moderator and mediator of mental
health outcomes following exposure to ACEs during COVID-19.

Incorporate other measures of resilience (i.e., Brief Resilience Scale) into ACE research
during COVID-19 and investigate their potential buffering role in mental health
outcomes. Consider factors such as self-efficacy, self-esteem, and coping as additional
resilience factors that may emerge as protective against the deleterious impact of ACEs.
Incorporate available data on social networks. Measures including Beneficial Childhood

Experiences (or other “counter-ACEs”) may also provide insight into resilience processes
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and may offset risks associated with ACEs. Investigate various ways that resilience may
play out across different subgroups and for different mental health outcomes.
8) Use expanded ACEs to more adequately assess the full range of childhood adversity that
mSTUDY participants may have experienced, including questions about poverty,
neighborhood violence, bullying, racism, and discrimination based on sexual orientation.
9) Incorporate dimensional approaches to measuring ACEs that include ordinal responses
for each ACE capturing the frequency and/or intensity of the exposure, as well as timing,
and subjective interpretation.
8.8 Conclusions

This dissertation’s findings contribute to our understanding of how ACEs predict mental
and behavioral health outcomes among socially disadvantaged MSM in urban settings.
Examination of cumulative ACEs, the dimensional approach investigating specific ACE clusters,
and a selective approach helped elucidate differential impacts. Clearly, ACEs can associate with
multiple mental health outcomes and are not all equal in their impact. The risk for anxiety
symptoms following ACEs was higher than depressive symptoms. The childhood maltreatment
dimension showed better prediction for depressive and anxiety symptoms, whereas household
dysfunction was more closely associated with drug use. Household substance abuse history may
be a salient ACE among those perceiving low levels of social support in life course models of
drug use. Childhood sexual abuse may be a salient ACE in life course associations with
depressive symptoms, and emotional neglect may be important for anxiety.

Through discovering a buffering effect of perceived social support on self-reported drug
use, interventions targeting relational health should be developed among those exposed to ACEs,

particularly those in the household dysfunction dimension (e.g., household substance abuse
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history). Social support may be critical resource in buffering the effects of life stressors on health
outcomes but is vulnerable to erosion, for example when adversity increases threat vigilance and
restricts one’s sense of purpose in life.

Therefore, intervention strategies are needed to improve upstream social context
surrounding ACEs. There are multiple opportunities for enhancing resilience throughout the life
course and will necessitate substantial allocation of public resources. By bringing trauma-
informed primary care and psychological resources to vulnerable communities, ACE-exposed
individuals may have greater health-promoting resources. Multidisciplinary efforts will be
critical, and community-based interventions should prioritize marginalized groups at most risk.

Universal ACE-screening and trauma-informed care is warranted in public health
initiatives. ACE measurement tools should be community- and culture-specific. The
overwhelming weight of the evidence demonstrates the powerful effects of socioeconomic and
related social factors on mental health, particularly if there is accumulation of multiple forms of
psychosocial adversity and risk. The greatest opportunities for mitigating ACEs negative impact
and preventing long-term adult health consequences occur during childhood and adolescence,
when biological stress response systems are under development.

Newly developed policies for preventing ACEs must consider structural adversity, with
strengths-based interventions aimed at cultivating mitigating forces such as positive, nurturing
environments at home and in the community [77,547]. A key challenge in promoting this
paradigm shift from treatment to prevention is justifying the enormous upfront costs of
preventative measures, given the longer-term nature of any anticipated positive health and
economic outcomes [536]. If this cannot be achieved, resource allocation for treatment should

prioritize groups such as low-income minority MSM who are at risk for HIV infection.
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Appendix A: The Original Adverse Childhood Experience Questionnaire [3]

Abuse by category
Psychological
(Did a parent or other adult in the household . . .)
Often or very often swear at, insult, or put you down?
Often or very often act in a way that made you afraid that
you would be physically hurt?
Physical
(Did a parent or other adult in the household . . .)
Often or very often push, grab, shove, or slap you?
Often or very often hit you so hard that you had marks or
were injured?
Sexual
(Did an adult or person at least 5 years older ever . . .)
Touch or fondle you in a sexual way?
Have you touch their body in a sexual way?
Attempt oral, anal, or vaginal intercourse with you?
Actually have oral, anal, or vaginal intercourse with you?
Household dysfunction by category
Substance abuse
Live with anyone who was a problem drinker or alcoholic?
Live with anyone who used street drugs?
Mental illness
Was a household member depressed or mentally ill?
Did a household member attempt suicide?
Mother treated violently
Was your mother (or stepmother)
Sometimes, often, or very often pushed, grabbed, slapped,
or had something thrown at her?
Sometimes, often, or very often kicked, bitten, hit with a
fist, or hit with something hard?
Ever repeatedly hit over at least a few minutes?
Ever threatened with, or hurt by, a knife or gun?
Criminal behavior in household
Did a household member go to prison?
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Appendix B: The Center for Epidemiological Studies Depression (CESD) [179]

Table 1. CES-D Scale
INSTRUCTIONS FOr QUESTIONS: Below is a list of the ways you might
have felt or behaved. Please tell me how often you have felt this
way during the pasc week. HAND CARD A,

Rarely or nNone of the Time (Less than 1 Day)

Some or a Little of the Time (1-2 Days)

Occasionally or a Moderate Amount of Time (3-4 Days)

Most or All of the Time (5-7 Days)

During the past week:

1. I was bothered by things that usually don't bother me.

2. I did not feel like eating; my appetite was poor.

3. I felt that I could not shake off the blues even with help from my
family or friends.

4. I felt that I was just as good as other people.

5. I had trouble keeping my mind on what I was doing.
6. I felt depressed.

7. I felt that everything I did was an effort.

8. I felt hopeful about the future.

9. I thought my life had been a failure.
10. I felt fearful.

11. My sleep was restless.

12, I was happy.

13. I talked less than usual.

14. T felt lonely.

15. People were unfriendly.

16. I enjoyed life.

17. I had crying spells.

18. I felt sad.

19. I felt that people dislike me.
20. I could not get '"going."

-~
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Appendix C: The Generalized Anxiety Disorder (GAD-7) Questionnaire and Operating

Characteristics at Different Cut-Points [482]

GAD-7

Over the last 2 weeks, how often have you been Not Several th';nnOLZn ':32;3/
bothered by the following problems? atall days thedays day
1. Feeling nervous, anxious or on edge 0 1 2 3
2. Not being able to stop or control worrying 0 1 2 3
3. Worrying too much about different things 0 1 2 3
4. Trouble relaxing 0 1 2 3
5. Being so restless that it is hard to sit still 0 1 2 3
6. Becoming easily annoyed or irritable 0 1 2 3
7. Feeling afraid as if something awful might happen 0 1 2 3

Total ___ _ Add —_ —

Score Columns

If you checked off any problems, how difficult have these problems made it for you
to do your work, take care of things at home, or get along with other people?

Not difficult Somewhat Very Extremely
at all difficult difficult difficult
[] [] [] []

Table 1. Operating Characteristics of GAD-7 at Different Cutoffs*

GAD-7 Scale Scoret Sensitivity, % Specificity, % PPV, % NPV, % LR+ Prevalence, %

8 92 76 24 99 3.8 29

9 90 79 26 99 43 26
10 89 82 29 99 5.1 23
11 82 85 31 98 5.5 20
12 73 89 35 98 6.5 16
13 66 91 38 97 7.7 13
14 56 92 37 96 7.2 12
15 48 95 42 96 8.7 9

Abbreviations: GAD-7, generalized anxiety disorder 7-item scale; LR+, likelihood ratio for a positive test; NPV, negative predictive value; PPV, positive predictive
value.

*In 965 patients who underwent structured psychiatric interview by a mental health professional to determine the presence of generalized anxiety disorder by
using Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition diagnostic criteria.

1The actual score is greater than or equal to the score shown.
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Appendix D: The Multidimensional Scale of Perceived Social Support [483]

MSPSS Items

I. There is a special person who is around when
I am in need.
2. There is a special person with whom I can
share my joys and sorrows,
. My family really tries to help me.
4. 1 get the emotional help and support I need
from my family.
5. I have a special person who is a real source of
comfort to me.
6. My friends really try to help me.
. I can count on my friends when things go
wrong.
I can talk about my problems with my family.
9. I have friends with whom I can share my joys
and sorrows. .
10. There is a special person'in my life who cares
about my feelings.
11. My family is willing to help me make deci-
sions.
12. I can talk about my problems with my friends,

o

-3

oo
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Appendix E: The Pittsburgh Sleep Quality Index [485]

Appendix. Pittsburgh Sleep Quality Index (PSQI)

Name D# Date Age

Instructions:
The following questions relate to your usual sleep habits during the past month onfy. Your answers
should indicate the most accurate reply for the majority of days and nights in the past month.
Please answer all questions.
1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME

2. During the past month, how long (in minutes) has it usually take you to fall asleep each night?
NUMBEROFMINUTES
3. During the past month, when have you usually gotten up in the moming?
USUAL GETTING UP TIME
4. During the past month, how many hours of actual skeep did you get at night? (This may be different
than the number of hours you spend in bed.)
HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.

5. During the past month, how often have you had trouble sleeping because you...

(a) Cannot get to sleep within 30 minutes

Not during the Less than Once or Three or more

pastmonth ____ onceaweek ___  twiceaweek _____  limes a week
(b) Wake up in the middle of the night or early moming

Not during the Less than Once or Three or more

past month onceaweek _____ twiceaweek ____ times a week
{c) Have to get up to use the bathroom

Not during the Less than Once or Three or more

past month onceaweek _____ twice a week times a week
{d) Cannot breathe comfortably

Not during the Less than Once or Three or more

past month onceaweek —__ twiceaweek.. __  times a week
(e) Cough or snore loudty

Not during the Less than Once or Three or more

pastmonth ____ onceaweek ____ twiceaweek _.___ times a week
{f) Feel too cold

Not during the Less than Once or Three or more

pastmonth ____ onceaweek —___ twicceaweek _____ times a week
(9) Feel too hot

Not during the Less than Once or Three or more

past month once a week twiccaweek _____  times a week
(h) Had bad dreams

Not during the Less than Once or Three or more

pastmonth _____ once a week twiccaweek _____  times a week
(i) Have pain

Not during the Less than Once or Three or more

pastmonth ___ onceaweek ___ twiceaweek ____ fimes a week

(j) Other reason(s), please describe

How often during the past month have you had trouble sleeping because of this?

Not during the Less than Once or Three or more
past month once a week twice a week times a week
6. During the past month, how would you rate your sleep quality overall?
Verygood
Fairlygood
Fairly bad
Verybad
7. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help
you sleep?
Not during the Less than Once or Three or more
pastmonth onceaweek ___  twice a week times a week

8. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?
Not during the Less than Once or Three or more
pastmonth onceaweek __ twiccaweek ____  timesaweek

©

. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to
get things done?
No problem at all
Only a very slight problem
Somewhat of a problem
A very big problem
10. Do you have a bed partner or roommate?
No bed partner or roommate
Partner/roommate in other room
Partner in same room, but not same bed
Partner in same bed [
if you have a roommate or bed partner, ask him/her how often in the past month you have had...
(a) Loud snoring

Not during the Less than Once or Three or more
pastmonth ____ onceaweek _____  twice a week times a week
(b) Long pauses between breaths while asleep
Not during the Less than Once or Three or more
past month once a week twice a week times a week
(c) Legs twitching or jerking while you sleep
Not during the Less than Once or Three or more
pastmonth _____ once a week twice a week times aweek ____
{d) Episodes of disorientation or confusion during sleep
Not during the Less than Once or Three or more
past month once a week twiceaweek _____ timesaweek

(e} Other restlessness while you sleep; please describe

Not during the Less than Once or Three or more
past month onceaweek __  twiceaweek _____  times a week
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