medRxiv preprint doi: https://doi.org/10.1101/2025.01.21.25320897; this version posted January 22, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

Title: Applying an Intersectional Approach to Examine the Associations between Sexual Minority
Stressors, Resilience, and Substance Misuse Disparities among a National Sample of Sexual Minority
Populations

Authors: Chen Zhang'" (chen_zhang@urmc.rochester.edu); Shan Qiao® (shangiao@mailbox.sc.edu),
Wonkyung Chang' (wonkyung chang@urmec.rochester.edu), Yu Liv® (yu_liu@urmc.rochester.edu)

1. School of Nursing, University of Rochester, Rochester, NY, USA

2. Arnold School of Public Health, University of South Carolina, Columbia, SC, USA

3. School of Medicine and Dentistry, University of Rochester, Rochester, NY, USA

*Corresponding author

Chen Zhang: email: chen_zhang@urmc.rochester.edu; srph10@gmail.com ; telephone: 1-585-276-
6495

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.


mailto:chen_zhang@urmc.rochester.edu
mailto:srph10@gmail.com
https://doi.org/10.1101/2025.01.21.25320897
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.01.21.25320897; this version posted January 22, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

Abstract:

Objectives: Our study aims to investigate the associations between sexual minority stressors, resilience
factors, and substance misuse outcomes, using an intersectional framework to examine heterogeneities
across sexual minority populations (SMPs). The study hypothesized that resilience factors would mitigate
the adverse effects of minority stressors on alcohol and drug misuse risks.

Design: The current study employed a secondary data analysis strategy to analyze a cross-sectional data
using Bayesian hierarchical modeling and Multilevel Analysis of Individual Heterogeneity and
Discriminatory Accuracy (MAIHDA).

Setting: Data were obtained from the Generation Study (Wave 1), a nationally representative cohort of
SMPs in the United States.

Participants: The study included 1,518 participants aged 18-59. Combinations of education, birth sex,
sexual orientation, income, and race/ethnicity defined intersectional strata. Participants were selected
based on self-reported demographic and behavioral data.

Primary and Secondary Outcome Measures: Primary outcomes were the risks of alcohol use
disorder (AUD) and drug use disorder (DUD), measured using validated scales (AUDIT and DUDIT).
Explanatory variables included resilience factors (social support, life satisfaction, social well-being,
community connectedness) and sexual minority stressors (everyday discrimination, perceived stigma,
healthcare stereotype threat, internalized homophobia).

Results: Bayesian modeling identified everyday discrimination as the strongest predictor of AUD
(Estimate = 0.10, 95% CI [0.01, 0.18]) and DUD (Estimate = 0.23, 95% CI [0.15, 0.32]). Perceived
stigma was negatively associated with AUD risk (Estimate = -0.06, 95% CI [-0.12, 0.00]), and social
well-being was inversely associated with DUD risk (Estimate = -0.17, 95% CI [-0.23, -0.10]). MAIHDA
revealed that intersectional strata contributed to 1.61% of the variance in AUDIT scores and 1.88% in
DUDIT scores. Including resilience and stressors in the model explained 93.6% of the strata-level
variance for AUDIT and 34.45% for DUDIT, underscoring the significant impact of these factors on
substance misuse disparities.

Conclusions: The findings highlight the complex interplay between resilience, stressors, and
intersectional identities in substance use behaviors among SMPs. Using an intersectional framework and
MAIHDA can enhance understanding of heterogeneities in substance misuse across strata and inform
targeted, equity-focused interventions to reduce disparities. Further research should explore longitudinal
effects and intervention development.
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INTRODUCTION

Substance use disorders, including alcohol and drug misuse, remain critical public health
challenges globally, with disproportionate burdens observed among sexual minority populations
(SMPs).22 Evidence consistently demonstrates higher prevalence rates of alcohol and drug use
among SMPs compared to their heterosexual counterparts, likely driven by complex interplays of
social stigma, discrimination, and unique stressors experienced across diverse, intersectional
identities.®

The elevated prevalence of substance use among SMPs has been linked to minority stress
theory, which explains how stigmatization and discrimination create chronic stressors and
increase health risks.* Specifically, SMPs frequently experience unique stressors, including
internalized stigma, healthcare stereotype threats, and everyday discrimination.*® These stressors
can increase susceptibility to substance use and limit access to protective factors (e.g., social
support and community connectedness). These stressors further exacerbate the use of substances
as a coping mechanism, resulting in serious health issues such as increased sexual risk through
condomless sex, self-harm, depression, and poor quality of life.® Conversely, resilience factors
like social well-being and self-satisfaction can potentially mitigate the adverse effects of these
stressors.”® However, existing studies often examine these factors in isolation, failing to account
for the intersectionality of social identities that shape these experiences.*5° The intersectionality
framework moves beyond focusing on a single identity, helping us understand the complex
experiences of individuals shaped by multiple identities (e.g., race, sexual orientation).”!!
Incorporating intersectionality into health research can provide a more nuanced understanding of

disparities and address the unique needs of diverse subgroups within SMPs.!?
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In addition to the lack of studies exploring how intersectional identities and social status
affect substance abuse experiences, current research on alcohol and drug use behaviors among
SMPs faces several methodological limitations. (a) limited sample size as the result of the
multilayered stratification process; (b) compromised model parsimony and scalability due to the
high dimensionality of strata intricacies; (c) interpretability challenges due to the complex
analytical procedures of synergistic or antagonistic interactions of identified strata, and (d) the
strata-level averages may obscure individual's risk profiles due to the homogenization of diverse
experiences within groups, masking the significant variability and nuances in health determinants
and outcomes among individuals.!>"!¢ These issues obscure critical distinctions in health
determinants among diverse individuals, impeding a comprehensive understanding of health
disparities. Therefore, we need an advanced statistical model to examine the varied experiences

within and between intersecting socioeconomic strata.

To overcome identified methodological challenges, '

we advocate for applying the
Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MATHDA) to
examine group averages alongside variations at multiple levels, both within and across
groups.'”!8 MAIHDA has emerged as a powerful tool for advancing intersectionality theory!>!*
in quantitative research, allowing researchers to quantify the discriminatory accuracy of social
strata in predicting health outcomes. By incorporating random intercepts and slopes, this
approach captures the variability of stressor and resilience effects across intersectional groups,
providing a more nuanced understanding of health disparities.'®2° In the context of SMP

research, MAIHDA can uncover how combinations of social identities shape alcohol and drug

use behaviors, revealing patterns that traditional models fail to capture.'>!8
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The primary objective of this study is to examine how intersectionality impacts the
associations between stressor and resilience profiles and substance use behaviors (i.e., alcohol
and drug use) among SMPs. Using data from a nationally representative sample of the
Generation Study,! this research addresses the following questions: (1) How do resilience
factors (e.g., social support, self-satisfaction, social well-being, community connectedness) and
stressors (e.g., everyday discrimination, internalized homophobia, healthcare stereotype threat)
relate to alcohol and drug use outcomes in SMPs? (2) To what extent do intersectional strata,
defined by education level, sex, sexual orientation, income, and race/ethnicity, influence these
relationships? (3) How do between-strata heterogeneity and within-strata variability contribute to
understanding substance use behaviors in SMPs? By integrating intersectionality theory and
MAIHDA, this study aims to fill critical gaps in the literature, advancing our understanding of

the structural and social mechanisms driving substance use disparities among SMPs.

METHODS:

Study Design and Data Collection: This study employed a secondary data analysis of cross-
sectional data from the Generation Study, a nationally representative cohort investigating stress,
health outcomes, and substance use among sexual minority populations (SMPs) in the United
States.?! The Generation Study recruited participants aged 18-59 from three age cohorts using a
dual-frame random sampling procedure.?! The final analytic sample consisted of 1,518
participants, with sociodemographic diversity in gender, sexual orientation, race/ethnicity,
income, and education levels. Data were collected through self-administered surveys, capturing

detailed measures of substance use, sexual minority stressors, and resilience factors.
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Key Variables: The primary outcomes of interest were alcohol use, assessed with the Alcohol
Use Disorders Identification Test?>2* (AUDIT [Cronbach's alpha=0.790]), and drug use,
measured using the Drug Use Disorders ldentification Test?®2® (DUDIT [Cronbach's
alpha=0.856]). Key explanatory variables included resilience factors (e.g., social support?’
[Cronbach's alpha=0.925], life satisfaction?® [Cronbach's alpha=0.905], social well-being?®
[Cronbach's alpha=n/a], and community connectedness*® [Cronbach's alpha=0.863]), stressors
(e.g., everyday discrimination®'[Cronbach's alpha=0.909], perceived stigma®?23 (Cronbach's
alpha=0.902), healthcare stereotype threat®* [Cronbach's alpha=0.902], and internalized stigma®
[Cronbach's alpha=0.902]). Intersectional strata included education ('less than high school' vs. 'at
least high school’), birth sex (‘female’ vs. 'male'), sexual orientation (‘lesbian’, ‘gay’, 'bisexual and
others"), income level ('low', 'medium’, and 'high'), and race/ethnicity (‘Black’, 'Hispanic' and
'‘White and others'). To address issues with sparse data, categories with small percentages (<5%)

were combined with related groups to ensure robust statistical analysis.

Analytical Procedures: First, descriptive analyses were conducted to summarize the data
distributions of outcome variables (AUDIT and DUDIT) and explanatory variables. Frequencies
and percentages were computed for categorical variables, while means and standard deviations
were calculated for continuous variables. We further conducted stratified analyses to examine
differences across key demographic subgroups (e.g., gender, sexual orientation, income level).
Effect sizes (Cohen's d and eta-squared) with 95% confidence intervals (Cl) were calculated to
assess the magnitude of group differences. Secondly, Bayesian hierarchical models were used to
investigate associations between resilience and stressor predictors with substance use outcomes.
Bayesian analysis was chosen for its flexibility in modeling complex hierarchical structures and

its ability to incorporate prior information to improve model estimation, particularly when
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dealing with small or sparse data within intersectional strata. This approach allows for more
robust estimates and credible intervals, accounting for uncertainty in parameter estimation.'8:3
Random intercept models accounted for within-strata variability, while fixed effects estimated
predictor-outcome relationships. Posterior distributions of coefficients were summarized using
means, standard deviations, and 95% credible intervals. Convergence diagnostics (e.g., R-hat)
and effective sample sizes (ESS) were evaluated to ensure model reliability. Thirdly, MAIHDA
was conducted to assess heterogeneity in substance use outcomes across intersectional strata.
Null models estimated variance attributable to strata-level factors, and main-effects models
incorporated demographic, resilience, and stressor predictors. Intraclass correlation coefficients
(ICC) and proportional change in variance (PCV) quantified the explanatory power of the
predictors. Lastly, multiple imputation was conducted using predictive mean matching via the
mice package in R. Fifty imputations were performed to address missing data, and sparse strata
(fewer than 10 participants) were merged using a lumping function to ensure sufficient group
sizes for robust analysis. Imputation diagnostics confirmed the quality of the imputed datasets.

All analyses were conducted using the ®R package.

RESULTS

The descriptive analysis revealed notable differences in AUDIT and DUDIT scores across
demographic groups. Females reported lower mean AUDIT scores (mean=2.61, standard
deviation (sd) = 2.15) than males (mean=2.98, sd = 2.40; Cohen's d = -0.16). Similarly, bisexual
participants had higher mean DUDIT scores (mean=3.87, sd = 5.69) compared to lesbian
participants (mean=2.30, sd = 4.70; eta-squared = 0.02). Resilience factors such as social support
and life satisfaction exhibited modest variations across gender and sexual orientation. At the

same time, stressors like everyday discrimination were consistently higher among racial/ethnic
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minorities and low-income groups (Table 1). When assessing strata-specific data and excluding
outliers, the group labeled as Black bisexual male with medium income and at least high school
education reported the highest AUDIT score (mean=7.00, sd=00), and Hispanic bisexual male

with medium income and less than high school reported the highest DUDIT score (mean=25.00,

sd=0.00) (SuppTable la-1b).

Bayesian regression analyses highlighted the significant role of everyday discrimination as
a predictor of both alcohol and drug use. For AUDIT, everyday discrimination had a positive
association (Estimate = 0.10, 95% CI [0.01, 0.18]), while perceived stigma showed a negative
trend (Estimate = -0.06, 95% CI [-0.12, 0.00]). For DUDIT, everyday discrimination exhibited a
more substantial effect (Estimate = 0.23, 95% CI [0.15, 0.32]), with perceived stigma negatively
associated (Estimate =-0.11, 95% CI [-0.17, -0.05]). Resilience factors such as social well-being
demonstrated protective effects against drug use (Estimate = -0.17, 95% CI [-0.23, -0.10])
(Table 2). Speaking of the model fit, the observed data (y) closely align with the replicated
distributions (y_rep), indicating that the models effectively captured the data's underlying
structure for both models (SuppFig.1a-1b). The posterior distributions of predictors revealed
that everyday discrimination consistently demonstrated the strongest positive association with
both outcomes. On the other hand, resilience factors such as social well-being showed protective
effects, particularly against drug use in the DUDIT model. Negative associations were observed

for perceived stigma, highlighting its complex and varying role across the models (Fig.1a-1b).

The MAIHDA analyses provided critical insights into substance use disparities by
examining the contributions of demographic factors (Table 3a), and resilience factors and

stressors (Table 3b). In Table 3a, models incorporating demographic factors such as birth sex,
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sexual orientation, and race reduced the unexplained strata-level variation in AUDIT to 5.89%
and DUDIT to 0%. Birth sex and sexual orientation emerged as significant explanatory variables,
with male and bisexual participants demonstrating higher substance use outcomes compared to
other groups. Table 3b highlights the role of resilience factors and stressors in explaining
substance use outcomes. Everyday discrimination was the strongest positive predictor of AUDIT
(Estimate = 0.097, 95% CI [0.013, 0.182]) and DUDIT (Estimate = 0.233, 95% CI [0.151,
0.315]), while social well-being exhibited significant protective effects against drug use
(Estimate = -0.166, 95% CI [-0.234, -0.097]). Perceived stigma also had a consistent negative
association with both outcomes. These key explanatory factors explained 93.6% of the strata-
level variation in AUDIT and 34.45% in DUDIT, underscoring their substantial contributions to
understanding substance use disparities across intersectional strata. Our analyses revealed that
main-effects models with predictors (e.g., everyday discrimination) significantly reduce strata-

level variation compared to null models, especially for DUDIT outcomes (Table 3a-3b, Fig.2).

DISCUSSION

Our study employed the MAIHDA to assess the nuanced associations between resilience factors,
stressors, and alcohol and drug use behaviors among SMPs, guided by the intersectional
framework.121* We quantified how combinations of social identities modulate these associations
to explore the interplay of resilience and stress across diverse intersectional strata. The analyses
revealed distinct patterns in how resilience and stressor variables relate to alcohol and drug use
outcomes among SMPs. Social support and community connectedness consistently demonstrated
protective effects against substance use across strata, while the magnitude of these associations

varied. Stressors such as everyday discrimination and internalized homophobia were strongly
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associated with increased substance use, highlighting the role of minority stress in driving health
disparities. Notably, our MAIHDA framework identified significant heterogeneity in these
associations across intersectional strata, emphasizing the critical influence of individual identities

such as sex, race/ethnicity, sexual orientation, income level, and education.

Our study echoed findings from existing studies that reported social support and community
connectedness played a buffering role in mitigating substance use among socially marginalized
groups.%3” Furthermore, stressors such as everyday discrimination and internalized homophobia
showed strong associations with increased substance use, consistent with the minority stress
framework, which posits that chronic stress from social marginalization exacerbates health
disparities.*? Notably, the strength of these associations was intensified in intersectional strata
characterized by compounding vulnerabilities, such as low-income, non-White, and gender-
minority groups. Similar patterns were reported in studies conducted by Coulter et al. (2018) and
Mereish & Bradford (2014), where intersectional stressors disproportionately impacted substance
use among SMPs.*®* Our findings extend the existing literature by leveraging the MAIHDA

framework to capture heterogeneity in these associations across intersectional strata.

Unlike traditional models, which often assume uniform stress and resilience effects, the
MAIHDA application captured previously unrecognized variability in the protective effects of
resilience factors, underscoring the necessity of intersectional analyses. Specifically, while
resilience factors such as social well-being offered robust protection against substance use for
higher-income, White SMPs, their protective effects were less pronounced in low-income, non-
White groups. This observation underscores the necessity of addressing structural determinants

that shape the efficacy of resilience factors. Similarly, the amplified effects of stressors in

10
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economically marginalized and racially ethnically diverse strata highlight the intersectionalized
vulnerabilities faced by SMPs at the intersection of multiple minority identities. Therefore,
MAIHDA identified substantial between-strata heterogeneity, with intersectional strata

explaining a meaningful proportion of variance in substance use outcomes.

Several limitations warrant consideration. First, the cross-sectional design precludes
causal inference, limiting our ability to disentangle temporal relationships between stressors,
resilience factors, and substance use. Second, the reliance on self-reported measures may
introduce recall bias. Third, while MAIHDA allows for a detailed examination of
intersectionality, some strata had sparse data, necessitating strata merging that may obscure finer
distinctions. Fourth, some strata suffer sparse data issues due to the limited sample size. Fifth,
the nature of secondary data analyses may constrain the ability to test hypotheses beyond the
scope of the original data collection, as the available variables may not fully capture all relevant
variables or account for confounders critical to the research question. Lastly, the study focused

on SMPs in the U.S., and findings may not generalize to other cultural or geographic contexts.

Despite these limitations, our findings underscore the importance of incorporating intersectional
analyses into health research with SMPs. Our study highlights the necessity of tailored
interventions that address the unique needs of SMP subgroups, particularly those facing
intersecting structural and social disadvantages. For example, interventions should prioritize
reducing stressors like everyday discrimination while strengthening resilience through
community support initiatives. Policymakers should also consider tackling structural inequities,
such as income disparities and systemic racism, that exacerbate substance use risks among

SMPs. Future research should build on this study by employing longitudinal designs to assess

11
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causal pathways and changes over time. Additionally, integrating qualitative methods could
deepen our understanding of lived experiences within specific strata. Expanding MAIHDA to
examine other health outcomes and incorporating more diverse SMP populations would further

enhance the generalizability and impact of this work.

In conclusion, this study demonstrates the utility of MAIHDA for examining health disparities
through an intersectional lens among SMPs. By capturing the complex interplay of resilience,
stress, and social identities, our findings provide actionable insights for advancing health equity
among SMPs and addressing the disproportionate burden of substance use in this vulnerable

population.
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Strengths and Limitations:

e This study employs Multilevel Analysis of Individual Heterogeneity and Discriminatory
Accuracy (MAIHDA), a robust statistical method that captures the nuanced interplay of
intersecting identities, allowing for a detailed understanding of resilience and stressor
effects across diverse sexual minority populations (SMPs).

e The study leverages validated instruments (e.g., AUDIT, DUDIT) for substance misuse
and well-established scales for resilience and stressors, ensuring reliability and
consistency in measuring key variables.

e By using data from the Generation Study (https://www.generations-study.com/), which
includes a diverse, nationally representative cohort, the findings are broadly applicable to
SMPs in the United States.

e The study's cross-sectional nature limits causal inferences, restricting the ability to
establish temporal relationships between stressors, resilience, and substance misuse.

e While MAIHDA addresses sparse data issues to an extent, merging small intersectional
strata may obscure finer distinctions in resilience and stressor impacts, potentially
limiting the granularity of the findings.

The original protocol for the study: see the supplementary files and the study website
(https://www.generations-study.com/).
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Table 1. Descriptive Analysis for substance use, resilience factors and stressors by demographic factors.

Demographics Substance use Resilience Factors Stressors
ADUIT DUDIT Connected Social well- Life Social Everyday Felt stigma Healthcare Internalized
ness being Satisfaction  support discrimination Threat stigma
Gender Female (n=805) 2.61 3.30 2.97 4.58 4.31 5.25 1.99 2.70 2.52 1.54
(sd=2.15) (sd=5.56) (sd=0.56) (sd=0.92) (sd=1.65) (sd=1.27) (sd=0.71) (sd=0.92) (sd=1.01) (sd=0.69)
Male (n=691) 2.98 3.30 2.94 4.74 4.33 5.14 1.81 2.62 2.63 1.73
(sd=2.40) (sd=5.41) (sd=0.57) (sd=0.88) (sd=1.60) (sd=1.32) (sd=0.66) (sd=0.96) (sd=1.13) (sd=0.82)
Cohen's d and 95 ClI -0.16 2.29e-04 0.05 -0.18 -0.01 0.08 0.27 0.08 -0.10 -0.25
(-0.27, -0.06)  (-0.10, 0.10) (-0.05, 0.15) (-0.28, -0.08)  (-0.11, 0.09) (-0.02, 0.18) (0.16, 0.37) (-0.02, 0.18) (-0.20, 0.00) (-0.35, -0.15)
Sexual Bisexual (n=490) 2.81 3.87 2.90 4.48 4.05 5.16 2.05 2.69 2.46 1.67
Orientation (sd=2.32) (sd=5.69) (sd=0.521) (sd=0.906) (sd=1.58) (sd=1.22) (sd=0.71) (sd=0.93) (sd=1.03) (sd=0.79)
Gay (n=533) 2.89 2.90 2.98 4.81 4.46 5.18 1.76 2.62 2.64 1.68
(sd=2.29) (sd=5.24) (sd=0.57) (sd=0.88) (sd=1.63) (sd=1.39) (sd=0.66) (sd=0.96) (sd=1.13) (sd=0.79)
Lesbian (n=288) 2.48 2.30 3.01 4.73 4.55 5.32 1.81 2.73 2.50 1.52
(sd=2.13) (sd=4.70) (sd=0.60) (sd=0.97) (sd=1.67) (sd=1.30) (sd=0.66) (sd=0.91) (sd=0.96) (sd=0.68)
Others (n=207) 2.86 4.52 3.01 4.58 4.25 5.13 (sd=1.24) 2.06 (sd=0.70) 2.59 2.78 1.53
(sd=2.36) (sd=6.76) (sd= 0.58) (sd=0.80) (sd=1.58) (sd=0.96) (sd=1.09) (sd=0.68)
Eta square 4.36e-03 0.02 6.81e-03 0.02 0.02 2.50e-03 | 0.04 2.61e-03 0.01 8.76e-03 |
[0.00, 1.00] [0.01, 1.00] [0.00, 1.00] [0.01, 1.00] [0.01, 1.00] [0.00, 1.00] [0.02, 1.00] [0.00, 1.00] [0.00, 1.00] [0.00, 1.00]
Race Black (n=182) 2.59 3.78 3.03 4.37 3.75 4.96 2.25 2.86 2.59 1.81
(sd=2.28) (sd=6.49) sd=0.598 sd=0.875 sd=1.63 (sd=1.35) (sd=0.77) (sd=0.86) (sd=1.15) (sd=0.87)
Hispanic (n=270) 2.73 4.00 3.07 4.58 4.26 5.36 1.96 2.65 2.69 1.69
(sd=2.19) (sd=6.26) (sd=0.53) (sd=0.84) (sd=1.54) (sd=1.18) (sd=0.67) (sd=0.91) (sd=1.07) (sd=0.81)
White and others 2.83 3.00 2.92 4.72 4.44 5.20 1.83 2.63 2.54 1.57
(n=1044) (sd=2.29) (sd=5.01) (sd=0.56) (sd=0.92) (sd=1.63) (sd=1.31) (sd=0.66) (sd=0.96) (sd= 1.05) (sd=0.72)
Eta square 1.25e-03 6.01e-03 0.01 0.02 0.02 6.90e-03 0.04 6.55e-03 2.68e-03 0.01
[0.00, 1.00] [0.00, 1.00] [0.00, 1.00] [0.01, 1.00] [0.01, 1.00] [0.00, 1.00] [0.03, 1.00] [0.00, 1.00] [0.00, 1.00] [0.00, 1.00]
Income High (n=227) 2.92 2.02 2.92 5.04 5.26 5.39 1.63 2.42 2.37 1.58
(sd=2.20) (sd=4.62) (sd=0.55) (sd=0.80) (sd=1.39) (sd=1.22) (sd=0.60) (sd=0.93) (sd=1.03) (sd=0.76)
Medium (n=397) 3.03 2.41 2.89 4.85 4.72 5.26 1.76 2.61 2.53 1.60
(sd=2.33) (sd=4.23) (sd=0.58) (sd=0.89) (sd=1.56) (sd=1.38) (sd=0.61) (sd=0.91) (sd=1.07) (sd=0.73)
Low (n=894) 2.64 4.05 3.00 4.47 3.90 5.11 2.04 2.75 2.65 1.65
(sd=2.27) (sd=6.16) (sd=0.56) (sd=0.89) (sd=1.57) (sd=1.28) (sd=0.72) (sd=0.95) (sd=1.07) (sd=0.77)
Eta square 5.86e-03 0.03 8.17e-03 | 0.06 0.10 6.53e-03 | 0.06 0.02 8.45e-03 | 1.74e-03
[0.00, 1.00] [0.01, 1.00] [0.00, 1.00] [0.04, 1.00] [0.08, 1.00] [0.00, 1.00] [0.04, 1.00] [0.01, 1.00] [0.00, 1.00] [0.00, 1.00]
Education Less than high school 2.43 4.01 3.00 4.29 3.93 5.02 2.11 (sd=0.76) 2.80 2.68 1.71
(n=309) (sd=2.31) (sd=5.99) (sd=0.60) (sd=0.91) (sd=1.53) (sd=1.28) (sd=0.92) (sd=1.05) (sd=0.70)
At least high school 2.87 3.14 2.95 4.75 4.42 5.24 1.85 (sd=0.67) 2.62 2.55 1.60
(n=1209) (sd=2.27) (sd=5.44) (sd=0.55) (sd=0.88) (sd=1.64) (sd=1.30) (sd=0.95) (sd=1.07) (sd=0.77)
Cohen's d and 95 ClI -0.19 0.16 0.09 -0.51 -0.30 -0.17 0.37 0.18 (0.06, 0.12 0.14
(-0.32, -0.07)  (0.03, 0.28) (-0.04, 0.21) (0.64, -0.38) (-0.43, -0.17)  (-0.29, -0.04) (0.25, 0.50) 0.31) (0.00, 0.25) (0.02, 0.27)
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Table 2. Bayesian Regression Coefficients for Stressor and Resilience Factors Predicting Alcohol Use (AUDIT) and Drug Use (DUDIT)
Among Sexual Minority Groups

Predictor Estimate Est. 95% CI 95% CI Rhat Bulk ESS Tail ESS
Error (Lower) (Upper)

ALCOHOL USE AS THE OUTCOME (AUDIT)

Connectedness 0.02 0.05 -0.08 0.11 1.0 11209 6138
Social Well-Being 0.02 0.04 -0.05 0.08 1.0 10301 6961
Life Satisfaction 0.03 0.02 -0.01 0.07 1.0 10304 6517
Social Support -0.0 0.02 -0.05 0.04 1.0 10639 6198
Everyday Discrimination 0.10 0.04 0.01 0.18 1.0 10111 6240
Perceived Stigma -0.06 0.03 -0.12 0.0 1.0 10760 5672
Healthcare Threat 0.01 0.03 -0.05 0.06 1.0 11481 5983
Internalized Stigma -0.04 0.04 -0.11 0.04 1.0 11831 6024
Connectedness 0.09 0.05 -0.0 0.18 1.0 10742 6382
Social Well-Being -0.17 0.04 -0.23 -0.10 1.0 9660 5296
Life Satisfaction -0.01 0.02 -0.05 0.03 1.0 7872 5683
Social Support 0.01 0.02 -0.03 0.05 1.0 10568 5696
Everyday Discrimination 0.23 0.04 0.15 0.32 1.0 9700 6046
Perceived Stigma -0.11 0.03 -0.17 -0.05 1.0 11429 5953
Healthcare Threat -0.05 0.03 -0.10 -0.00 1.0 11437 6222
Internalized Stigma 0.03 0.04 -0.03 0.10 1.0 12347 5923
Notes:

e Estimate: Posterior mean of the regression coefficient, indicating the central tendency of the posterior distribution.
Est. Error: Standard deviation of the posterior distribution, reflecting uncertainty around the estimate.
Credible Interval (I-95% CI, u-95% CI): 95% credible interval showing the range within which the parameter likely falls with 95% probability.
Indicates statistical or practical relevance (whether it includes 0).

¢ Rhat: Convergence diagnostic; values near 1 indicate good convergence.

e Bulk ESS & Tail ESS: Effective sample sizes assessing posterior sample quality. Bulk ESS reflects mixing in the bulk, while Tail ESS assesses
reliability in the tails.
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Table 3a. Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MAIHDA) with Demographic Predictors

Intercept

Gender

Female

Male

Sexual Orientation
Bisexual

Gay

Lesbian

Others

Race

Black

Hispanic

White and others
Income

High

Medium

Low

Education

Less than high school
At least high school

AUDIT

Null

Main-effect model Null

DUDIT

Main-effect model

Fixed effect (estimate and 95% CI)

-0.009 (-0.074, 0.055)

-0.150 (-0.402, 0.103) 0.027 (-0.053, 0.108)

0.245 (0.081, 0.409)  --

ref -
-0.202 (-0.373, - -
0.031)

-0.109 (-0.268, 0.050) --
-0.005 (-0.174,0.164) --

ref -
-0.011 (-0.201, 0.180) --
0.028 (-0.133, 0.188) --

ref -
0.049 (-0.120, 0.219) -
-0.096 (-0.255, 0.063) --

ref —
0.195 (0.063, 0.327) -

-0.125 (-0.371, 0.121)

0.070 (-0.090, 0.229)

ref
-0.127 (-0.294, 0.041)

-0.179 (-0.333, -0.025)
0.102 (-0.063, 0.266)

0.025 (-0.162, 0.212)
-0.125 (-0.283, 0.032)

0.111 (-0.054, 0.275)
0.359 (0.205, 0.514)

-0.004 (-0.133, 0.125)

Strata
Residual

Percent of Between-
Strata Variation
Unexplained by
Main Effects

ICC
PCV

Random Effect (estimate and 95% CI)

0.016 (-0.107, 0.139)
0.987 (0.014, 1.961)

0.001 (-0.029, 0.031)

0.985 (0.012, 1.958)  0.958 (-0.001, 1.917)

0.0477 (-0.166,0.261)

n/a
0.963 (0.001, 1.925)

n/a 5.89% n/a 0%
1.72 % 0.1% 4.93 % 0.09 %
94.16 % 98.24 %

Notes: ICC: intra-cluster correlation; PCV: proportional change in variance
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Table 3b. Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MAIHDA) with Resilience and Stressor

Predictors
AUDIT DUDIT
Null Main-effect model Null Main-effect model
Fixed effect (estimate and 95% Cl)

Intercept -0.009 (-0.074, -0.235 (-0.732, 0.263)  0.027 (-0.079, 0.133) 0.448 (-0.035, 0.930)

0.056)
Connectedness -- 0.015(-0.082,0.112) -- 0.088 ( -0.007, 0.183)
Social Well-Being - 0.016 (-0.055, 0.086)  -- -0.166 (-0.234, -0.097)
Life Satisfaction - 0.031 (-0.009, 0.071)  -- -0.011 (-0.050, 0.028)
Social Support - -0.003 (-0.047, 0.042) -- 0.009 (-0.035, 0.052)
Everyday Discrimination -- 0.097 (0.013, 0.182) -- 0.233 (0.151, 0.315)
Perceived Stigma -- -0.056 (-0.117, 0.004) -- -0.112 (-0.171, -0.053)
Healthcare Threat -- 0.005 (-0.047,0.058)  -- -0.051 (-0.102, 0.000)
Internalized Stigma - -0.039 (-0.111, 0.033)  -- 0.034 (-0.036, 0.104)

Strata
Residual

Percent of Between-Strata
Variation Unexplained by
Main Effects

ICC
PCV

Random effect (estimate and 95% CI)
0.016 (-0.107, 0.139) 0.015(-0.104, 0.134)  0.048 (-0.166, 0.262) 0.016 (-0.109, 0.142)
0.987 (0.014, 1.961)  0.984 (0.012, 1.956) 0.958 (-0.001, 1.917)  0.924 (0.001, 1.866)

n/a 93.6% n/a 34.45%
1.72 % 1.61 % 493 % 1.88 %
7.31 % 64.31 %

Notes: ICC: intra-cluster correlation; PCV: proportional change in variance
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‘Strata-Level Variations in MAIHDA Analyses
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Pasterior Distributions of Predictors of AUDIT
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