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ABSTRACT OF THE DISSERTATION

Utilizing Machine Learning and Technology-Based Intervention for Intimate Partner Violence

and HIV Prevention Among Young Sexual Minority Men

by

Chenglin Hong
Doctor of Philosophy in Social Welfare
University of California, Los Angeles, 2024

Professor lan W. Holloway, Chair

Young sexual minority men (SMM) experience higher rates of intimate partner violence
(IPV) compared to their heterosexual counterparts, and these experiences were associated with
adverse health and mental health outcomes including HIV, substance use, and psychological
distress. However, little is known about the association between IPV victimization and HIV
prevention services such as pre-exposure prophylaxis (PrEP). This dissertation aimed to describe
the prevalence of IPV victimization, perpetration, and bi-directional violence among a sample of
cisgender young SMM who use substances. It examined the associations between different types
of IPV victimization and PrEP utilization, explores the mediating effects of PrEP stigma and

alcohol, tobacco, and other drug use on the relationship between IPV and PrEP utilization, and



built and verified a machine learning model to predict self-reported IPV victimization using
social media and mobile phone use data. The study found alarmingly high rates of IPV
victimization, perpetration, and bi-directional violence among a sample of cisgender young
SMM recruited from 2021 to 2023, particularly emotional IPV. The results indicated that
experiencing emotional, monitoring, and controlling IPV victimization were associated with
suboptimal PrEP utilization, such as lower likelihood of using PrEP for HIV prevention and
suboptimal PrEP adherence. Additionally, the study found that PrEP stigma and nicotine use
mediate the relationship between IPV victimization and PrEP use and adherence. Finally, social
media data and mobile phone use activities can be used to predict self-reported IPV victimization
through machine learning techniques when adequate data is available. These findings highlight
the elevated vulnerabilities of cisgender young SMM to IPV and underscore the need to promote
IPV screening and services across different settings. Future research is necessary to understand
the longitudinal impact of IPV experiences on PrEP utilization and to explore the underlying
mechanisms. There is potential to utilize machine learning, social media data, and mobile phone
activities to identify young SMM who experience or are at risk of IPV, indicating opportunities

for integrated eHealth and technology-based IPV services and interventions.
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CHAPTER 1: INTRODUCTION

Background of the problem

The emergence of research on intimate partner violence (IPV) among cisgender sexual
minority men (SMM) including gay, bisexual, and other men who have sex with men has
demonstrated that IPV occurs in male-male partnerships at rates similar to or higher than in
opposite-sex partnerships. Research suggests that nearly one in three SMM reported
experiencing I[PV in multiple forms during their lifetime, including physical violence, emotional
violence, sexual violence, and other monitoring and controlling behaviors (Liu et al., 2021;
Stephenson & Finneran, 2013). These experiences can profoundly impact SMM’s health,
including physical injuries, psychological distress, substance use and abuse, increased risk of
HIV and other sexually transmitted infections (STIs), or life-threatening behaviors such as
suicidal ideation and attempts (Buller et al., 2014). Receiving timely help related to IPV has been
shown to reduce negative post-traumatic outcomes and increase well-being among individuals
who experience [PV (Folger & Wright, 2013; Robinson et al., 2021).

Existing literature has primarily focused on exploring IPV victimization among SMM,
leaving a significant gap in understanding the co-occurrence of IPV victimization and
perpetration, especially among SMM subgroups experiencing high vulnerabilities, such as young
individuals and those who use substances. Meanwhile, not only do SMM experience higher rates
of IPV, but this group remains disproportionately affected by the HIV epidemic, especially
among young individuals (Centers for Disease Control and Prevention, 2020). Pre-exposure
prophylaxis (PrEP) is a novel biomedical HIV prevention intervention that reduces the risk of
HIV transmission among at risk populations when taken as prescribed (Baeten et al., 2012; Grant

et al., 2010; Heffron et al., 2014). However, limited extant research has sought to understand the

1



pathways between IPV victimization and HIV prevention service utilization such as PrEP uptake
and adherence, and the potential underlying mechanisms linking IPV experience and PrEP
utilization among this population. Previous research suggested that alcohol, tobacco, and other
drug (ATOD) use was associated with higher risk of IPV and suboptimal PrEP utilization (Gebru
et al., 2022; Shuper et al., 2020; Wu et al., 2015). These disparities may exacerbate the negative
impact of IPV, influence the patterns of PrEP uptake and adherence, and hinder the effectiveness
of PrEP for HIV prevention.

In the past decade, technology-based interventions (TBIs) including eHealth and mHealth
have been widely used in health promotion and disease prevention to facilitate large-scale
information dissemination and cost-effective service delivery. Examples of these TBIs include
web-based modules for health education, mobile apps for locating health services, and interactive
digital gamification to promote users’ health behaviors, such as medication adherence and HIV
testing (Maloney et al., 2020; Muessig et al., 2015). But these approaches have not been fully
utilized in preventing IPV or delivering IPV services, especially among SMM (Anderson et al.,
2021). One of the potential barriers to receiving IPV services may be concerns about privacy and
confidentially, which might lead to under-reported IPV experiences among SMM. To reach key
populations to deliver IPV services and prevention, it is critical to understand the feasibility of
identifying IPV through novel strategies beyond self-reported experiences and determine
preferences for and acceptability of delivering IPV prevention and resources via technology.
Recently, researchers started to use subjective data such as social media and mobile phone use
activities to predict health behaviors and health outcomes. Such approach may overcome
traditional barriers in identifying SMM who experience IPV and deliver services more

efficiently.



Purpose of the study

This proposed study aims to describe the prevalence of IPV victimization, perpetration,
and bi-directional violence among a sample of cisgender young sexual minority men, examine
the associations between experiencing IPV victimization and PrEP utilization including PrEP
uptake and adherence. By using mediation analyses, this research also seeks to explore the direct
and indirect impact of I[PV victimization on PrEP uptake and persistence among cisgender young
SMM and whether PrEP stigma and alcohol, tobacco, and other drug (ATOD) use mediate this
association. Given prior analysis using robust social media data collection and machine learning
to predict substance and HIV risks among SMM, this study also aims to build and verify a
machine learning algorithm to predict self-reported IPV victimization using social media and
mobile phone use data from an on-ongoing NIH-funded study (uTECH; PI: Holloway; NIH DP2

1DP2DA049296-01).

Specific aims and hypothesis
1. Describe the prevalence of IPV victimization, perpetration, and bi-directional violence
among a sample of cisgender young SMM.

Hypothesis: young SMM will report high rates of IPV victimization, perpetration, and bi-
directional violence, which will be equal to or higher than the observed rates among
SMM in general in the literature. These IPV outcomes will also differ by
sociodemographic characteristics such as sexual orientation.

2. Assess the associations between I[PV victimization, PrEP stigma, ATOD use, and PrEP

utilization among cisgender young SMM using previously validated scales, explore the



mediating effect of PrEP stigma and AOTD use on the relationship between IPV
victimization and PrEP uptake and adherence.
Hypothesis: IPV victimization will be negatively correlated with PrEP uptake and
adherence among young SMM. PrEP stigma and ATOD use will partially or fully
mediate the association between IPV victimization and PrEP uptake and adherence.
. Build and verify a machine learning model to determine the extent to which social media and
mobile phone data can be used to predict self-reported IPV victimization.
Hypothesis: Social media and mobile phone data will predict IPV experiences among
young SMM with high accuracy, verified through self-reported IPV victimization using

the IPV-GBM scale.



CHAPTER 2: LITERATURE REVIEW

This chapter is intended to demonstrate the public health relevance of intimate partner
violence (IPV) among sexual minority men (SMM). This chapter first provides an introduction to
IPV among SMM, including the prevalence of IPV among SMM, factors associated with IPV
among SMM, and the associations between [PV and health outcomes, including both physical
health and mental well-being. The following section focuses on the connections and impact of
IPV on HIV pre-exposure prophylaxis (PrEP) among SMM. The next section focuses on the
development and utilization of eHealth/mHealth, or technology-based interventions for health
promotion and disease prevention in the literature, with a focus on HIV prevention and care. The
final section presents emerging literature on using data science approaches such as building
machine learning models to predict health outcomes and behaviors, especially by using social
media and mobile phone activities.

Intimate partner violence (IPV) is a pervasive public health issue that could result in a
range of adverse health outcomes and behaviors. It refers to the abuse or aggression that occurs
in a romantic relationship (Breiding et al., 2015). The World Health Organization defines IPV as
“any behaviors within an intimate relationship that causes physical, psychological or sexual
harm”, which mainly include physical assault, psychological abuse and other aggressive
behaviors.” (World Health Organization, 2012). Despite the fact that IPV is most often discussed
in the context of heterosexual relationships historically with female victims and male
perpetrators, there has been a growth in research illustrating that SMM experience IPV at
substantially higher rates than heterosexual men, and rates that are comparable to those among
heterosexual women (Finneran & Stephenson, 2013, 2014a; Roll¢ et al., 2018). The following

section will outline recent research focused on IPV prevalence among SMM, identify



demographic and social-behavioral risk factors for IPV, associations between IPV experience

and health behaviors and outcomes.

Prevalence of intimate partner violence among sexual minority men

Recent research suggests that sexual minority men experience IPV at rates that are
substantially higher than their heterosexual counterparts, and in some studies, rates of [PV
experienced among gay, bisexual, and other sexual minority men (SMM) are comparable or even
higher than those among heterosexual women (Balsam et al., 2011; Pantalone et al., 2012;
Stephenson, Hall, et al., 2013). An early systematic review of 28 empirical studies in the United
States suggested that the prevalence of IPV in male couples ranged from 29.7% to 78.0% across
all recall periods (Finneran & Stephenson, 2013). A meta-analysis published in 2014 concluded
that the pooled prevalence of IPV victimization among SMM was 41.24% (95% confidence
interval (CI) : 32.38-50.11%) (Buller et al., 2014). More recently, an updated systematic review
and meta-analysis was published to synthesize the estimates of [PV victimization and
perpetration among SMM in literature published in the past three decades around the globe (Liu
et al., 2021). The pooled estimate of IPV victimization among SMM across all recall periods was
33.0% (95% CI: 28.0-39.0%). This review also revealed that pooled prevalence of IPV
perpetration was 29% (95% CI: 17.0%-40.0%). Furthermore, the most prevalent form of IPV
was emotional violence, which was 33.0% for emotional victimization and 41.0% for emotional
perpetration, followed by physical violence and sexual violence (Liu et al., 2021), In addition,
other forms of IPV were also documented in recent studies — Davis et al. (2016) found 29.6%
and 20.1% of SMM in New York City reported experiencing monitoring and controlling
violence from their regular partners (Davis et al., 2016). Among a more diverse sample of gay

and bisexual men in Atlanta, researchers also observed high rates of physical/sexual IPV,
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monitoring, controlling, and emotional IPV (Stephenson & Finneran, 2017b). These studies also
suggest that IPV victimization and perpetration often co-exist among SMM, indicating the need

for bidirectional investigation (Stephenson, Hall, et al., 2013).

Factors associated with I[PV among SMM

A combination of demographic, interpersonal, community, and societal factors contribute
to the risk of experiencing IPV among SMM necessitating a socioecological framework to
understand risk and protective factors (Centers for Disease Control and Prevention, 2015, 2019).
First, demographic factors including age, education and income level, race and ethnicity,
substance use and mental distress, as well as HIV status contribute to one’s risk of experiencing
IPV. Studies have demonstrated that young SMM experience higher rates of IPV (Edwards et al.,
2015; Greenwood et al., 2002; Kubicek et al., 2015a; Stults, Javdani, Greenbaum, Kapadia, et al.,
2015). A recent study among a global online sample of SMM found that men aged 18-24 years
old were more likely to report having experienced IPV in the past six months compared to those
who were 35 years old and above (Hong, Stephenson, et al., 2022). Research also suggests that
experiences of [PV are associated with lower levels of education (Greenwood et al., 2002; Wall
et al., 2014). There is evidence that racial and ethnic minority SMM were more likely to report
having experienced IPV compared to their white counterparts (De Santis et al., 2014; Finneran &
Stephenson, 2013; Gonzalez-Guarda et al., 2010). For example, Pantalone et al. (2011) found
that non-white SMM in their study reported past-year partner abuse at almost twice the rate of
white participants (51.7% vs. 28.7%, p=0.02) (Pantalone et al., 2012). In a global online sample
of SMM, those who identified as a member of an ethnic minority group reported significantly

higher rates of IPV compared to majority groups (Hong, Stephenson, et al., 2022).



Other individual factors associated with [PV among SMM are substance use and histories
of abuse (Centers for Disease Control and Prevention, 2015). Indeed, substance use was
correlated with IPV in several early studies on IPV among SMM (Houston & McKirnan, 2007;
Klitzman et al., 2000; Koblin et al., 2006; Relf, 2001). More recently, researchers have explored
the association between specific type(s) of I[PV and substance use. For instance, Duncan et al.
(2018) found that SMM who experienced physical IPV and sexual IPV victimization were more
likely to report elevated substance abuse in the preceding month compared to SMM who did not
experienced these types of [PV (Duncan et al., 2018). Another study examining [PV and
substance use risk among young SMM in New York City also found that IPV was associated
with increased odds of alcohol use, marijuana use, stimulant use, and other substance use (Stults,
Javdani, Greenbaum, Kapadia, et al., 2015). These associations may also suggest a plausible
mediating effect of ATOD use on the relationship between IPV and sexual risk behaviors and
health outcomes, which will be discussed in the following section (Stephenson & Finneran,
2017b).

Relational factors also contribute to a greater risk of IPV among SMM. While some
recent studies investigating IPV among SMM explicitly recruited partnered individuals (e.g.,
having a main partner, boyfriend, or lover), it is important to note that [PV may occur regardless
of relationship status. Relational factors include relationship conflicts such as jealousy, tension,
separation, and passive aggressiveness. Bell and Naugle (2008) argued that motivating factors
are particularly relevant within the context of IPV; anger, fear, and jealousy can all proximally
precede IPV perpetration (Bell & Naugle, 2008). Other studies also suggest that family
relationship patterns and peer interactions can also increase one’s risk of IPV (Centers for

Disease Control and Prevention, 2015). Within male couples, Finneran and Stephenson (2017)



argued that disagreements around sexual positioning, one or both partners not having disclosed
their sexual orientation, and sexual satisfaction can also contribute to violent behaviors
(Stephenson & Finneran, 2017a). In a qualitative study, Goldenberg and colleagues (2016) found
that dyadic inequalities such as differences in income, education, and “outness” —the degree to
which one discloses their sexual orientation and/or gender identity to others — could trigger [PV
among SMM (Goldenberg et al., 2016). In addition, researchers found associations between [PV
and the number of sexual partners, relationship status, and sexual agreements among SMM. One
study among SMM couples suggested that an increased number of outside sexual partners was
associated with increased odds of IPV victimization; however, this was only significant among
those with nonmongamous sexual agreements (Walsh et al., 2021). In another study, Hong et al.
(2022) found that SMM who reported being in more than one relationship or being separated but
living together were more likely to say that they experienced IPV and experienced more severe
or frequent IPV relative to those who were single or in a married or registered relationship
(Hong, Stephenson, et al., 2022).

Another group of factors associated with experiencing IPV is the settings where social
relationships occur and the environments in which SMM interact with diverse communities.
These settings include workplaces, neighborhoods, and the larger LGBT community (both in-
person and virtually) where SMM seek and/or avoid connections. An analysis of 403 SMM with
main partners illustrated the association between social network factors and the reporting of IPV
among SMM in Atlanta (Stephenson, Sato, et al., 2013). In this study, SMM having social
networks that contain more gay friends reported significantly lower rates of IPV experiences,
whereas having social networks that contain more closeted or gay friends was associated with

increased risk of both IPV victimization and perpetration (Stephenson, Sato, et al., 2013).



Another study also provided strong evidence in support of the associations between IPV and
minority stress, including discrimination, homophobia, and racism (Finneran & Stephenson,
2014b). The authors argued that SMM with closeted partners and friends may also have limited
access to larger LGBT communities and therefore lower social support and access to LGBT
specific services. These studies highlighted the powerful role of a friendly, open, and accepting
community and environment in providing multidimensional social support for SMM
relationships, which may serve as protective factors for experiencing IPV among SMM.

Finally, societal factors including structural vulnerabilities and social policies and norms
can create an environment where IPV behaviors are encouraged. The Centers for Disease Control
and Prevention suggested that these factors include the cultural forms that support violence as a
way to address conflict (Centers for Disease Control and Prevention, 2015). This also includes
economic policies that could create and maintain financial and social inequalities between social
classes in society. Numerous studies have found that structural vulnerabilities, including
unemployment, living in poverty, and financial stresses were positively associated with both IPV
victimization and perpetration (Capaldi et al., 2012; Tankard & Iyengar, 2018). These effects
were especially pronounced during the recent COVID-19 pandemic, when SMM were
particularly vulnerable to the significant negative social and economic impacts caused by the
pandemic (Santos et al., 2021, 2022). In fact, several studies investigating the impact of the
COVID-19 pandemic among SMM all had similar findings; that is, experienced structural
vulnerabilities during the pandemic were associated with experiences of IPV among this
population. A study conducted in the early phase of the COVID-19 pandemic found that
experiencing IPV victimization and perpetration was associated with having skipped meals

during the pandemic, as well as increased substance use and alcohol intake during the lockdown
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among SMM in the United States (Stephenson et al., 2021). Similarly, Hong et al. (2022) found
that SMM who reported cutting meals since the beginning of the pandemic were more likely to
report experiencing more severe or frequent IPV relative to those did not cut meals (Hong,
Stephenson, et al., 2022). In the same study, the authors also found that SMM who reported
having an income reduction of more than 20% and cutting meals since the crisis started were
more likely to say their IPV experiences were more severe or frequent relative to not
experiencing [PV (relative risk ratio=1.60, 95% confidence interval (CI): 1.21-2.10) (Hong,

Stephenson, et al., 2022).

Associations between IPV and health behaviors and outcomes among SMM

A wealth of evidence in the literature has suggested that experiences of IPV, both
victimization and perpetration, are associated with adverse physical and mental health outcomes
among SMM. For example, a systematic review and meta-analysis published in 2014 suggested
that experiencing IPV victimization was associated with reporting depressive symptoms, being
HIV positive, and engaging in unprotected anal sex (Buller et al., 2014). Despite the
methodological limitations in included studies, this article was the first and only review that
provided a coherent understanding of the associations between IPV and health behaviors and
outcomes among SMM. Since then, numerous studies across different settings continue to add to
the evidence by suggesting associations between IPV and diverse health outcomes among SMM.

The first study demonstrating the association between I[PV and sexual risk behaviors,
including unprotected anal sex, can be traced to 2000. In this study, Nieves-Rosa and colleagues
found that among Latin American SMM living in the New York metropolitan area, more than
half (51%) reported having experienced domestic violence in their relationships and

experiencing physical and sexual abuse was strongly correlated with having condomless anal sex
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(CAS) (Nieves-Rosa et al., 2000). Following these results, Kalichman et al. (2001) found that
SMM who experienced sexual coercion were more likely to report CAS and more likely to report
having CAS with two or more partners in the preceding six months, compared to SMM without a
history of sexual coercion (Kalichman et al., 2001). These early findings directed the research on
investigating the association between IPV and sexual risk behaviors in the past two decades and
researchers continue to confirm this association through empirical studies. In the same meta-
analysis, Buller et al. (2014) pooled the estimates for CAS in eight studies with a total of 4,447
SMM and found that exposure to IPV significantly increased the odds of engaging CAS (Buller
et al., 2014). A study of 1,575 internet recruited SMM across the United States documented that
men who perpetrated physical violence had twice the odds of engaging in CAS compared to
those who did not report violence perpetration (Finneran & Stephenson, 2014b). A study of 750
SMM in Atlanta showed that CAS was significantly associated with specific forms of IPV; that
is, SMM who reported experiencing recent physical/sexual IPV, or monitoring IPV had higher
odds of reporting CAS in the past six months (Stephenson & Finneran, 2017b). The co-
occurrence of [PV and CAS, may contribute to the high rates of HIV and other sexually
transmitted infections (STIs) among SMM.

To date, SMM are still disproportionately impacted by the HIV epidemic globally. In the
United States, nearly 70% of new HIV diagnoses in 2020 were among SMM who reported male-
to-male sexual contact (Centers for Disease Control and Prevention, 2020). Evidence in the
literature has a long history documenting the association between IPV and HIV infection. In
Buller’s meta-analysis, experiencing IPV was significantly associated with HIV positive status
(Buller et al., 2014). In a study of 7,844 SMM who attended the Gay Men’s Health and Wellness

Clinic for HIV and STI testing in Washington, D.C., self-reported IPV was significantly
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associated with HIV (OR:1.67, 95% CI: 1.14-2.45). A recently published article also found that
in a prospective cohort of SMM, experiencing IPV increased the risk of HIV seroconversion
(Wang et al., 2018). Similarly, studies have shown that experiencing IPV also increases the risk
of STIs other than HIV. For example, a study conducted among 817 SMM in the Chicago area
showed that SMM who experienced partner abuse reported elevated odds of STIs (adjusted
OR=1.40, 95%CI: 1.04-1.76), adjusting for sociodemographic and behavioral characteristics.
Another associated health outcome of IPV frequently reported among studies in SMM
was mental health and psychological distress, including depression, anxiety, and suicide attempts
and thoughts (Buller et al., 2014; Kazan et al., 2016). In the early review, Buller et al. only
identified three published studies investigating the associations between IPV and mental health
outcomes; these studies demonstrated a pooled odds ratio of 1.52, suggesting SMM who
experience IPV were more likely to report screening for depressive symptoms (Buller et al.,
2014). In recent years, additional studies have specifically examined the association between IPV
and psychological distress as well as other negative mental health outcomes. Davis and
colleagues (2022) found that SMM who experienced any form of lifetime IPV had roughly twice
the odds of experiencing anxiety (Davis et al., 2020). In this same study, SMM who reported
experiencing recent emotional I[PV had over 7 times the odds of experiencing anxiety. In a study
of 578 SMM from 15 cities in China, researchers found that IPV victimization was statistically
significantly positively correlated with depression (+=0.206, p<0.01), and this association was
fully mediated by higher homosexual self-stigma and lower self-efficacy (Peng et al., 2020). In
the same sample, another study showed that psychological violence perpetration was associated
with poor general mental health outcomes and significant depressive symptoms (Wei, Hou, et al.,

2020). In this study, the authors also found that both physical and sexual victimization were
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positively associated with suicidality. A study among Black/African American young SMM and
transwomen found that a history of IPV was significantly associated with lifetime suicidal

thoughts (Wilton et al., 2018).

IPV and HIV pre-exposure prophylaxis

Pre-exposure prophylaxis (PrEP) is a novel biomedical HIV prevention intervention for
people without HIV who are at risk of being exposed to HIV through sex or injection drug use.
When taken as prescribed, PrEP is highly effective for the prevention of HIV and can reduce the
risk of getting HIV from sex by up to 99% (Centers for Disease Control and Prevention, 2022).
Multiple clinical trials have demonstrated the efficacy and safety of PrEP in preventing HIV
among at-risk populations, including SMM (Baeten et al., 2012; Choopanya et al., 2013; Grant et
al., 2010; Heffron et al., 2014). In November 2010, the results of the iPrEx trial were published
showing that oral emtricitabine/tenofovir disoproxil fumarate (FTC/TDF) was safe and effective
for preventing the acquisition of HIV infection among SMM and transwomen (Grant et al.,
2010). In 2012, the U.S. Food and Drug Administration approved FTC/TDF for use as PrEP and
later in 2014, the Centers for Disease Control and Prevention also published clinical practice
guidelines for PrEP use (Centers for Disease Control and Prevention & Service, 2018). The same
year, the World Health Organization (WHO) also recommended PrEP for HIV prevention for
SMM and issued considerations for PrEP implementations at a large scale (World Health
Organization, 2015). Recent real-world studies in Australia and Scotland also demonstrated the
population-level long-term efficacy of daily oral PrEP in maintaining and reducing the overall
HIV incidence among adherent SMM (Estcourt et al., 2021; Grulich et al., 2021). To date, two
different pills are approved for PrEP use — Truvada and Descovy, and there is growing research

and evidence suggesting new methods for administrating PrEP for prevention, such as event-
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driven (or on-demand PrEP) and long-acting injectable (LAI) PrEP. Individuals now have the
ability to choose different PrEP modalities based on their preferences and frequency of potential
exposure (Beymer et al., 2019; Hall et al., 2016). Despite the high effectiveness in preventing
HIV, PrEP uptake remains low among SMM in the U.S., especially among subgroups at
substantial high risks, including racial and ethnic minorities and young SMM (Finlayson et al.,
2019; Kanny et al., 2019). Numerous studies have found that SMM experience multilevel
barriers to PrEP uptake, adherence, and persistence, including cost, concerns about side effects,
medical mistrust, experienced and internalized homophobia, and stigma (Ayala et al., 2013;
Edeza et al., 2021; Golub et al., 2013; Hubach et al., 2017; Pinto et al., 2018).

However, the role of IPV as a factor associated with PrEP uptake and persistence among
cisgender SMM is understudied in the literature and knowledge about this association is very
limited as most of the existing studies on the intersection of IPV and PrEP are among women
(Braksmajer et al., 2019; O’Malley et al., 2020; Roberts et al., 2016; T. Willie et al., 2017; T. C.
Willie et al., 2018). The first study investigating the intersection between IPV and PrEP was
published in 2018 among a sample from a U.S. national cohort of SMM with main partners. In
this study, however, instead of investigating an individual’s willingness to use PrEP, John and
colleagues explored the association between IPV victimization and one’s willingness to try to
convince their partner to initiate PrEP and their perceived importance of partner PrEP use (John
et al., 2018). They found that men who experienced IPV victimization were more likely to report
higher partner PrEP importance and had higher partner persuasion to use PrEP compared to those
who had not experienced IPV victimization (John et al., 2018). John argued that IPV might
interact in distinct ways with indicators of PrEP-related social control compared to other HIV

prevention methods, and such experiences could diminish one’s perception of shared control and
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leave survivors with the belief that sexual health is primarily an individual-level concern (John et
al., 2018). The PROUD study was a multi-center, pragmatic open label randomized control trial
evaluating the benefit of PrEP as a part of an HIV risk reduction package among SMM in the
United Kingdom (Miltz et al., 2019). In this study, the researchers found that SMM who were
seeking/taking PrEP may experience high rates of IPV and it was likely linked to depression. But
the study did not evaluate the association between IPV and any PrEP-related outcomes such as
PrEP adherence (Miltz et al., 2019). Similarly, a study in Brazil assessing syndemics among
participants enrolled in a PrEP demonstration study also found that IPV was among the syndemic
conditions among SMM but did not evaluate the impact of IPV on their PrEP related outcomes
(De Boni et al., 2018).

The first study sought to understand the relationship between IPV and PrEP utilization in
the U.S. was conducted by Braksmajer et al, who analyzed data from a nationwide online sample
of 863 SMM via a cross-sectional survey (Braksmajer et al., 2020). The “PrEP-AWARE” project
utilized a validated IPV scale — the IPV-GBM scale (Stephenson & Finneran, 2013), to assess the
effects of different types of IPV on PrEP use. The results showed a high prevalence of recent
(prior 6 months) IPV among the study sample, and SMM who experienced emotional IPV,
monitoring IPV, and forced sex were less likely to use PrEP than SMM who did not report these
forms of IPV, while SMM who reported experiencing controlling behaviors by their partner were
more likely to use PrEP. They did not find any statistically significant associations between
physical IPV and PrEP use (Braksmajer et al., 2020). Another study conducted exclusively
among Black SMM in several cities including Baltimore, Maryland and Jackson, Mississippi
found that 40% of the Black SMM experienced some form of IPV in their lifetime and physical

IPV was inversely associated with current PrEP uptake (adjusted prevalence ratio: 0.35, 95% CI:
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0.13-0.90) (Wirtz et al., 2022). Similar to John’s article in 2018, Kahle et al. (2020) examined
perceived partner support of PrEP use among 659 SMM in the U.S. and found that although a
high percentage of SMM perceived their partners to be supportive of their PrEP, those who
reported their partner would NOT support them to use PrEP were more likely to report
experiencing [PV (adjusted OR: 1.19, 95%CI: 1.05-1.36). A study in China also showed that
sexual IPV perpetration was negatively associated with the overall willingness to use PrEP in
both unadjusted and adjusted models (Guo et al., 2022). A recent study also further explored the
relationships between different forms of I[PV and preferences for PrEP modes of delivery.
Among a sample of 694 sexually active SMM, Stephenson et al. (2022) found that SMM who
reported experiencing physical IPV preferred pill-based PrEP, whereas men experiencing
monitoring IPV preferred LAI PrEP. While men who experienced emotional IPV prefer not to
use pill-based PrEP, experiencing sexual and controlling IPV was not sufficiently associated
with any PrEP modality preferences (Stephenson et al., 2022). In Guo’s study, experiencing
different forms of IPV was associated with willingness to use different modes of PrEP delivery
as well: that is, any forms of IPV perpetration was negatively associated with the willingness to
use daily oral PrEP (AOR: 0.65, 95%CI: 0.43-0.94) while experiencing emotional, controlling,
and monitoring IPV victimization were inversely associated with willingness to use LAI PrEP
(Guo et al., 2022). However, to date, no study has examined the underlying mechanisms between

the experiences of I[PV and PrEP utilization among sexual minority men.

Technology-based intervention for health promotion and disease prevention
In the past decade, electronic health and mobile health technologies, collectively referred
to as technology-based interventions (TBIs) have grown exponentially in health care and health

promotion (Pagliari et al., 2005). These interventions include but are not limited to analyzing
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patient’s electronic health records for disease management, disseminating health information on
popular social media platforms, monitoring sleep duration and blood pressure through wearable
devices, and using internet-based chatrooms for remote counseling (Iribarren et al., 2021). These
TBIs have several key features that provide them with advantages over traditional health
promotion interventions, including the ability to reach a broader range of communities and
individuals across diverse contexts in a short timeframe, provide consistent services over long
physical distances, and potential cost-effectiveness if it was well-designed. Such approaches
have been widely used in HIV prevention and care among SMM globally. More recently,
researchers started to explore the potential of analyzing the data on social media and health
records to predict health behaviors and outcomes among vulnerable populations for just-in-time
feedback and services, such as using data science and machine learning approaches. This next
section will first provide an overview of the literature related to TBIs for HIV prevention and
care among SMM, followed by a presentation of applying TBIs for IPV prevention and the
rationale for utilizing a machine learning approach to predict IPV risks in light of existing

literature.

TBIs for HIV prevention and care among SMM

Novel technology developments create an existing opportunity for health promotion
along the HIV care continuum (Simoni et al., 2015). These strategies provide opportunities to
reach and engage key populations such as SMM across the HIV testing, treatment, care and
medication adherence cascade (Muessig et al., 2015). An early review of recent smartphone,
internet, and Web 2.0 interventions to promote HIV care and prevention interventions found that
there was an overall trend of using new tools including social networking sites, provision of real-

time assessment and feedback, gamification and virtual reality functions to provide consistent
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delivery of interventions and to be potentially low cost once developed and tested (Muessig et
al., 2015). A more recent review of electronic and other new media technology interventions for
HIV care and prevention provided an overview and collection of TBIs in the published literature
as well as unpublished interventions that were still in development from 2014 to 2018 (Maloney
et al., 2020). In this review, Maloney and colleagues found a robust collection of TBIs that
targeted various points of the HIV care and prevention continua, especially for young SMM. For
example, the myDEx project was a study of online delivered HIV/STI prevention intervention
for young SMM to develop skills in dating and relationship building while reducing their risks
for HIV/STI through personalized content (Bauermeister et al., 2017). Similarly, MyPEEPS
tested the efficacy of a mobile-delivered HIV prevention intervention among a national
longitudinal cohort of 13-18 years old SMM (Kuhns et al., 2020). The mobile intervention
consists of 21 online psychoeducational and skill-building modules, which young SMM
completed over a 3-months period and their results suggested that the intervention reduced short-
term sexual risk behaviors significantly (Schnall et al., 2022). Many more examples can be found
in Maloney’s review, suggesting the increase and popularity of using TBIs and the online
platform to deliver HIV prevention interventions among SMM. Indeed, these technology- or
internet-based interventions and services could provide accurate and updated information on
where one can get tested for HIV, schedule remote doctor and nurse appointments, order
laboratory tests, and offer educational materials in attractive visual and video formats to promote
behavior changes. Another strength of these interventions is that they can be changed and
updated rapidly (Maloney et al., 2020).

However, this review also identified critical gaps in the literature; that is, published

literature has a strong emphasis on education and behavior change over linkage to HIV care,
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retention in care, and adherence. However, they did not find any intervention to support PrEP
adherence and persistence among SMM or any PrEP users. Despite the several studies published
on promoting PrEP uptake and adherence after the review was conducted such as the UPrEPU,
PrEPSteps, and AMPrEP projects (Chai et al., 2021; Strong et al., 2020; van den Elshout et al.,
2021), the effectiveness of each intervention was still unknown. In addition, a majority of these
interventions were not theory-based or evidence-based, and very few had integrated user
experiences and perspectives into the design and development of the services. Therefore, the
acceptability, appropriateness, and feasibility of these interventions in real-world settings are

unknown.

TBI for IPV prevention

Technology-based health interventions and promotions are increasingly used in health
programming and illness management including cardiovascular disease, diabetes, medication
adherence, and HIV prevention and care (Bonoto et al., 2017; Iribarren et al., 2021; Linn et al.,
2011). In the past few years, some evidence-based interventions have been adapted and utilized
for IPV prevention as well (Anderson et al., 2021). Existing TBIs to reduce IPV include novel
strategies and delivery methods adapted from other evidence-based interventions for online and
internet service delivery, including mobile app-based features for IPV screening and risk
assessments, educational information dissemination to prevent primary and secondary injuries of
individuals at high risk of victimization, and using email-embedded software for victim-therapist
text communications (Anderson et al., 2019). Emerging literature also suggests that compared to
traditional human-delivered IPV services in health care settings, computerized self-paced IPV
prevention interventions have been found more effective in identifying and addressing I[PV

among individuals who experience violence (Nelson et al., 2012).
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For example, the SURE (Strength for U in Relation Empowerment) tested a randomized
controlled trial of a computer-based brief intervention for perinatal women seeking mental health
treatment (Zlotnick et al., 2019). The intervention used theory-driven approaches consistent with
motivational interviewing (MI) principles, with a computerized intervention delivered on a tablet
for a 6-month postpartum. The intervention aimed to promote participants’ readiness to utilize
IPV resources, such as using I[PV hotlines, remaining in mental health counseling and services,
and openly talking to health care providers and nurses about IPV experiences and resources. The
results of the study showed that among the study participants, the degree of IPV decreased
significantly from baseline to the 4-month follow-up in the intervention group, and there was a
significant reduction in emotional abuse for SURE participants relative to participants in the
control arm (Zlotnick et al., 2019).

Another study that reported promising results using technology-based intervention for
reducing IPV victimization was conducted by Gilbert and colleagues in New York City (Gilbert
et al., 2016). The study had 3 different arms, (1) the computerized women on the road to health
(computerized WORTH), (2) traditional IPV and HIV prevention materials but not delivered by
computer (traditional WORTH), and (3) a wellness promotion control group. The computerized
WORTH intervention contained 4 group sessions intervention with interactive computerized
games, video demonstrations, and visual tools for participants to engage independently. The
intervention lasted for a year and the primary study outcomes were physical, sexual, and
injurious IPV victimization in the previous 6 months among the study participants. The final
results of the study showed that the computerized WORTH participants reported a significantly
lower risk of physical IPV victimization, severe injurious IPV, and severe sexual victimization at

12-months follow-up compared with individuals in the control arm. In addition, the researchers
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did not find a significant difference between the traditional WORTH arm and the control arm,
suggesting the efficacy of the computerized intervention delivery (Gilbert et al., 2016). Similar
study in the literature include using internet-delivered cognitive behavior therapy incorporating
emotional regulation and conflict resolution techniques on I[PV (Hesser et al., 2017), web-based
safety decision aid for individuals to reduce IPV exposures (Koziol-McLain et al., 2018), and use
tablet/devise-based [PV assessment tools emergency rooms and clinics for IPV screening (Choo
et al., 2016), all of which emphasized the importance of service delivery modalities for IPV
prevention and highlighted the advantages and potential feasibility of utilizing TBIs and the
internet to facilitate this process.

However, despite the potential feasibility of prevention of IPV and delivering I[PV
services, these web-based and technology-based interventions are not fully used in preventing
IPV among other at-risk populations including SMM. In fact, a recent systematic review
published in 2021 identified 31 studies of 28 unique web-based and mHealth IPV prevention
interventions in the past three decades, none of these interventions was designed for SMM
(Anderson et al., 2021). Given the advantage of TBIs for IPV prevention and services among
women and the high acceptability of receiving internet- or mobile app-based interventions for
health promotion among SMM, there is a pressing need to design, test, implement, and evaluate
such TBIs to prevent violent behaviors among and provide IPV-related services among SMM
who experience or at high-risk of IPV victimization.

There are several potential benefits of utilizing TBIs for IPV prevention among SMM,
especially in reducing barriers to help-seeking. Liang et al. (2005) suggest that there are three
non-linear stages of [PV help-seeking: problem recognition and definition, decision to seek help,

and selecting support. Previous research found that many men who experienced IPV did not

22



realize or acknowledge the fact that the behaviors they were experiencing were violent or
abusive (Freeland et al., 2018; Merrill & Wolfe, 2000; Ollen et al., 2017), which indicates the
low awareness and limited understanding of this problem. TBIs can be a platform for SMM to
receive educational information and knowledge through day-to-day life, given that many SMM
are active users of many popular social networking mobile apps and websites. This could also
potentially increase the confidence in recognizing this problem, given that many suggested
another barrier to IPV help-seeking is the challenge to masculinity. Many SMM hesitate to seek
help even when experiencing severe physical and sexual abuse by the partners because of the
fear of disclosure to formal helpers such as their providers and mental health counselors, or don’t
know where to find help (Calton et al., 2016; Huntley et al., 2019). Many suggested their
concerns about privacy and confidentiality (Huntley et al., 2019). Mobile apps and social media
platforms have the potential to provide immediate and confidential access to health and
community [PV resources and increase privacy and anonymity. IPV victims and survivors are
often isolated by their partners (Capaldi et al., 2012), and have limited social support and
friendships, but the increasing access to the Internet provides an avenue to search for information
and report the experiences of abuse (Anderson et al., 2019). Lastly, many existing interventions
for IPV prevention and services rely on a one-size-fits-all approach in community and healthcare
settings, which limits the adaptability to a broader population and individuals with specific needs
or who face particular barriers (Messing et al., 2015). Programs and interventions on technology-
and internet-based platforms can be easily changed and adapted to meet culturally specific needs

and requests based on user’s preferences.
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Data science and machine learning approach to predict IPV

A major gap in the literature and challenge in practice for IPV services among cisgender
SMM is to identify who are experiencing IPV or at substantial risk of IPV. This is due to both
the underreported rates of experiencing IPV and the methodology applied in screening for IPV.
As presented previously, SMM in general were hesitant to report their experiences of IPV due to
various reasons such as low awareness, fear of disclosure, and fear of being judged. Therefore, it
is very likely that the actual prevalence of IPV, in both victimization and perpetration was higher
than the existing reports. In fact, epidemiological reports suggested that IPV is much more likely
to be underreported among men compared to women (Black et al., 2014; Carmo et al., 2011;
Dicola & Spaar, 2016). Besides, most of the quantitative studies in the literature collected I[PV
data through self-reported survey and questionnaire, which was subject to social desirability bias
and recall bias (Burge et al., 2014). In addition, measurements of I[PV among SMM were found
inconsistent in a recent systematic review, with studies using a variety of invalidated scales
assessing IPV across different recall periods (Liu et al., 2021). Therefore, it is critical to
developing new strategies to identify SMM who experience IPV through new advanced
methodology and deliver prevention and care services accordingly.

In recent years, there has been a growing trend and recognition of using data science,
especially machine learning and data mining approaches to understand health behaviors and
predict health outcomes. For example, researchers use health care industrial data to predict and
detect cardiovascular disease using various combinations of data mining techniques and mining
algorithms (Learning, 2017). Another study in South Carolina applied machine learning methods
to electronic health record data to identify important predictors of increased comorbidity burden

among people living with HIV and found a promising high accuracy (Yang et al., 2021). Other
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examples include applying artificial intelligence (Al) and machine learning in diagnosing
tuberculosis (Meraj et al., 2019) and facilitating orthopedic surgery (Maffulli et al., 2020). The
advantages of these approaches include flexibility and scalability compared to traditional
statistical methods, and the ability to analyze diverse data types including demographic data,
laboratory findings, free text messages, and imaging data (Ngiam & Khor, 2019). Numerous
studies have demonstrated that machine learning methods perform better with higher accuracy
and fewer input data structure restrictions than traditional logistic regressions (Crown, 2015;
Doupe et al., 2019). Once the models are developed and verified, they can be easily adapted to
other health outcomes predictions with high efficiency and cost-effectiveness (Ngiam & Khor,
2019).

There are several studies published using these approaches to predict health outcomes
and behaviors exclusively among cisgender SMM. For example, researchers constructed
prediction machine learning models to predict SMM at high risk of HIV acquisition and
identified potential PrEP candidates using the electric health record in North California (Marcus
et al., 2019). Another study also showed their machine learning approaches had high accuracy in
predicting HIV and STIs including syphilis, gonorrhea, and chlamydia among Australia SMM,
and consistently outperformed multivariable logistic regression models (Bao et al., 2021). Jing
and colleagues (2021) also built and trained four machine learning models (logistic regression,
support vector machine, decision tree, and random forest) to identify key influencers to engage in
secondary HIV self-testing kits distribution (Jing et al., 2021). A more recent study sought to
leverage social media activities and machine learning for HIV and substance use risk among
SMM also found that offline HIV, amphetamine, and methamphetamine use were correctly

identified using only social media data, with machine learning models obtaining F1 scores of
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82.6%, 85.9%, and 85.3%, respectively, and these results were further verified through
biological testing (Ovalle et al., 2021). This study was unique because the researchers utilized
social media posts and activities through social networking apps and websites provided by the
study participants with no additional costs. Population-based investigations and analyses, as well
as in-person interventions are costly, both in time and resources (Pagoto et al., 2016). Using
existing social media data for analyses and social media platforms for service delivery can not
only reduce the cost, but also provide important data for just-in-time adaptive interventions
(Platteau et al., 2020).

Social media activities, such as posts and discussions on Twitter, Reddit, Facebook, and
dating apps, provide textual narratives at a personal level details but among a population level
coverage that is larger than normal surveys (Homan et al., 2020). These activities are
communication tools for individuals to express their attitudes and beliefs, seek information and
options, and interact with each other to initiate offline social networks (Al-Garadi et al., 2022).
Recently, researchers started to analyze these massive and subjective data to predict human
behaviors and health outcomes, such as alcohol, tobacco, and other substance use, mental
distress, and other disease outbreaks (Chancellor et al., 2019; Marczinski et al., 2016; Saha et al.,
2022; Schmidt, 2012). However, knowledge on applying machine learning approaches or
utilizing social media data and activities to predict the risk and experiences of IPV is limited in
the literature. For instance, Petering et al. (2018) built several supervised machine learning
algorithms to construct an IPV perpetration tool to identify individuals who were at high risk of
IPV perpetration among young individuals who were homeless (Petering et al., 2018). Another
study using a machine learning approach to predict IPV risks was conducted by Dehingia and

colleagues (2022). In this study, the researchers use two machine learning models (L-1 and L-2
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regularized logistic regression models) to identify IPV risks among women among more than
6000 variables in the nationally-representative health survey conducted in 2015-16 (Dehingia et
al., 2022). The results suggested that several themes were associated with help-seeking
behaviors, including the husband’s controlling behavior, the husband’s alcohol consumption
history, and experience of injury from violence.

More recently, Al-Garadi and colleagues (2022) published a first-of-its-kind study using
natural language processing and machine learning to identify IPV-related posts on Twitter
automatically (Al-Garadi et al., 2022). The study team first downloaded tweets containing a list
of IPV-related keywords using Twitter’s application programming interface, and then manually
coded each tweet into IPV-reported and non-IPV reported posts by four annotators. They then
investigated several different approaches and evaluated the performance of these models to
identify IPV-related tweets based on the annotated results. These models include traditional
machine learning algorithms (decision tree (DT), support vector machine (SVM), neural
networks (NN)), and more advanced algorithms such as deep learning-based algorithms such as
bi-directional long short-term memory (BiLSTM), and two transformer-based models:
Bidirectional Encoder Representations from Transformers (BERT) and Robustly Optimized
BERT (RoBERT?a). In the results, the RoOBERTa produced the best performance compared to
other models, such as 95% accuracy, and F; scores of 0.76 and 0.97 for classifying IPV-related
tweets and non [PV-related tweets, respectively. These findings suggested that the models built
can accurately identify [PV related-tweets at a high accuracy level, which is almost comparable
to human annotators based on their practice (Al-Garadi et al., 2022). These systems have the
potential to be employed for collecting and analyzing IPV experiences and risks using publicly

available social media data at a population level. This could be a particularly promising method

27



and system to predict IPV experiences and risks among SMM, given that SMM prefer to seek
informal help and resources such as sharing the experiences with their friends, and many prefer
not to to mention and discuss IPV with their providers directly. Therefore, the machine learning
approach and natural language processing algorithms can be potentially effective in detecting
IPV experiences in social media and dating apps among SMM. Given the high prevalence of [PV
and limited knowledge in this field, there is a pressing need to build, test, and verify these
machine learning models and algorithms in social media platforms and social networking sites to

predict [PV-related risks and deliver IPV services accordingly.
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CHAPTER 3: THEORETICAL FRAMEWORK

This section outlines the theoretical and conceptual frameworks to understand the
vulnerability to intimate partner violence (IPV) among young SMM and to guide various aspects
of the current study, including how experiencing [PV can exacerbate HIV risk and create barriers
to prevention services like pre-exposure prophylaxis (PrEP).

First, I review the conceptual model by Kubicek (2018), which highlights the
intersectionality of age, sexual identity, and gender that relate to IPV among young SMM and
how these factors combine to impact victimization and perpetration of I[PV among young SMM.
The Minority Stress Theory, which places particular importance on the roles of both internal and
external minority stressors on individual health behaviors and outcomes, provides a theoretically
grounded rationale for the identification of multilevel risk factors of IPV among SMM. The
Syndemic theory, which suggests considering multiple interrelated systems that contribute to
heightened vulnerability when examining health disparities, will be used to understand the
multilevel vulnerabilities, both socio-behavioral and psychological factors that contribute to high
levels of IPV and the way it impacts risk for HIV infection among SMM. The following chapter
provides a brief overview of each theory and an explanation of how each theory will be applied
to research questions and the specific hypothesis.

Understanding intimate partner violence among young SMM requires consideration of
intersectionality of age, sexual identity, and gender and how these unique factors work together
create a unique spectrum of vulnerabilities. In a previous review article, Kubicek synthesized the
literature on research investigating IPV among young SMM and proposed a conceptual model to
highlighted the factors that could contribute to the elevated risk of IPV among young SMM

(Kubicek, 2018). Kubicek applied an intersectional approach, considering the convergence of
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various forms of oppression, and argued that the experiences of being a young non-heterosexual
man must be understood holistically rather than individually. In this model, Kubicek argued that
people oftentimes experience various types of privilege and subordination based on their class,
race, gender and sexuality, and young SMM reside within three major domains, including (1)
being in the developmental period of emerging adulthood, during which some of the highest risk
and violent behaviors occur, (2) identifying as a sexual minority and often experiencing social
discrimination and health disparities related to mental health, substance use, and HIV and other
STIs, and (3) gender identity, which may involve conforming to or rejecting traditional notions
of masculinity and facing unique pressures and stigmas related to both their gender expression
and sexual orientation (Kubicek, 2018).

Kubicek's model proposes that the intersection of age, sexual orientation, and gender,
along with factors like discrimination, homophobia, relationship status, and legal frameworks
around marriage, as well as societal attitudes towards violence among men, collectively shape
the dating and sexual norms within relationships among young men who have sex with men
(YMSM). (Kubicek, 2018). Their model highlights several factors that cannot be overlooked for
HIV prevention among young SMM. First, socio-cultural inequality and discrimination (such as
inequalities in gay rights) continues to shape young SMM’s relationships and SMM may have
been conditioned to defend themselves because of these social views (Diaz et al., 2004; Diaz &
Ayala, 2001). The lack of positive role models for healthy and fulfilling intimate relationships
among young SMM often leads them to emulate relationship dynamics observed in their parents,
friends, and other adults, which may not always the “healthiest images” (Kubicek, 2018). In
addition, the socially constructed ideals of manhood, coupled with the social learning process of

attaining such ideals and conforming to gender roles, influences how young SMM choose to
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adopt assertive and sometimes aggressive behaviors in pursuit of power and status. Finally,
consistent with previous reviews of the literature (Buller et al., 2014; Finneran & Stephenson,
2013), Kubicek also underscore the associations between experiencing IPV and adverse health
and mental health outcomes among young SMM (Kubicek, 2018), and highlighted the
opportunity for integrated IPV interventions that address other health disparities such as HIV and
substance use.

Next, the Minority Stress Theory is a theoretical framework that examines the effect of
individual, social, and contextual factors on health outcomes among the minority populations
(Meyer, 2003). Meyer proposed this framework in a study describing stress as derived from
minority status and exploring its impact on mental health among a community sample of gay
men in New York City (Meyer, 1995). In this study, Meyer conceptualized minority stressors
among gay men as internalized homophobia, stigma, and experiences of discrimination and
violence based on their sexual orientation:

“Minority stressors were conceptualized as: internalized homophobia, which related to
gay men’s direction of societal negative attitudes toward the self; stigma, which related to
expectations of rejection and discrimination; and actual experiences of discrimination and
violence.” (Meyer, 1995).

In this model, minority status and identity, for example, sexual and gender minority status
experienced by sexual and gender minority individuals create a context for distal and proximal
experiences of these minority stresses. In this regard, these minority stressors, in combination
with the general stressors, could lead to adverse health outcomes such as psychological distress
(Lytle et al., 2014; Meyer, 2003). This process, however, can be influenced by the degree to

which minoritized individuals process individual and community resources and support, such as
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self-coping skills and LGBTQ community connectedness, where these individual strengths and
interpersonal supports could neutralize the negative effects of the minority stressors and create
positive self-esteem and resilience.

Numerous studies have used the Minority Stress Theory to explain the high levels of
psychological distress and high prevalence of mental illnesses such as depression and anxiety
symptoms among SMM across the globe (English et al., 2018; Fingerhut et al., 2010; Fulginiti et
al., 2021; Pachankis, 2014; Ramirez & Paz Galupo, 2019; Schwartz et al., 2016, 2016; Zheng et
al., 2020). A recent systematic review of studies summarizing the evidence in the literature found
that higher levels of minority stressors were associated with lower self-acceptance, and these
minority statuses were associated with poorer mental health outcomes (Camp et al., 2020). A
meta-analysis also illustrated the strong correlation between minority stressors and adverse
mental health and well-being among LGBT youth (Diirrbaum & Sattler, 2020). In addition,
robust evidence in the literature also suggested that higher levels of minority stressors were
associated with poorer biological health outcomes. For example, a systematic review of literature
on the relationship between minority stressors and physical health outcomes found that there was
evidence that experiences of minority stress were associated with a variety of physical health
outcomes including HIV-related laboratory outcomes, treatment side effects, and AIDS-related
mortality, changes in cardiovascular function, cortisol, and cancer incidence and treatment side
effects (Flentje et al., 2020).

In the past few years, studies have used the Minority Stress Theory to explain minority
stressors, such as perceived and experienced stigma and homophobia, and their associations with
experiencing IPV or the increased risk of [PV among SMM. For example, in a study among

1,575 gay, bisexual, and other sexual minority men in the U.S., Finneran and Stephenson (2014)
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conceptualized minority stressors as homophobic discrimination and internalized homophobia
and found that SMM who reported experiencing more internalized homophobia and more
homophobic-based discrimination were more likely to report having experienced IPV (Finneran
& Stephenson, 2014b). In another study led by the two, they also found significant associations
between IPV perpetration and minority stressors among 750 SMM living in Atlanta, with most
types of IPV perpetration were linked to higher levels of internalized homophobia (Stephenson
& Finneran, 2017a). This analysis also revealed the positive associations between experienced
racism and IPV victimization & perpetration among their study participants. In addition, other
general minority stressors including low educational attainment and being HIV positive also
contributed to higher rates of reported IPV (Stephenson & Finneran, 2017a).

In order to understand the risk of intimate partner violence and its impact on health
behaviors and health outcomes among SMM, a holistic perspective is needed, especially when
multiple vulnerabilities and conditions co-exist simultaneously. Therefore, the Syndemic Theory
was employed in the present study. The Syndemic Theory suggests that co-occurring
psychological, social, and structural health conditions such as substance use, mental health
problems, poverty, history of incarceration, and other vulnerabilities are mutually reinforcing and
could further exacerbate the risk of adverse health behaviors and outcomes, such as HIV/AIDS
(Singer et al., 2017). The term Syndemic, merged by the two words, synergy and epidemic, was
first proposed by an American medical anthropologist, Merrill Singer in the 1990s (Singer,
1994). It was first described by Singer to explain how the HIV epidemic influenced the inter-city
residents of Harford, Connecticut, in the U.S.:

“Syndemics are defined as the aggregation of two or more diseases or other health

conditions in a population in which there is some level of deleterious biological or behavioral
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interface that exacerbates the negative health effects of any or all of the diseases involved”
(Singer, 2009; Singer et al., 2017).

Singer suggested that the local (Harford, Connecticut) HIV epidemic could not be
understood in isolation. Instead, it had to be examined in a holistic view with the local epidemics
of substance use and violence (Singer, 1994). He proposed the “SAVA” syndemic (substance
abuse, violence, HIV/AIDS) to explain how these health behaviors and outcomes were mutually
intertwined and mutually reinforcing of one another. This is, to some extent, similar to Meyer’s
Minority Stress Theory that when individuals belong to multiple minority groups (e.g., sexual
and gender minority, racial and ethnic minority, being HIV positive, etc.), the negative
consequences of belonging to these groups from external stressors are additive. Collectively with
general stressors such as poverty, and low educational attainment, these co-existing stressors
may lead to adverse health outcomes (Meyer, 2003).

In the past decade, the syndemic framework has been widely used by researchers in
various disciplines such as medicine, psychology, sociology to understand health disparities
(Choi et al., 2020; Mendenhall et al., 2022; Peters et al., 2020, 2020; Slagboom et al., 2021). In
clinical medicine, researchers have used the Syndemic theory to examine how populations with
multiple social and structural vulnerabilities in the U.S. are more likely to be impacted by the
COVID-19 pandemic (BCompH, 2021; Gravlee, 2020; Islam et al., 2021; Poteat et al., 2020);
When examining mental health disparities, the Syndemic Theory has been used to explain the
disproportionately high rates of depression, anxiety, stress, and suicidality among communities
and individuals with social and economic vulnerabilities (Mezzina et al., 2022; Shim & Starks,

2021; Weaver & Kaiser, 2020).
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Similarly, the evidence of these syndemics and their impact on HIV-related outcomes
among sexual minority men in the U.S. have also been well established in the literature (Godley
& Adimora, 2020; Holloway et al., 2021; Parsons et al., 2012, 2015, 2017; Walters et al., 2020).
In a review using the syndemic framework in HIV research among African Americans, Godley
and Adimora (2020) found valuable insights into links between HIV-related outcomes, mental
health, experiences of violence, and substance use, and found that the syndemic framework not
only explains synergistic individual-level risk factors for these outcomes, but it also examines the
interactions with economic, political, and social systems that influence those factors and thereby
shape the HIV epidemic among African Americans (Godley & Adimora, 2020). In a national
sample of SMM, Parsons et al. (2017) found that over 60% of men reported at least one
syndemic condition including depression, childhood sexual abuse, polydrug use, sexual
compulsivity, and the number of syndemics were significantly higher among nonurban SMM,
and increased number of syndemic conditions were associated with increased HIV transmission
risk behaviors (Parsons et al., 2017). Holloway and colleagues (2021) found that Black SMM
living with HIV experience multiple structural syndemics including poverty, criminal justice
involvement, depression, and alcohol misuse, and each point increase in structural syndemic
indicators was associated with 1.63 times greater likelihood of having missed a dose of
antiretroviral therapy medications (Holloway et al., 2021). Taken together, these studies confirm
that syndemic conditions interact synergistically and sometimes occur in clusters and the co-
existence of these conditions contributes to an excess burden of disease or negative health
outcomes in a population.

The existing literature demonstrates the utility of the Syndemic Theory in understanding

the risk of [PV and its interactions with HIV/AIDS, substance use, and mental health problems
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among cisgender female and heterosexual women (Cordoba et al., 2021, 2021; Gonzélez-Guarda
et al., 2011; [llangasekare et al., 2013; Jiwatram-Negron et al., 2018; Laurenzi et al., 2020;
Sharps et al., 2021; Sileo et al., 2022; Stoicescu et al., 2019); however, the Syndemic Theory has
rarely been applied to understand the experiences of IPV and its impact on health outcomes, and
particularly on how these interactions place great barriers to IPV help seeking among SMM.

In conclusion, these two theoretical frameworks, the Minority Stress Theory and the
Syndemic Theory were employed in the present study to help explain the experiences of IPV
among SMM and how syndemic conditions may place great barriers to HIV prevention service
utilization. While the present study did not test either of the theory, this research is meant to
inform future IPV prevention and service intervention efforts with SMM. Social Work
researchers and practitioners seeking to understand the experiences of IPV must consider the
unique barriers one might come across when SMM seek help, and design, test, implement and
evaluate novel I[PV prevention interventions and services that could reduce and avoid the

structural barriers.
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CHAPTER 4: RESEARCH METHODS

Study design and recruitment

Data for the present study were derived from the Phase 2 of the study entitled “uTECH:
Machine Learning for HIV Prevention Among Substance Using GBMSM” (hereafter: uTECH,
Principal Investigator: Holloway). The uTECH study is a National Institute on Drug Abuse
(NIDA) funded study of utilizing a novel Machine Learning approach to promote HIV
prevention and harm reduction service utilization among substance using young sexual and
gender minorities who have sex with men and use substances in the U.S. (Holloway et al., 2024).
The intervention aims to reduce HIV transmission by improving access to biomedical and
behavioral risk reduction strategies, including pre-exposure prophylaxis (PrEP) for HIV
prevention and medication assisted treatment (MAT) for substance use harm reduction, using
smartphone technology. Eligibility criteria for the Phase 2 study included (1) being age 18 — 29
by study enrollment, (2) having used substances (such as marijuana, poppers,
methamphetamines, heroin, cocaine ecstasy, etc.), (3) having had sex while using substances in
the past 3 months, (4) being HIV negative or of unknown HIV status, (5) using a social
networking site or app for substance use and sexual partner seeking in the past 3 months, (6)
living in the U.S., and (7) being able to provide informed consent. For the current study, only
individuals who reported as cisgender gay or bisexual men were included.

The uTECH study Phase 2 utilized both online and offline community outreach
recruitment strategies to enroll participants between 10/2021 and 05/2023. Advertisements were
posted on a list of social networking websites and dating/hook-up apps including Facebook,
Instagram, Grindr, etc. Research staff also distributed flyers with study information at

community events and organizations. Potential participants were instructed to scan the QR code
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or click the link on the website to access the study screening page with a brief study introduction
and screening questions. The screener collected data related to the study eligibility criteria;
screening data were only accessible to study staff. Eligible participants were directed to a web
page to establish informed consent with information about study design, enrollment, procedures,
and compensation. Study staff reached out to eligible participants to schedule enrollment and
onboarding appointments. Participants completed a baseline survey with a trained interventionist
during the onboarding appointment. Eligible participants in the uTECH Phase 2 study received
up $350 in web-based cash payment (i.e., PayPal Holdings Inc, Venmo LLC, and Cash App by
Square Inc) or e-gift cards. All information and identification were removed, and only study-
related is stored in Qualtrics. A complete description of the uTECH study protocol was presented

elsewhere (Holloway et al., 2024).

Data Collection and Procedure

All study data were collected through Qualtrics-based surveys and social media activities
and data mining including keystrokes and geolocation information. The following section
outlined different types of data that were collected for the present study and the procedures for
working with these data to address research hypotheses. During onboarding, study participants
were instructed to complete a comprehensive baseline survey with an interventionist. A trained
research staff member reviewed the survey with the participants, which takes approximately 30
minutes to complete. The survey asked about participant’s sociodemographic information
including age, education level, income level, relationship status, etc., health behaviors including
sexual behaviors and substance use histories, and sexual health service utilization such as
histories of HIV testing, STI testing and diagnoses, PrEP and PEP uptake and adherence, and

experiences of I[PV and PrEP stigma using previously validated scales. The survey instruments
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were in English, and some interventionists, who were bilingual and can speak fluent Spanish if
the participants preferred to communicate in Spanish.

A variety of social media activities and data were collected through social networking
platforms and dating/hook-up apps among the participants. Specifically, participants using
Android system smartphones were asked to download and install an app called “eWellness” on
their phone, which remains active and collect data for 12 months during the study period. The
“eWellness” app was created and utilized in previous studies (Ovalle et al., 2021). The app
collects information including keystrokes (letters and numbers typed into the phone’s keyboard),
the name of the app used when typing in an app, the name of the website when the user is typing,
and the geolocation (i.e., GPS) when these activities are recorded. Videos, voice, accelerometer,
contacts, screen time tracking, and other personal private information were not collected. After
installing the eWellness app, participants were instructed to keep it running in the background to
continuously collect their keyboard and location data for the duration of the study. Along with
capturing keyboard data when participants typed, the app also recorded which application they
were using or, if they were browsing, which website they were on. The app sent these collected

data to a secure server every half an hour when internet connection was enabled.

Measures
Intimate partner violence. Experiences of IPV among the study participants were
measured using the [IPV-GBM scale. The IPV-GBM scale was developed and adapted by
Stephenson from the Conflict Tactics scale to measure IPV victimization and perpetration more
accurately among GBMSM (Stephenson & Finneran, 2013). The IPV-GBM assessed five unique
domains of IPV: (1) physical and sexual IPV (e.g., “[partner] punched, hit, or slapped you?,”

“[partner] raped you?”), (2) emotional IPV (e.g., “[partner] told you to ‘act straight’ around
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certain people?,” “[partner] called you fat or ugly?”), (3) controlling IPV (e.g., “[partner]
prevented you from seeing your family?,” “[partner] prevented you from seeing your friends?”’),

9 <6

(4) monitoring IPV (e.g., “[partner] demanded access to your email?,” “[partner] read your text
messages without your knowledge?”), and (5) HIV-related IPV (e.g., “[partner] lied to you about
his HIV status,” “[partner]intentionally transmit HIV to you?”. The scale was asked in two parts:
whether the participants have experienced any of these acts from a male partner in the past 12
months and the frequency (victimization), and whether participants have enacted any of these
acts toward a male partner in the past 12 months and frequency (perpetration). The scale has
been used widely to measure IPV prevalence among SMM in recent years and studies have
showed high internal consistency (Liu et al., 2021; Peng et al., 2020; Stephenson et al., 2021;
Walsh et al., 2021; Wei, Cao, et al., 2020; Wei et al., 2021).

PrEP uptake and adherence. Participants were asked about their history of engagement
along the PrEP care continuum. First, participants were asked if they had heard of PrEP with the
following question: “Have you ever heard of PrEP (pre-exposure prophylaxis)? This is an HIV
prevention method in which people who don’t have HIV take HIV medicine daily to reduce their
risk of getting HIV if they are exposed to the virus. Drug names for PrEP include Descovy and
Truvada” (Yes/No/Refuse to answer). Participants were asked, “Have you ever in your lifetime
taken PrEP?”. Among those who said they had ever taken PrEP in their lifetime, the following
question was presented, “Have you taken any HIV prevention medication in the last 6 months”
(Yes/No/Don’t know/Refuse to answer, coded as Yes=1; the others=0). Next, participants were
asked if they are currently using a prescription for PrEP (Yes/No/Don’t know/Refuse to answer,

coded as Yes=1; the others=0). To assess PrEP adherence, we asked the participants, “In the last

7 days, rate your ability to take ALL of your PrEP medications”. Response options include very
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poor, poor, fair, good, very good, excellent, and refuse to answer. This variable was
dichotomized into (excellent=1; the others=0)

PrEP stigma. We used the HIV PrEP Stigma Scale (HPSS) to assess the perceived stigma
regarding HIV PrEP among the participants. The 12-item Likert scale was developed by Siegler
et al. (Siegler et al., 2020) and assessed three predominant domains: (1) shame regarding PrEP
use (e.g., “I would feel ashamed to take PrEP pills in front of others™), (2) character judgments
of people using PrEP (e.g., “People experience negative judgment because they take PrEP”), (3)
perceived social support for taking PrEP (e.g., “My friends would be supportive of me taking
PrEP”). Items with an opposite direction were reverse scored, and a total score was calculated,
where higher values correspond to higher levels of stigma.

Alcohol, tobacco, and other drug use. A wide array of ATOD use data were asked in the
uTECH study Phase 2. First, participants were asked about their alcohol consumption history and
frequency in the past 6 months using the Alcohol Use Disorders Identification Test (AUDIT-C)
(Bush et al., 1998). A total score of the AUDIT-C was calculated and alcohol use disorder was
classified as suggested in previous studies (Bush et al., 1998). Participants were asked about their
nicotine use and other drug use in the last six months (Yes/No/Refuse to answer). These
outcomes were coded as dummy variables (yes=1; the others=0). A complete list of ATOD use
variables included in the current study was presented in the Results section.

Sociodemographic and behavioral characteristics. Participants were asked to report their
age by the time of the study enrollment, the highest level of education, sexual orientation (gay or
bisexual). Participants were also asked to report their racial background and ethnicity. The

survey also asked the participants to report the number of sexual partners in the past six months
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(coded to >10 or <=10) and if they had engaged in condomless anal sex with a male sexual

partner (yes/no) and if they had attended a sex party (yes/no).

Data analysis

A series of quantitative analyses were conducted to examine the robustness and
associations of the study measures among the study sample. First, descriptive statistics were
calculated to present the characteristics of the study participants, the prevalence of IPV
victimization, perpetration, and bi-directional violence, the rate of PrEP uptake and excellent
PrEP adherence, the levels of PrEP stigma, as well as other health behaviors and outcomes such
as the prevalence of ATOD. To explore the associations between IPV victimization and PrEP
uptake/adherence, bivariable and multivariable logistic regressions were conducted presenting
the odds ratios (ORs) and adjusted ORs (AORs), adjusting for study covariates that were
associated with both IPV and PrEP outcomes that were suggested in the literature. Next, two
separate mediating analyses were conducted to explore the possible mechanisms through which
IPV victimization might indirectly exert its effect on PrEP uptake. The first model tested the
mediation of the relationship between IPV victimization and current PrEP uptake/adherence
through ATODS use, and second model tested the mediating role of PrEP stigma underlying the
relationship between IPV and PrEP uptake/adherence. All analyses were conducted using
STATA and RStudio, providing estimates of path coefficients () and bootstrapped 95%
confidence intervals (95% CI) for indirect effects. Potential confounding variables which were
significantly associated with PrEP uptake in the logistic model were adjusted.

To build and test the machine learning models to predict IPV victimization among young
SMM in this study, each participant was code as one of the two categories based on the self-
reported IPV victimization according to the IPV-GBM scale: IPV-reported (1) and non-IPV-
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reported (0). Each unique study identifier (study ID) was associated with a dataset that contains
this participant’s social media activities and mobile phone use data. Data were cleaned to
maximize consistency and accuracy by removing unwanted words, such as non-English
characters and additional symbols. Personally identifiable information such as addresses, phone
numbers, and usernames will be tokenized (Ovalle et al., 2021). Next step included data
preprocessing such as preprocess keyboard data, application use data, and geo-location data.
After preprocessing the datasets, various features from each of the data sources were extracted to
be utilized in the machine learning algorithms including text data collected from social media,
data apps, and messaging apps and websites, words and phrases associated with IPV experiences
and their levels related to IPV experiences (e.g., highly related, moderately related), location data
containing participant’s mobility. Other feature extractions also include the Bidirectional
Encoder Representations from Transformers (BERT) language model (Devlin et al., 2018), and
Linguistic Inquiry and Word Count (LIWC) (Pennebaker et al., 2001), and OpenAl embeddings
on the text and risky messages text. Table 1 presents a list of features extracted to apply the
machine learning techniques and rationales.

All these features were combined, and feature selection was performed using the Fisher
score method before model training. Based on these feature extractions, we trained logistic
regression model (Cox, 1958), a Gradient Boosting Classifier (J. H. Friedman, 2001), and a
Support Vector Classifier with a linear kernel (Ghosh et al., 2019) using Scikit-learn (Pedregosa
et al., 2011). These models were selected to represent both linear and more complex non-linear
models. To identify which data types would be the most useful for the prediction tasks, we
trained separate models for individual data categories like location data, app usage, and risky

word use and assessed combinations of these features, aiming to provide a comprehensive view
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of participants' activities. We used leave-one-out cross-validation to evaluate the models, given
the relatively small number of participants. The primary metric for assessing the model’s
prediction accuracy and classifier’s performance was the Fi-score for the IPV-report (1). As
suggested in previous studies, an F1 score of 0.7 or higher suggests acceptable/good model
performance and prediction accuracy (Ovalle et al., 2021). The machine learning model building
and training, and feature extraction and model performances conducted by a graduate student
under the supervision of the uTECH co-investigator (Co-I: Sarrafzadeh) in the Department of

Computer Science at UCLA.
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Table 1. List of data and features extracted in machine learning techniques and rationales

1.

2.

Social networking apps data

All mobile phone apps

Geo-location data

Risky words

- Alist of keywords and phrases that were related to experiences of violence, abuse,
and aggressions that were adapted from previous studies (Al-Garadi et al., 2022),
such as “attack, beat, bruises, kick, grab”, etc.

Risky word categories

- All the keywords and phrases were categorized into high, moderate, and low risks

Bidirectional Encoder Representations from Transformers (BERT)

Linguistic Inquiry and Word Count (LIWC)

OpenAl Embeddings

- When a text message was provided to OpenAl API, it converts the text into a
vector embedding that captures the underlying notion or meaning behind the text.
This feature was applied to all text messages.

OpenAl on risk messages and words

- Similar to the feature above, but was only applied to risk messages and words

identified
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Ethical consideration
The current study utilized data from the UTECH study (PI: Holloway; NIH DP2
1DP2DA049296-01) and all study procedures and protocols were reviewed and approved by the
South Campus Institutional Review Board at the University of California Los Angeles (UCLA;

IRB#21-001157).
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CHAPTER 5: RESULTS

Characteristics of Study Participants

The average age of the 277 young SMM included in the current study was 24.8 years
(standard deviation: 3.1), over half (58.1%) were 24 years old or younger. Over sixty (60.3%)
reported having a college or higher degree. The sample was racially and ethnically diverse:
59.9% of the study participants were identified as white, and 6.1% and 13.3% were identified as
Black/African American and Asian, respectively. Over a quarter (28.4%) were identified as
Latino/Hispanic. Most of young SMM identified as gay (86.6%) and 13.4% were identified as
bisexual. A vast majority of the study participants (84.8%) had engaged in condomless anal sex
in the past six months: 65.3% reported having insertive condomless anal sex (e.g., put their penis
in their partner’s butt without a condom) and 71.5% reported having receptive condomless anal
sex (e.g., put their partner’s penis in their butt without a condom). One fifth of the study
participants (20.4%) reported having more than 10 male sexual partners in the last six months.

The prevalence of alcohol, tobacco, and other drug (ATOD) use was also showed in
Table 2. Based on the Alcohol Use Disorders identification Test (AUDIT-C), 65.7% of the study
participants were screened positive for alcohol use disorders. Nearly half (44.4%) of the young
SMM reported having nicotine and tobacco products such as cigarettes and e-cigarettes in the
last six months. A large percentage of the participants (72.9%) used marijuana and 9.4% reported
having used methamphetamine.

Lastly, nearly all study participants had heard of HIV pre-exposure prophylaxis (PrEP)
and 69.7% reported having a history of using PrEP for HIV prevention. Over half (56.7%) were
currently using PrEP and among those, 45.2% reported excellent PrEP adherence in the last

seven days.
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Table 2. characteristics of young sexual minority men (n=277)

N (%)

Age (range 18-30) 24.8 (3.1)
Race

White 166 (59.9%)

Black/African American 17 (6.1%)

Asian 36 (13.3%)

Mixed race 22 (7.9%)

Other 36 (13.0%)
Ethnicity

Latino/Hispanic 81 (28.4%)

Non-Latino/Hispanic 196 (71.6%)
Education

College and above 167 (60.3%)

Below college 110 (39.7%)
Sexual orientation

Gay 240 (86.6%)

Bisexual 37 (13.4%)
Had condomless anal sex 235 (84.8%)
Had condomless insertive anal sex 181 (65.3%)
Had condomless receptive anal sex 198 (71.5%)
Having more than 10 sexual partners 84 (20.4%)
ATOD use
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Nicotine

123 (44.4%)

Alcohol use disorder

182 (65.7%)

Marijuana

202 (72.9%)

Methamphetamine

26 (9.4%)

Ever used PrEP in lifetime

193 (69.7%)

Used PrEP in the past 6 months

171 (61.7%)

Current PrEP uptake

157 (56.7%)

Excellent PrEP adherence

71 (45.2%) *

*among those who were using PrEP currently
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Prevalence of IPV Victimization, Perpetration, and Bi-directional Violence

The prevalence of IPV victimization, perpetration, and bi-directional violence among
cisgender young sexual and gender minorities who have sex with men and use substances in this
study was presented in Table 3. Lifetime prevalence of IPV victimization, perpetration, and bi-
directional was alarmingly high: 69.7% of the study participants reported experiencing I[PV
victimization in their lifetime; nearly half (47.7%) reported having perpetrated IPV in their
lifetime, and 44.4% had experienced lifetime bi-directional violence (both victimization and
perpetration). The most common types of [PV victimization was emotional and physical/sexual
IPV, of which 52.3% and 45.5% reported having experienced these types of I[PV, followed by
monitoring (32.5%) and controlling (23.1%) victimization. In addition, 20.6% of the participants
experienced HIV-related victimization. In the meantime, the most common reported form of [PV
perpetration was emotional IPV (26.0%), followed by physical/sexual and monitoring IPV
perpetration (24.5% and 23.1%, respectively).

Similarly, the rates of IPV victimization, perpetration, and bi-directional violence in the
last year were also high: over half (65.0%) reported experiencing IPV victimization, while 43.3%
reported perpetrating IPV, and 39.4% experienced bi-directional IPV. In terms of specific types
of IPV victimization, physical/sexual victimization was the most prevalent, reported by one in
three individuals (45.5%), followed by emotional IPV victimization (39.4%) and monitoring
victimization (23.5%). In the meantime, 16.2% and 24.5% reported perpetrating monitoring and
physical/sexual IPV to their partners in the past year. Lastly, 22.7% reported bi-directional
physical/sexual IPV in the past year and 11.9% reported bi-directional emotional IPV.

Given the high prevalence of lifetime IPV victimization, perpetration, and bi-directional

violence among the study participants, we also examined the frequency of different forms of I[PV
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victimization, perpetration, and bi-directional violence. Specifically, we classified those who
reported experiencing IPV twice or more as frequent IPV. As shown in Table 2, nearly forty
percent (39.0%) had experienced frequent IPV victimization in the past year, with emotional [PV
victimization (30.0%) being the most prevalent type, followed by frequent physical/sexual I[PV
(10.5%) and monitoring IPV (12.3%) victimization. Meanwhile, over a quarter (26.7%) had
perpetrated [PV frequently, with emotional IPV (15.5%) perpetration being the most prevalent
type, followed by monitoring behaviors (10.5%). Lastly, 18.8% reported frequent bi-directional
violence, with physical/sexual IPV (7.6%) and emotional IPV (7.6%) among the most reported
types of bi-directional violence.

Among the study participants, lower educational attainment (having a highest degree
below college vs. having a college degree or higher) was associated with higher odds of
experiencing I[PV victimization, especially for monitoring violence in the past year and frequent
monitoring IPV (p<0.01 for both). Individuals who reported being bisexual were more likely to
report experiencing frequent monitoring, controlling, and emotional IPV in the past year (p<0.05
for all) compared to gay. Differences in experiencing IPV victimization were also observed
across racial and ethnic groups: for example, individuals identified as mixed race reported
constantly high rates of various forms of [PV victimization compared to other racial groups;
Black and African American were more likely to report experiencing physical/sexual [PV
compared to those who were white, while those who were white were more likely to report
experiencing emotional IPV (p<0.05 for all). Lastly, young SMM who identified as
Latino/Hispanic also reported higher odds of experiencing monitoring IPV in the past year and
frequent physical IPV in the past year compared to non-Latino/Hispanic individuals (p<0.01 for

both).
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Table 3. prevalence of intimate partner violence among young sexual minority men:

victimization, perpetration, and bidirectional violence (n=277)

Victimization Perpetration Bi-directional
Lifetime
Any type of [PV 193 (69.7%) 132 (47.7%) 123 (44.4%)
Physical/sexual 126 (45.5%) 68 (24.5%) 63 (22.7%)
Monitoring ever 90 (32.5%) 64 (23.1%) 46 (16.6%)
Controlling ever 64 (23.1%) 35 (12.6%) 22 (7.9%)

Emotional ever

145 (52.3%)

72 (26.0%)

55 (19.9%)

HIV-related ever 57 (20.6%) - -
Last year Victimization Perpetration Bi-directional
Any type of I[PV 180 (65.0%) 120 (43.3%) 109 (39.4%)

Physical/sexual last year

126 (45.5%)

68 (24.5%)

63 (22.7%)

Monitoring last year

65 (23.5%)

45 (16.2%)

29 (10.5%)

Controlling last year

64 (23.1%)

35 (12.6%)

22 (7.9%)

Emotional last year

109 (39.4%)

52 (18.8%)

33 (11.9%)

HIV-related last year

32 (11.5%)

Last year frequent (2 times or more) | Victimization Perpetration Bi-directional
Any type of I[PV 108 (39.0%) 74 (26.7%) 52 (18.8%)
Physical/sexual last year 29 (10.5%) 24 (8.7%) 21 (7.6%)
Monitoring last year 34 (12.3%) 29 (10.5%) 16 (5.8%)
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Controlling last year

23 (8.3%)

22 (7.9%)

9 (3.2%)

Emotional last year

83 (30.0%)

43 (15.5%)

21 (7.6%)

HIV-related last year

11 (4.0%)
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The Associations Between [PV Victimization and PrEP Utilization

To examine the relationship between IPV victimization and PrEP utilization, we first
conducted a series of bivariable logistic regressions to assess the associations between each type
of [PV victimization and current PrEP use across different time points. As shown in Table 4,
experiencing controlling behaviors in their lifetime was negatively associated with current PrEP
use (odds ratio (OR)=0.75, 95% confidence interval (CI): 0.42-0.91), meaning that individuals
who have experienced lifetime controlling IPV were 0.75 times as likely to currently use PrEP
for HIV prevention. Similarly, those who experienced controlling IPV in the last year were less
likely to currently use PrEP (OR=0.57, 95% CI: 0.38, 0.92). When examining frequent IPV
experiences, cisgender young SMM who experienced frequent physical/sexual IPV in the last
year were also less likely to currently use PrEP (OR=0.43, 95% CI: 0.19-0.92). After adjusting
for sociodemographic characteristics and ATOD use in the multivariable model, those who
experienced frequent physical/sexual IPV in the last year were still significantly less likely to
currently use PrEP (adjust OR (AOR)=0.41, 95%CI: 0.18-0.93). However, the association
between experiencing controlling IPV in the last year and current PrEP use was no longer
statistically significant (AOR=0.61, 95%CI: 0.45-1.04).

Next, similar approaches were used to measure the relationships between IPV
victimization and PrEP adherence (Table 5). First, experiencing emotional IPV in lifetime was
associated with suboptimal PrEP adherence: that is, those who reported experiencing lifetime
emotional IPV was 54% less likely to have excellent PrEP adherence (OR=0.46, 95%CI: 0.22,
0.94). When it comes to experiencing IPV victimization in the last year, cisgender young SMM
who experienced monitoring [PV victimization were significantly less likely to have excellent

PrEP adherence (OR=0.44, 95%CI: 0.20,0.98). Similarly, those who reported experiencing
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frequent monitoring and controlling IPV in the past year were less likely to have excellent PrEP
adherence (OR=0.31, 95%CI: 0.11-0.85; OR=0.21, 95%CI: 0.05-0.79, respectively).

In multivariable models controlling for sociodemographic factors and ATOD use,
lifetime emotional I[PV was still significantly associated with excellent PrEP adherence
(AOR=0.45, 95%CI: 0.21-0.94) while the association with monitoring IPV was no longer
statistically significant. However, the associations between experiencing frequent monitoring
IPV and controlling IPV were still significantly associated with PrEP adherence (AOR=0.29,

95%CI: 0.10, 0.84; AOR=0.23, 95%CI: 0.05, 0.83).
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Table 4. bivariable and multivariable logistic regressions predicting current PrEP use

Current PrEP use

OR [95%CI] AOR [95%CI] *
Lifetime
Any type of [PV 1.04 [0.82, 1.96]
Physical/sexual 0.87[0.54, 1.40]

Monitoring ever

1.07 [0.64, 1.78]

Controlling ever

0.75 [0.42, 0.91]

0.71 [0.56, 1.12]

Emotional ever

0.82[0.51, 1.33]

HIV-related ever

1.40 [0.78, 2.59]

Last year

Any type of I[PV

1.21[0.74, 1.99]

Physical/sexual last year

0.87[0.54, 1.40]

Monitoring last year

0.86 [0.49, 1.51]

Controlling last year

0.57 [0.38, 0.92]

0.61 [0.45, 1.04]

Emotional last year

1.07 [0.66, 1.76]

HIV-related last year

1.23[0.87, 1.45]

Last year frequent (2 times or more)

Any type of [PV

0.64 [0.39, 1.00]

Physical/sexual last year

0.43 [0.19, 0.92]

0.41 [0.18, 0.93]

Monitoring last year

0.84 [0.41, 1.74]
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Controlling last year 0.55[0.23, 1.32]

Emotional last year 0.7010.42, 1.18]

HIV-related last year 0.9110.27, 3.24]

OR = odds ratio; AOR = adjusted odds ratio
* multivariable model adjusted for sociodemographic and ATOD use.

Bold texts indicate statistically significant
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Table 5. bivariable and multivariable logistic regressions predicting excellent PrEP adherence

Excellent PrEP adherence

OR [95%CI] AOR [95%CI]
Lifetime
Any type of [PV 0.5510.23, 1.23]
Physical/sexual 0.811[0.40, 1.67]

Monitoring ever

0.56 [0.27, 1.17]

Controlling ever

0.76 [0.33, 1.82]

Emotional ever

0.46 [0.22, 0.94]

0.45 [0.21, 0.94]

HIV-related ever

1.69 [0.71, 4.50]

Last year

Any type of I[PV

0.54 [0.23, 1.18]

Physical/sexual last year

0.81 [0.40, 1.67]

Monitoring last year

0.44 [0.20, 0.98]

0.48 [0.21, 1.10]

Controlling last year

0.76 [0.33, 1.82]

Emotional last year

0.58 [0.28, 1.18]

HIV-related last year

1.73 [0.90, 3.22]

Last year frequent (2 times or more)

Any type of [PV

0.60 [0.29, 1.26]

Physical/sexual last year

1.70 [0.42, 11.45]

Monitoring last year

0.31 [0.11, 0.85]

0.29 [0.10, 0.84]
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Controlling last year 0.21 [0.05, 0.79]

0.23 [0.05, 0.83]

Emotional last year 0.64 [0.30, 1.41]

HIV-related last year 1.86 [0.28, 6.27]

OR = odds ratio; AOR = adjusted odds ratio

*multivariable model adjusted for sociodemographic and ATOD use.

Bold texts indicate statistically significant
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HIV PrEP Stigma

HIV PrEP stigma was measured using the 12-item HIV PrEP Stigma Scale (HPSS). We
calculate the mean score, and the score was coded such that high values indicate high levels of
PrEP stigma. The Cronbach Alpha of the HPSS among the study participants was 0.79 and the
overall mean of the 12 items was 2.21 (standard deviation=0.58) on a 5-point scale, equating to a
value closer to disagree (2). Note that item 7-12 was coded reversely when calculating the mean
score.

Table 6 shows the percent distribution of participants’ responses to Likert scale items.
Although only a small percentage of participants' responses were classified as stigmatizing for
most of the items, a few items stood out with notably high levels of stigmatizing responses. For
example, 23.5% agree and 4.3% strongly agree that “People experience negative judgment
because they take PrEP”. Similarly, over thirty percent strongly agreed (4.7%) or agreed
(29.2%) that “Someone taking PrEP would be seen by others as slutty”, while 33.9% were being
neutral. In the meantime, 6.9% disagreed or strongly disagree with the statement “People taking
PrEP receive praise for being responsible”. In addition, over one fifth disagreed or strongly
disagreed that “My family would be supportive of me taking PrEP” (13.7% and 8.7%,
respectively). Conversely, a significant proportion of participants agreed that “People taking
PrEP receive praise for being responsible” (54.9%), expressed anticipation that “My friends
would be supportive of me taking PrEP” (77.6%), and held the belief that “People on PrEP are
taking care of their health” (79.4%).

Next, analyses of variance (ANOVA) tests were conducted to examine the differences in
the level of PrEP stigma across participants' sociodemographic characteristics. Higher levels of

PrEP stigma were associated with younger age and lower education attainment (had an education
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level below college vs. college and above, p<0.05 for both). Individuals who reported as bisexual

reported a significant higher level of PrEP stigma compared to those who were gay (p<0.05).
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Table 6. HIV PrEP stigma scale and agreement distributions.

Strongly Strongly
No. Statement Disagree | Neutral | Agree
Disagree Agree
I would feel ashamed to take 104 85 71 9 8
1.
PrEP pills in front of others. (37.5%) | (30.7%) | (25.6%) | (3.2%) | (2.9%)
Someone taking PrEP should 84 93 84 13 3
2.
keep their pills hidden. (30.3%) | (33.6%) | (30.3%) | (4.7%) | (1.1%)
People experience negative
26 68 106 65 12
3. | judgment because they take
(9.4%) | (24.5%) | (38.3%) | (23.5%) | (4.3%)
PrEP.
Someone taking PrEP would be 30 59 94 81 13
4.
seen by others as slutty. (10.8%) | (21.3%) | (33.9%) | (29.2%) | (4.7%)
People experience problems
55 96 101 21 4
5. | when they tell their sex
(19.9%) | (34.7%) | (36.5%) | (7.6%) | (1.4%)
partner(s) they are taking PrEP.
People taking PrEP experience 57 149 149 47 10
6.
verbal harassment. (13.8%) | (36.2%) | (36.2%) | (11.4%) | (2.4%)
I would have sex with someone 0 3 46 67 161
7.
who is taking PrEP. (%) (1.1%) | (16.6%) | (24.2%) | (58.1%)
People taking PrEP receive 3 16 106 111 41
8.
praise for being responsible. (1.1%) (5.8%) | (38.3%) | (40.1%) | (14.8%)
My friends would be 2 1 59 63 152
9.
supportive of me taking PrEP. (0.7%) (0.4%) | (21.3%) | (22.7%) | (54.9%)
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I would feel proud to take PrEP 1 10 90 55 121
. every day. (0.4%) (3.6%) | (32.5%) | (19.9%) | (43.7%)

People on PrEP are taking care 1 4 52 52 168
. of their health. (0.4%) (1.4%) | (18.8%) | (18.8%) | (60.6%)

My family would be supportive 24 38 80 60 75
= of me taking PrEP. (8.7%) | (13.7%) | (28.9%) | (21.7%) | (27.1%)
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The Mediating Effect of Nicotine Use Between [PV Victimization and PrEP utilization

To test the hypothesis regarding the mediating effect of substance use on the relationship
between IPV victimization and PrEP utilization, a series of bivariable regressions and
correlations were first were calculated to examine how each type of alcohol, nicotine,
methamphetamine, and marijuana use might influence the connection between IPV victimization
and PrEP utilization. Results suggested that only nicotine use might potentially have a mediating
effect and therefore, we conducted similar path analyses to test these effects.

Figure 1 illustrates the direct effect and indirect effect of experiencing frequent physical
IPV in the last year (IV) on current PrEP use (DV) through nicotine use. First, experiencing
physical/sexual IPV victimization (IV) was positively correlated with nicotine use (M) (b=0.236,
p<0.05) and nicotine use (M) was negatively associated with current PrEP use (DV) (b=-0.141,
p<0.01), while experiencing frequent physical/sexual IPV victimization in the last year (IV) and
current PrEP use was also associated with current PrEP use (DV) (b=-0.176, p=0.06). Thus, a
partial mediation of the relationship between experiencing the IV and DV through nicotine use
was observed among the study sample. Approximately 16% of the effect of experiencing
frequent physical/sexual IPV victimization on currently using PrEP was mediated by nicotine
use. Similarly, nicotine use fully mediated the association between experiencing frequent
monitoring [PV victimization (IV) and current PrEP use (DV), and approximately 72% of the
effect of the IV on DV was mediated by nicotine use (Figure 2). Similar approaches were used to
test the mediating effect of nicotine use on the relationship between experiencing [PV
victimization and excellent PrEP adherence. However, nicotine use did not mediate this

association among our study sample.
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Next, we conducted the same analyses to test the mediating effects of PrEP stigma on the
relationship between experiencing IPV victimization and PrEP utilization (Figure 3). Similar to
the findings above, the association between experiencing frequent emotional IPV (IV) was
positively associated with PrEP stigma (M) (b=0.138, p<0.05), and PrEP stigma was negatively
associated with having excellent PrEP adherence (b=-0.194, p<0.01), while the association
between the IV and DV was no longer statistically significant. Therefore, a complete mediating
effect of PrEP stigma was observed in the relationship between experiencing frequent emotional

IPV in the past year and having excellent PrEP adherence.
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Figure 1. Path analysis for the direct and indirect effects of experiencing frequent physical/sexual

IPV victimization in the past year on current PrEP use through nicotine use

Nicotine use
b=0.236 b=-0.141
(p<0.05) (»<0.01)
b=-0.176
Frequent (p=0.06)
physical/sexual [PV Current PrEP Use
Victimization
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Figure 2. Path analysis for the direct and indirect effects of experiencing frequent monitoring

IPV victimization in the past year on current PrEP use through nicotine use

Nicotine use
b=0.198 b=-0.156
(p<0.05) (»<0.01)
b=-0.012
(p=0.896)

Frequent monitoring
Victimization

Current PrEP Use
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Figure 3. Path analysis for the direct and indirect effects of experiencing frequent emotional IPV

victimization in the past year on current PrEP use through PrEP stigma

PrEP Stigma

b=0.138
(p<0.05)

b=-0.194
(p<0.01)

b=-0.084

(p=0.09)
Frequent Excellent PrEP

Emotional IPV Adherence
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IPV victimization prediction using social media and mobile phone use data

To test the hypothesis outlined in Aim 3, which examines the potential of social media
and mobile phone usage data to predict self-reported IPV victimization outcomes among study
participants, classification models were developed to predict each IPV victimization outcome
based on the IPV-GBM scale. Caution is warranted when interpreting the ensuing results, as only
a subset of n=65 participants using Android mobile phones were included by the time the
analysis was conducted due to limitations in data collection via the eWellness app.

The F1 scores for predicting self-reported IPV victimization are detailed in Table 7. The
results showed that lifetime [PV victimization experiences, including several specific forms of
IPV victimization could be predicted well using the combined social media and mobile phone
use data through a combination of different features. For instance, the F1 score for predicting
lifetime physical/sexual IPV victimization was 0.85, while those for lifetime emotional IPV,
HIV-related IPV, and controlling IPV victimization were 0.76, 0.74, and 0.71, respectively.
Additionally, predictions for emotional IPV and controlling IPV victimization within the past
year were also reasonable, with F1 scores of 0.67 and 0.6, respectively. However, predictive
models were only moderately successful in determining monitoring and HIV-related IPV within
the past year. Lastly, the models demonstrated acceptable accuracy in predicting frequent [PV
victimization in the past year, achieving an F1 score of 0.71, while showing moderate accuracy

in predicting frequent emotional IPV victimization within the past year (F1 = 0.57).
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Table 7. F1 scores for predicting self-reported IPV victimization using social media and mobile

phone use data and machine learning models

F1 scores
Lifetime Past year Frequent
Any type of I[PV 0.61 0.49 0.71
Physical/sexual [PV 0.85 0.19 0.29
Monitoring I[PV 0.44 0.40 0.40
Controlling IPV 0.71 0.63 0.00
Emotional IPV 0.76 0.67 0.57
HIV-related IPV 0.74 0.40 0.00
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CHAPTER 6: DISCUSSION

The current study aimed to describe the prevalence of intimate partner violence (IPV)
victimization, perpetration, and bi-directional violence, understand the associations between
experiencing different types of IPV victimization and HIV pre-exposure prophylaxis (PrEP)
utilization among a sample of cisgender young SMM who have sex with men and use
substances. It also detected the level of HIV PrEP stigma among this study sample and explored
the mediating role of PrEP stigma and alcohol, tobacco, and other drug (ATOD) use in the
relationships between IPV victimization and PrEP utilization. In addition, the current study
utilized advanced approaches such as machine learning models to predict IPV-related outcomes
using social media and mobile phone data. These outcomes contribute to the literature by
providing information and evidence that should be areas of focuses for academic researchers,
healthcare providers, and public health policymakers.

This analysis, conducted among a sample of racially and ethnically diverse cisgender
young SMM recruited from the internet, revealed high rates of IPV victimization, perpetration,
and bi-directional violence both in their lifetime and in the past year. Despite the high risk of
HIV, only about half of the study participants were using PrEP for HIV prevention, and PrEP
adherence is suboptimal. Furthermore, young SMM experienced varying degrees of PrEP-related
stigma, and PrEP stigma mediated the relationship between IPV victimization and PrEP use and
adherence, and so did nicotine use. Lastly, machine learning models using social media and
mobile phone use data could predict IPV-related outcomes with high accuracy. This chapter
focuses on comparing the study results to existing research, exploring potential explanations, and

identifying implications for future research, practice, and policy. Additionally, suggestions are
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provided for the next steps to improve I[PV and PrEP outcomes among this vulnerable

population.

High prevalence of IPV victimization, perpetration, and bi-directional violence

The results of the current study revealed alarmingly high rates of IPV victimization,
perpetration, and bi-directional violence among cisgender young SMM who have sex with men
and use substances in 4im . The findings contribute to the literature by providing prevalence not
only at different time points but also for different types of IPV experiences, using a previously
validated scale developed specifically for the sexual and gender minority population.

In this study, 70% of cisgender young SMM reported experiencing IPV victimization at
least once in their lifetime, with over half reporting such experiences in the past year.
Specifically, physical/sexual IPV and emotional IPV emerged as the most common forms of
victimization, with substantial proportions of study participants reporting frequent experiences of
these in the past year. These results amplify existing evidence on the vulnerability of SMM
population to intimate partner violence, especially in the context of substance use and HIV risk.
Notably, the rates of IPV victimization observed in current study were significantly higher
compared to existing research. For example, a systematic review and meta-analysis of [PV
victimization among sexual minority men found that the pooled prevalence of IPV victimization
across all recall period was 33%, with emotional violence was the highest estimated type of IPV
victimization (Liu et al., 2021). A more recent study conducted among a sample of online gay
and bisexual men in the United States through the Men’s Body Project found that the prevalence
of sexual I[PV, non-physical coercion, and physical IPV was 22.2%, 21.9%, and 16.4%,
respectively (Rustagi et al., 2023). While it is impossible to compare these outcomes directly due

to differences in sample characteristics, recruitment methodologies, and measurement tools, the
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substantially higher rates of IPV victimization observed in our study underscore the heightened
vulnerability of young SMM to IPV and highlight the urgent need for targeted interventions and
support services tailored to the specific needs of young SMM.

Similarly, the results of the current study revealed the alarmingly high rates of IPV
perpetration and bi-directional IPV among a sample of cisgender young SMM. Approximately
half of the study participants reported perpetrating IPV at least once in their lifetime, with a
substantial proportion reporting such behaviors in the past year. Recent physical/sexual IPV and
monitoring IPV were the most prevalent forms of perpetration, mirroring the patterns observed in
victimization. The rate of past-year IPV perpetration was higher than those reported in previous
studies conducted among sexual minority men in the U.S., Canada, and China (Stephenson &
Finneran, 2017b; Stults, Javdani, Greenbaum, Barton, et al., 2015; Wei et al., 2021). Moreover, a
significant proportion of participants reported engaging bi-directional violence — indicating
reciprocal patterns of aggression within their intimate relationships, particularly on
physical/sexual IPV, monitoring IPV, and emotional IPV. These findings not only extend
previous research by providing insights into the prevalence of IPV perpetration and bi-directional
violence within the young SMM but also underscore the importance of examining perpetration
behaviors to gain a more comprehensive understanding of I[PV dynamics within this community.
This includes understanding the influence of victimization on perpetration and vice versa, and
under what circumstances bi-directional violence would occur within intimate relationships.

Consistent with previous studies and evidence in the literature (Kubicek et al., 2015b;
Stephenson et al., 2011; Wang et al., 2018), experiencing IPV victimization among SMM was
associated with lower levels of education attainment. Previous studies have hypothesized that

lower education levels might be associated with lower income levels and limited access to
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resources and social capital (Stephenson et al., 2011), creating an imbalance in power between
partners that may trigger intimate partner violence. Future studies should aim to further
understand the mechanisms through which educational attainment influences the risk of IPV
victimization among SMM, considering factors such as economic insecurity, social support
networks, and access to help seeking services.

Bisexual individuals were more likely to report experiencing IPV victimization compared
to those who identified as gay. This is consistent with previous research that suggests the high
vulnerability of bisexual individuals in intimate partner relationships. A recent study using the
data from the National Longitudinal Study of Adolescent to Adult Health in the U.S. also found
that bisexual male in their sample reported nearly as 3.5 times more likely to report experiencing
IPV victimization compared to those were heterosexual and gay (Swiatlo et al., 2020). This is
particularly concerning given the already existing health disparities and lack of social support
and health services experienced by bisexual individuals (Feinstein & Dyar, 2017). Previous
research has pointed out that bisexual individuals were less likely to engage in sexual health and
mental health services compared to gay individuals (Feinstein et al., 2019; Feinstein & Dodge,
2020; Hong, Feinstein, et al., 2022), and the high rates of experienced IPV may further
exacerbate these health disparities. More importantly, such strategies must consider and
prioritize approaches that recognize and address the intersectional vulnerabilities (e.g., race,

economic status, education attainment) that shape the experiences of intimate partner violence.

Associations between IPV victimization and PrEP utilization

As hypothesized in Aim 2, the findings of the current study revealed the complex

relationships between experiencing IPV victimization and PrEP utilization among cisgender

young sexual and gender minority individuals. For instance, participants who experienced
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controlling IPV in the last year and frequent physical/sexual IPV were less likely to currently use
PrEP for HIV prevention. These results suggest the need to delve deeper into the nuanced
differences in different forms of IPV and their impact on PrEP utilization. While previous
research on understanding the association between IPV and PrEP use has predominantly
considered IPV as one construct rather than specifying its different forms (Y.-T. Chen et al.,
2021; M. R. Friedman et al., 2019; John et al., 2018), these findings align with evidence in the
literature suggesting that experiencing IPV victimization is multifaceted and could have
differential effects on health behaviors and health outcomes (Buller et al., 2014; W.-T. Chen et
al., 2019; Davis et al., 2015). Understanding these complexities is critical for tailoring
interventions that effectively address the diverse needs and unique experiences of individuals
facing IPV within the context of HIV prevention and sexual health promotion.

A persistent association observed in this study is that experiencing controlling and
monitoring IPV was consistently associated with suboptimal PrEP utilizations among young
SMM. This trend persisted across those who had encountered such behaviors throughout their
lifetime, as well as those who had experienced them more recently and frequently. One possible
explanation for this finding is the profound impact that controlling and monitoring behaviors can
have on an individual's autonomy and decision-making ability. In relationships influenced by
controlling IPV and monitoring, cisgender young SMM may face significant barriers to
accessing healthcare services, due to the exertion of power and control by their partners. In fact,
the existing literature on the relationship between experiencing controlling IPV and PrEP use is
notably limited, with research presenting equivocal findings. For instance, an analysis of a
national online survey comprising n=863 men who have sex with men (MSM) in the U.S.

discovered that MSM who had encountered controlling behaviors from their partners were more
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inclined to use PrEP compared to those who had not experienced controlling IPV (Braksmajer et
al., 2020). Conversely, a study conducted among Chinese MSM using the same [PV-GBM scale
revealed that experiencing controlling IPV victimization showed no association with willingness
to use daily oral PrEP for HIV prevention. However, it did exhibit a negative association with the
willingness to use long-acting injectable PrEP (Guo et al., 2023). The IPV-GBM scale assesses
controlling IPV by asking the respondents questions such as “Your partner prevented you from
seeing your friends or family” (Stephenson & Finneran, 2013). It is important to note that
controlling and monitoring behavior may manifest in various, such as social isolation, restricting
access to seeking social support and connections, limiting financial resources, etc. It is important
to note that these behaviors may manifest in various forms, such as social isolation, restricting
access to seeking social support and connections, limiting financial resources, and more. Future
research should aim to understand these types of IPV in a more holistic and nuanced manner,
taking into account the impacts of such behavior on individuals' HIV risk and help-seeking
behaviors.

Similarly, the results revealed negative associations between experiencing emotional I[PV
and PrEP utilization, including both current PrEP use and excellent PrEP adherence among
current PrEP users. This is consistent with a previous study by Braksmajer et al., which found
that SMM experiencing emotional IPV were less likely to take PrEP than those who did not
report such forms of IPV victimization (Braksmajer et al., 2020). Emotional violence was
estimated to be the most prevalent form of [PV among sexual minority men (Liu et al., 2021) is
associated with adverse health and mental health outcomes, including an increased risk of
alcohol use, engaging in condomless anal sex, and mental distress (Davis et al., 2020, 2016;

Duncan et al., 2018). In the current study, experiencing emotional IPV was significantly
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associated with suboptimal PrEP adherence among current PrEP users. This is particularly
concerning as it underscores the potential impact on the effectiveness of PrEP for HIV
prevention within this vulnerable population. One potential explanation is that emotional abuse
could erode one’s self-esteem and confidence (Liu et al., 2018; Pereira et al., 2021), thereby
leading to feelings of worthlessness that may impede their ability to prioritize their health needs.
It is also possible that there is an underlying mechanism between experiencing emotional IPV
and PrEP adherence, such as mental distress serving as a mediator or moderator. For example,
there is evidence suggests that experiencing emotional violence and abuse is associated with
increased levels of mental distress, such as depression and anxiety (James et al., 2012; Reuter et
al., 2017), and these mental health outcomes have been found to be negatively correlated with
PrEP utilization among sexual minority men (Miller et al., 2021). It is also possible that multiple
forms of IPV, such as emotional IPV and controlling IPV, could occur simultaneously and
mutually reinforce the negative effects of each other. Future research should seek to understand
the underlying mechanisms linking emotional IPV and PrEP utilization such as testing the
potential mediating roles of mental distress and utilize qualitative evidence to understand the
lived experience of young SMM who have experienced emotional abuse and the potential impact

on PrEP use and adherence in the context of HIV prevention.

PrEP Stigma and its Mediating Effect on the Relationship Between IPV Victimization and PrEP

utilization

To test the hypothesis regarding the mediating effect of stigma on the relationship

between IPV victimization in 4im 2, the current study initially measured HIV PrEP stigma using
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a pre-validated scale — the HIV PrEP Stigma Scale (Siegler et al., 2020). Despite the overall level
of PrEP stigma being assessed as low to moderate within the sample, several notable items stood
out, warranting attention and further exploration. In particular, a significant proportion of young
SMM participants endorsed stigmatizing beliefs such as "People experience negative judgment
because they take PrEP" and "Someone taking PrEP would be seen by others as slutty." These
findings resonate with previous research by Siegler et al., whose study originally developed and
validated the scale. It's worth noting that Siegler et al.'s factor analysis yielded a unidimensional
factor despite the original scale's design based on a stigma framework encompassing internal,
anticipated, and experienced stigma. Taken together, these findings underscores the importance
of future research to unravel the multifaceted nature of PrEP-related stigma and explore various
dimensions such as internalized and anticipated stigma. Interestingly, certain items related to
experienced or internalized stigma, such as “I would feel proud to take PrEP every day” and “I
would have sex with someone who is taking PrEP” garnered largely favorable responses among
the study participants. These nuanced differences highlight the complexity of stigma perceptions
based on observations and experiences and underscore the importance of contexts and factors
that may shape stigma perceptions and PrEP utilizations. For example, social and cultural norms
play a significant role in shaping attitudes towards HIV prevention strategies such as PrEP within
different communities. Furthermore, minority stressors such as internalized homophobia and
experienced discrimination and violence may exacerbate PrEP-related stigma among young
SMM individuals. Individuals who have faced discrimination or violence based on their sexual
orientation or gender identity may internalize negative societal attitudes, leading to heightened
stigma towards HIV prevention strategies like PrEP. These findings underscore the importance

of comprehensive interventions that not only address individual-level stigma but also understand
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the structural and intersecting factors that contribute to stigma generation. Such interventions
should aim to create supportive environments and promote social inclusion to mitigate the
impact of minority stressors and reduce PrEP-related stigma within sexual and gender diverse
communities.

We found that higher levels of PrEP stigma was associated with suboptimal PrEP
utilization. These findings align with previous research indicating the persistent impact of stigma
on health seeking behaviors particularly on HIV prevention, treatment and care outcomes (Babel
et al., 2021). For instance, studies have documented how HIV stigma influences adherence to
antiretroviral therapy and other health outcomes among people living with HIV (Babel et al.,
2021; Breet et al., 2014; Hong et al., 2023). Additionally, recent studies have suggested that
experienced stigma and prejudice shape the experiences of sexual minority men in using PrEP
(Brooks et al., 2019, 2020; Dubov et al., 2018). The current study extend this literature by
providing evidence and highlighting the specific role of PrEP-related stigma in shaping PrEP
utilization among a subpopulation that experience elevated risk of HIV. This mediating effect
might be explained by the syndemic theory and the minority stress theory (Meyer, 2003; Stall et
al., 2007). In this context, [PV victimization and HIV risk can be interconnected and mutually
reinforcing the negative effects of each other and together further exacerbate health disparities
within marginalized communities such as young sexual and gender minorities. In the current
study, the syndemic of IPV victimization and PrEP stigma may create a pattern whereby
experiences of [PV victimization may contribute to high levels of PrEP stigma, which in turn
impedes PrEP utilization. Within the minority stress model, experiences of IPV victimization and
PrEP stigma represent unique manifestations of minority stressors, leading to heightened

internalized stress that could create additional burdens for individuals within these communities,
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potentially impacting their willingness to seek out and utilize essential health and mental health
services. Given the heightened level of PrEP stigma among particular subgroups including racial
and ethnic minorities and sexual and gender diverse individuals, these results suggest that future
interventions aimed at reducing the negative effects of experiencing IPV on PrEP utilization
must consider stigma reduction and must consider the complex interplay of social, cultural, and
structural factors shaping health behaviors and health outcomes among young SMM. However,
comprehending the interplay between IPV and PrEP stigma, as well as their effects on PrEP
utilization, requires further thorough investigation. It is important to note that many components
within the PrEP stigmas scale also encompass an individual's perceived and encountered stigma
related to sexual orientation, sexual behaviors, homophobia, and family and social support. It is
plausible that there exist more intricate underlying mechanisms that could elucidate these
observed correlations. Future research should delve deeper into these complexities to provide a

more nuanced understanding of the dynamics at play.

Mediating Role of Nicotine in the Relationship Between IPV Victimization and PrEP Use

Similarly, the current found that nicotine use was negatively associated with PrEP
utilization, and it served as a significant mediator in the relationship between experiencing
controlling IPV victimization and current PrEP among cisgender young SMM. These results
underscore the importance of considering substance use as a critical factor influencing HIV
prevention behaviors among young SMM experiencing IPV victimization.

The negative impacts of nicotine and tobacco use on health behaviors and health
outcomes have been well documented in the literature (LoSchiavo et al., 2021; Ompad et al.,
2014; Santos et al., 2019), but the current study is among the first to examine its association with

HIV PrEP. In the current study, nicotine use was associated with both lower likelihoods of
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current using PrEP and suboptimal PrEP adherence among those who were using PrEP. These
negative associations indicate the importance of considering nicotine and tobacco use patterns in
HIV prevention efforts targeting young SMM. Alcohol, tobacco, and other drug use, particularly
nicotine use, may hinder the engagement in HIV prevention services and influence one’s ability
to adhere to PrEP regimens, thereby reducing the effectiveness of this biomedical HIV
prevention strategy. Recent study also showed the disparities in nicotine use among sexual and
gender diverse individuals among young sexual and gender minority (Krueger et al., 2023).
Interventions aimed to improve PrEP uptake and PrEP adherence among young SMM must
address nicotine use disparities as a potential barrier and provide tailored resources and services
to help individuals to overcome nicotine related challenges.

The findings on nicotine use’s mediating role in the relationship between [PV
victimization and current PrEP use suggest that nicotine use may play a significant role in
linking experiences of IPV to PrEP utilization among young SMM. While the exact mechanism
driving this mediating effect remains unclear, it is plausible that individuals may turn to nicotine
use as a coping strategy in response to the stress and trauma associated with IPV victimization.
However, the negative effects of nicotine use could subsequently undermine engagement in HIV
prevention services such as PrEP utilization. This mediation effect highlights the need to
consider the broader context of ATOD use when addressing the intersection of IPV and HIV risk
and vulnerabilities. Health services and interventions aimed at reducing the negative effects of
IPV victimization and promoting PrEP utilization should incorporate strategies to address
nicotine use as a key factor influencing health behaviors within cisgender young SMM.

In conclusion, the mediating effects of PrEP stigma and nicotine use in the association

between IPV victimization and PrEP utilization underscore the importance of adopting a holistic
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approach to address the intersection epidemics of violence, trauma, substance use, and HIV
among young SMM. Interventions must consider the complex interplay of these individual
epidemics within the lived experienced of cisgender young SMM. Future research should also
aim to understand additional epidemics and minority stressors such as mental health,
socioeconomic disparities, discrimination, and internalized homophobia in the relationship

between intimate partner violence and HIV PrEP utilization.

Harnessing Machine Learning in Predicting IPV Victimization

The Aim 3 of the current study presented a novel approach to test and verify the extent to
which machine learning models can predict self-reported IPV victimization using social media
and mobile phone use data. Despite being exploratory, this is among the first study to utilize
machine learning and advanced statistical approaches in IPV research among a sample of sexual
and gender minorities, predominantly consisting of sexual minority men. The results of the
predictive models employing social media and mobile phone usage data to anticipate self-
reported IPV victimization outcomes present a groundbreaking advancement in the field of
intimate partner violence research among a population that is often neglected in violence
research. Previous research on examining such approach has mainly conducted among women
and using electronic health records (Amusa et al., 2022; Z. Chen et al., 2023; Dehingia et al.,
2022). The optimistic outcomes contribute not only to the literature by demonstrating the
feasibility of using subjective data to predict traditionally hard-to-identify outcomes among
sexual minority men but also provide valuable insights to inform future eHealth and technology-
based interventions aimed at addressing I[PV within this population.

The high F1 scores attained for predicting lifetime physical/sexual IPV victimization and

other IPV victimization experiences such as controlling and monitoring violence suggests the
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robust predictive capabilities of these models when combining different features. By harnessing
the vast amount of information technology and data obtained from the study participants, such as
their online interactions, communication patterns, and geolocation information, these models
offer a novel approach to identifying individuals at risk of experiencing various forms of [PV
victimization over time. A major barrier to IPV research among men in the past is that this
population often doesn't report IPV experiences due to limited awareness, stigma, and lack of
resources (Callan et al., 2021; Scott-Storey et al., 2023; Tsang, 2015). Therefore, the potential of
predicting IPV using social media and mobile phone data presents a promising avenue for early
intervention and support for individuals who may otherwise go unrecognized and underserved.
This innovative approach has the potential to revolutionize IPV prevention and intervention
efforts, particularly among populations historically underrepresented in research and support
services.

Compared to previous research using machine learning to predict IPV risk factors and
victimization (Amusa et al., 2022; Dehingia et al., 2022), the current study advanced these
results by providing prediction performances on different types of IPV and IPV frequency,
utilizing the preliminary data collected in the study. This is particularly significant because it
allows for a more comprehensive understanding of the nuanced dynamics of IPV and its various
manifestations, especially given the findings in the current study and evidence in the literature
that sexual minority men and other sexual and gender minority individuals experience
disproportionately high rates of specific forms of violence over others. This not only contributes
to the advancement of IPV prediction methodologies but also lays the groundwork for future
tailored interventions and support services targeting individuals at heightened risk of

experiencing [PV, especially in a timely manner. The predicting models tested and verified in the
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current study provide a proactive approach to IPV prevention by enabling early identification of
individuals at risk of experiencing various forms of IPV victimization, such early detections
could facilitate timely intervention and support services, potentially triggering further harm and
promoting safety and well-being. For individuals in abusive relationships, the ability to recognize
patterns of abusive behavior through predictive models may empower them to seek help and
break free from cycles of violence. In addition, such approach also suggests the potential of
integrating other sexual health and mental health service delivery among young SMM who
experience [PV, given the high rates of co-occurring vulnerabilities in these domains (Buller et
al., 2014).

However, it is also important to approach these findings with great caution and
acknowledgement of significant limitations. First, the sample size utilized in the model building
and testing was relatively small, comprising only a subset of participants who use Android
mobile devices due to the data collection constraints. This restricted sample may limit the
generalizability of the findings and indicate the need for further validation and replication across
larger and more diverse users and populations. Moreover, considerations surrounding privacy,
data security, and consent must be carefully addressed to ensure the safety of potential users and

protection of sensitive data.
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Limitations and Implications for Research, Practice, and Policy

This study has several limitations. First, the study participants were recruited from an
ongoing cohort study among cisgender young SMM who have sex with men and use substances.
The generalizability of the study findings to other populations is unknown. The eligibility criteria
for the parent study encompass recent substance use and a history of engaging in sexual risk
behaviors associated with HIV. These restrictions may impact and potentially overestimate the
prevalence of main study outcomes including the rates of IPV, PrEP utilization, and ATOD use
compared to the general SMM population. All study data were collected cross-sectionally, and
results were reported as associations. Therefore, causalities cannot be established. Most of the
study measures, including IPV experiences and PrEP adherence, were self-reported, which may
be subject to social desirability bias and recall bias. Some study measures can be further
improved as well. For example, PrEP-related outcomes were only assessed based on an oral daily
regimen instead of considering PrEP modalities such as event-driven PrEP and long-acting
injectable PrEP. It is possible that young SMM who experienced IPV may prefer one method
over the others (Stephenson et al., 2022). This could potentially underestimate the PrEP use
outcome among our study sample as well. Nicotine use was measured by a single-item question.
A more comprehensive assessment, such as using the Penn State Nicotine Dependence Index
(Foulds et al., 2015), as well as other substance use outcomes might provide a holistic
understanding of ATOD use in the context of IPV and PrEP utilization. Lastly, only a small
number of participants and their associated data were included in the machine learning prediction
model, given the restrictions on the data collection tools. The limited sample size may affect the

robustness and generalizability of the predictive models.
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Despite these limitations, the findings of the current study not only contribute to the
literature on intimate partner violence (IPV), PrEP Stigma, substance use, and HIV prevention
among cisgender young SMM but also have significant implications for research, practice, and
policy, particularly in addressing the intersection of these health disparities.

First, the study results underscore the complexity of I[PV among cisgender young SMM,
highlighting the need for further research to understand the specific dynamics of IPV within
intimate relationships. While the current study has documented the prevalence of different forms
of [PV victimization, perpetration, and bi-directional violence among a specific population that is
particularly vulnerable to IPV, future studies should examine these phenomena over time and
delve deeper into the intersections of IPV with other minority stressors such as discrimination,
internalized homophobia, and psychological distress. Understanding the complex associations
between these syndemics among young SMM is crucial. These intersecting syndemics could
further exacerbate the risk and negative effects of IPV on health and mental health outcomes,
collectively lowering the overall health profiles within this population. By exploring these
nuanced intersections, researchers could develop and test more comprehensive frameworks to
understand and address IPV-related disparities among young SMM. In addition, the mixed
findings on the associations between different types of [PV and PrEP utilization suggest the need
for longitudinal studies to understand the long-term effects of IPV on these health behaviors and
outcomes. Future research should also explore the acceptability of utilizing alternative PrEP
options such as on-demand PrEP and long-acting injectable PrEP among young SMM who may
be at the risk of or experiencing IPV, given the increased discretion and reduced adherence

burden associated with these methods. Additionally, qualitative studies could provide an in-depth
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understanding of how IPV influences PrEP engagement and other health behaviors among young
SMM.

The promising results from using social media and mobile phone data to predict IPV
victimization also provide insights and suggest new directions for future IPV research, especially
among men and sexual minority men. These findings not only suggest the feasibility of using
subjective data to predict historically hard-to-measure and highly stigmatized outcomes, but they
also indicate the opportunity to integrate these models into existing web- and internet-based
interventions and strategies that could avoid traditional barriers and deliver services more
efficiently. Future research should continue refining these predictive models using larger datasets
and more general data and evaluate the models’ generalizability across different contexts. One
approach is to consider generating synthetic data by algorithms to train machine learning models
that mimics real-world data (Raghunathan, 2021). Such application can help overcome the
limitation of data scarcity and concerns about privacy, providing a robust alternative for model
training and validation (Jordon et al., 2022). Additionally, this model development and
adaptation must be conducted with ethical considerations such as privacy, consent, and data
security.

Next, the findings of the current study also provide valuable insights to inform clinical
social work and public health practices. The high prevalence of IPV victimization, perpetration,
and bi-directional violence suggested the need for increased I[PV screening across various
settings, including healthcare facilities, community health centers, and social service agencies.
Such screening services for IPV can help identify victims and survivors and provide early and
timely support services to prevent further and more severe harm. This also includes developing

and testing effective screening tools that are culturally appropriate and assess IPV in a sensitive
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and non-judgmental manner. These approaches could enhance the detection and support of I[PV
cases and improve intervention strategies. In addition, adopting a trauma-informed care approach
is critical in supporting sexual and gender minority individual who experienced violence,
especially from their intimate partners. These practices recognize the persistent and complex
impacts of traumatic experiences such as violence and abuse (Bath, 2008; Kimberg & Wheeler,
2019; Reeves, 2015), and prioritize building strengths and resilience of individuals (Center for
Substance Abuse Treatment (US), 2014). Implementing trauma-informed care and practices in
mental health and sexual health settings could empower SMM, enhance their engagement in
health services such as PrEP utilization, and foster a trusting provider-patient relationship.
Meanwhile, the findings also suggested that practitioners working with SMM should create an
integrated service line to addressing multilevel vulnerabilities, including IPV, substance use,
stigma reduction, and HIV prevention. Comprehensive support services that address these
intersecting issues are essential given that many of them may co-occur within the young SMM
communities. Integrating these services could reduce the barriers and burdens young SMM face
when seeking help, making it easier for them to access the necessary support. In addition,
creating multidisciplinary service teams that include medical doctors, nurse practitioners, social
workers, and mental health counselors, and community health providers can enhance the
effectiveness of comprehensive sexual health and mental health services provided to cisgender
young SMM.

Lastly, the findings of the current study suggest that policy efforts should focus on
enforcing comprehensive legislation that protects individuals and provides services to IPV
victims and survivors from sexually and gender-diverse backgrounds. Previous evidence

suggests that men are less likely to report and seek help after experiencing IPV because of
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gender-biased social and policy responses and external social service barriers (Scott-Storey et al.,
2023; Tsang, 2015). By addressing these issues, policymakers can ensure that victims and
survivors have access to the necessary support and resources. Such efforts also entail
comprehensive sexual health education that recognizes IPV as an issue among sexually and
gender-diverse individuals, encourages conversations on fostering healthy relationships, and

empowers individuals to seek help when experiencing violent and traumatic behaviors.
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CONCLUSION

In conclusion, the current study contributes to the literature by describing intimate partner
violence (IPV) among a sample of cisgender young sexual minority men who have sex with men
and use substances. It provides a foundation for further exploration of how IPV may influence
PrEP (pre-exposure prophylaxis) utilization for HIV prevention in these populations. The results
offer insights into understanding the underlying mechanisms of the relationship between IPV and
PrEP utilization by integrating the Syndemic Theory and the Minority Stress Model.
Additionally, the findings demonstrate the potential of using machine learning and data from
social media and mobile phone use to predict IPV experiences among a highly stigmatized
population. This approach offers a new pathway for delivering IPV-related services to
individuals who face multiple barriers when seeking help. These results can be utilized to
develop and tailor interventions and services aimed at addressing health disparities and

promoting health equity within young sexual minority men.
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