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Abstract

Objective: Examine drivers of durable viral suppression (DVS) disparities among people with
HIV (PWH) using quantitative intersectional approaches.

Design: Retrospective cohort analysis from electronic health records informed by
intersectionality to better capture the concept of interlocking and interacting systems of
oppression.

Methods: We analyzed data of PWH seen at a LGBTQ federally qualified health center

in Chicago (2012-2019) with =3 viral loads. We identified PWH who achieved DVS using
latent trajectory analysis and examined disparities using three intersectional approaches: Adding
interactions, latent class analysis (LCA), and qualitative comparative analysis (QCA). Findings
were compared to main effects only regression.

Results: Among 5,967 PWH, 90% showed viral trajectories consistent with DVS. Main effects
regression showed that substance use (OR: 0.56, 0.46-0.68) and socio-economic status like being
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unhoused (OR: 0.39, 0.29-0.53), but not sexual orientation or gender identity (SOGI) were
associated with DVS.

Adding interactions, we found that race and ethnicity modified the association between insurance
and DVS (p for interaction <0.05). With LCA, we uncovered four social position categories
influenced by SOGI with varying rates of DVS. For example, the transgender women-majority
class had worse DVS rates versus the class of mostly non-poor white cisgender gay men (82%

vs 95%). QCA showed that combinations, rather than single factors alone, were important

for achieving DVS. Combinations vary with marginalized populations (e.g., Black gay/leshian
transgender women) having distinct sufficient combinations compared to historically privileged
groups (e.g., white cisgender gay men).

Conclusion: Social factors likely interact to produce DVS disparities. Intersectionality-informed
analysis uncover nuance that can inform solutions.
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Introduction

Achieving durable viral suppression (DVS) is an important treatment milestone for people
with human immunodeficiency virus (PWH).[1] DVS translates to benefits such as lower
risk for HIV-associated chronic conditions and population benefits since virally suppressed
individuals are highly unlikely to transmit HIV.[2-5] Achieving DVS is a key strategy in
the US Ending the HIV Epidemic plan.[6] Unfortunately, the achievement of one-time viral
suppression in the United States remain sub-optimal at ~65%.[7,8] Importantly, one-time
viral suppression disparities by race-ethnicity, gender, socio-economic status (SES), and
other demographic variables exist.[9,10]

These disparities are largely due to social factors. Poor viral suppression is associated with
society-inflicted adverse conditions like having depression, living in economically-deprived
areas, or facing difficulty in meeting daily needs.[9,11,12] HIV viral suppression disparities
are produced by the complex interactions of health and societal systems with intersectional
social position and identities among PWH populations.[9,13] Despite this underlying theory,
research typically focused on isolating the role of a single social determinant of health
(SDOH) or examining disparities through a single axis of identity (e.g., just race).[13,14] In
turn, policy recommendations often target singular issues or population groups.

There is an increasing call within public health to apply intersectionality in health research.
[13-15] An intersectional approach attempts to address the complexity of how interlocking
social determinants and systems of oppression produce disparities seen at the population
level, and investigates the unique impacts of these interacting forces on each person holding
multiply-constituted social identities.[16,17] Applying this approach better attends to the
fact that many PWH hold multiple marginalized identities (e.g., Hispanic bisexual cisgender
women) and PWH often face multiple adverse socio-economic conditions caused by
historical, generational, and present day stigma and oppression.[9,13,18,19] By embracing
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this complexity, new insights may be gained which can guide development of interventions
to address persistent health disparities.[14]

Here, we conducted an intersectionality-informed quantitative analysis to investigate the
association of SDOH-related factors with DVS. We drew extensively from the work of
health scholars engaged in integrating quantitative methods with intersectionality[20-22].
Our goal is to uncover new insights to inform improvement in policy and implementation
of the HIV elimination plan for the US.[6,23] We demonstrate intersectionality-informed
analysis using electronic health records (EHR) data that can be used for guiding HIV
elimination globally.[24]

[I. Methods

a. Participants and procedures

We used the EHR of Howard Brown Health (HBH), a federally qualified health center

that specializes in lesbian, gay, bisexual, transgender, and queer (LGBTQ+) health with
nine locations in Chicago. We included data from adult (age =18 years) PWH seen from
2012-2019. Due to our outcome, we excluded those with <3 viral loads (VL). The protocol
and waiver of informed consent was approved by the HBH and Northwestern University
institutional review boards.

b. Durable viral suppression

Our main outcome of interest was achievement of DVS during observation. DVS can be
measured deterministically or through modeling.[25-28] A deterministic approach (e.g., “=3
suppressed viral loads six months apart™), however, may miss cases where follow-ups are
irregular in frequency and spacing such as in EHR data. To overcome this, we used latent
trajectory analysis (LTA), which models the repeated VL and identify subgroups based on
similarities of trajectories.[29,30]

Using the best-fitting model, we examined the identified trajectories graphically and
qualitatively assigned individuals to the those who achieved or did not achieve DVS.
(Supplemental Digital Content (SDC) 1) As a sensitivity analysis, we analyzed an alternative
definition where DVS is achieved if 250% of observed VL were <100copies/mL and their
last VL is <100copies/mL.

c. Covariates

Data on age, sexual orientation and gender identity (SOGI), SDOH (insurance, self-
identified race-ethnicity, housing status, and poverty status) and comorbidities (mental
health diagnosis, substance use diagnosis, hypertension (HTN) and diabetes mellitus (DM))
were obtained from the EHR. (Supplemental Table 1, SDC2 for diagnosis definitions)

d. Overview of Statistical Analysis

We utilized three intersectionality-informed approaches: regression with interaction terms,
latent class analysis with regression, and qualitative comparative analysis.[22,31]
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We view “main effects” only regression as insufficient for intersectional analysis. To
demonstrate issues of this non-intersectional approach, we compared findings from “main
effects” regression to selected intersectional methods.[21] Candidate covariates of the base
“main effects” models include: age, SOGI, SES indicators (poverty, housing, insurance),
and co-morbidities (diabetes mellitus, hypertension, mental health disorder, substance use
disorder).

All analyses were implemented in R 4.1/RStudio[32,33] with the following packages for
certain methods: lcmm for LTA,[34] poLCA for latent class analysis (LCA),[35] and qca
for qualitative comparative analysis (QCA).[36] For regression-based methods, missing data
(Supplemental Table 2, SDC2) were imputed using missForest.[37] Implementation details
are found in SDC1.

e. Regression-based: Adding interaction terms for exploring heterogenous associations

Regression is used to estimate if an exposure is associated with an outcome after adjusting
for potential confounders. This assumes that a social factor has equal impact across identity
groups — an assumption which intersectionality asks us to reconsider.

We generated base “main effects only” regression models the association of DVS with
SDOH variables (housing, insurance, poverty, mental health disorder, substance use
disorder). Age, year of first VL, demographics, and hypertension or diabetes status were
included if they were confounders. (Supplemental Figure 1, SDC 2 for directed acyclic
graphs (DAG)). Here, demographic variables are indicators of marginalization related to a
demographic category (e.g., race & ethnicity as indicators of racialization and racism).

We then generated models with an additional interaction term between a demographic
variable and an SDOH variable. Models that showed better fit (p-value <0.10 based on
Type 111 ANOVA) than the corresponding base model were then examined further for
interpretation. To facilitate interpretability, we limited this to 2x2 interaction terms and
calculated predicted differences across intersectional categories.

f. Regression-based: Latent Class Analysis for Assessing Disparities

Regression is also used to assess disparities after adjustment for allowable confounders.
Usually, the analysis would treat other demographic variables as confounders with no
interactions. However, this conceptualization runs against the principle of interlocking

and interacting systems of oppression that lies at the core of intersectionality. Instead,

we conceptualized a latent social position co-constituted by race & ethnicity, SOGI, and
SES. (Supplemental Figure 1C, SDC2) Interactions can also be used to implement this
operationalization, but data sparsity can limit application. In our sample, even with just
cross-tabulation of sexual orientation, gender identity, and race & ethnicity already produced
a lot of categories with very few (<4) individuals (Supplemental Table 3, SDC2).

Instead, we used LCA to generate a latent multiply-constituted social position variable
while retaining the full sample. Our LCA model includes race-ethnicity, SOGI, and

SES indicators. This operationalizes how various systems of oppression like racialization,
transphobia, etc., combine and dictate a person’s ability to access health-related resources.
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[38] By rejecting the seemingly more facile single dimension interpretability, we combined
several variables in a way better aligned with intersectionality. Descriptive class labels were
developed based on summary statistics in consultation with HBH staff.

To assess disparities, we ran a model with the categorical “social position” adjusting also
for age and year of first VL and a second model that includes comorbidities. Results were
compared to a non-intersectional approach where race & ethnicity and SOGI were treated as
independent variables (DAG in Supplemental Figure 1B, SDC 2).

g. Qualitative Comparative analysis

Intersectionality-informed analysis requires the characterization of how “interlocking
systems of oppression” contribute to disparities. We posit that intersectional social position
affects SDOH via differentials in social systems of oppression, which in turn collectively
impacts DVS disparities. [21,39] Regression-based methods, however, are more useful for
quantifying single factor-to-outcome associations. QCA offers an alternative approach to
identify combinations that act jointly to produce outcomes.

The QCA algorithm takes in a set of variables and uses set theory to identify which variables
(singly or in combination) are highly associated with the outcome.[40] (SDCL1 for details
and this paper for a tutorial[41]) We analyzed which SDOH combinations are associated
with DVS for a specific intersectional group. For example, the QCA algorithm will identify
the combination “having housing and having insurance” as a combination associated with
DVS if =280% of Hispanic bisexual men with HIV with this combination were able to
achieve DVS.

We used crisp set QCA to identify sufficient combinations of five modifiable SDOH factors
(poverty, housing, insurance, mental health disorder, substance use disorder) associated with
DVS. Since QCA can handle small samples, we ran QCA on intersectional subgroups based
on SOGI and race & ethnicity with n=30. (Supplemental Table 4, SDC 2)

[1l. Results

a. Overview of Cohort

We analyzed data from 5,967 PWH who were on average 43 (SD: 13) years old at time

of the first VL test. Most were assigned male at birth (82.4%) and currently identified man/
male (88.6%). Seventy-nine percent (79%) were gay/lesbian and 10% were heterosexual.
Around 4% were transgender. Thirty-nine percent (39%) were non-Hispanic white, 34%
were non-Hispanic Black, 22% were Hispanic, and 14% were other race & ethnicities.
Nearly half (46%) were diagnosed with HIV before 2012. Compared to the excluded, the
analytic sample was older, had fewer people assigned female at birth, more men, lower
white, and had higher rates of having permanent housing. (Supplemental Table 5, SDC2).

b. Durable viral suppression

From LTA, 89.3% of the sample were DVS achievers based on two trajectories: durable
1 consistently had low VL (63.1%) and durable 2 (26.2%) started at high VL and rapidly
achieved <100 copies/mL by year 2. (Supplemental Figure 2, SDC2) The other two patterns
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were considered non-durable suppressors due to longer decline of viral load trajectory
(not suppressed 1, 5.2%) or the trajectory did not breach <100copies/mL threshold (not
suppressed 2, 5.5%). There was good separation among the patterns (mean posterior
membership probabilities > 0.85). (Supplemental Table 6, SDC2) To simplify subsequent
analyses, we collapsed the four trajectories into a binary variable (DVS vs non-DVS).

In unadjusted analyses, there were notable differences in terms of race and ethnicity,

SOGI, and SDOH between DVS and non-DVS individuals (Table 1). Validating our binary
classification, nearly all (94%) of DVS achievers had VL <100 copies/mL on their last test
and 91% met the alternative DVS definition. Meanwhile, only 35.8% had <100 copies/mL in
the non-DV'S group and 17% met the alternative DVS definition.

c. Results from Regression: Adding interaction terms for exploring heterogenous
associations

The base “main effects” only models suggested SDOH variables were significant predictors
of being in the DVS group: experiencing poverty, lack of formal insurance, having no
permanent housing, and having a substance use disorder were associated with lower odds of
achieving DVS. (Table 2)

Our exploration of two-way interactions suggested potential differential associations
according to race & ethnicity. We found a significant (p<0. 05) interaction between
insurance and race &ethnicity. Compared to White PWH with private insurance, Black
PWH with private insurance had lower probability of DVS while Asian/other and Hispanic
PWH with private insurance had comparable DVS probability. (Supplemental Figure 3, SDC
2). We also observed potential interactions (0.05 <p<0.10) between poverty and race &
ethnicity, substance use and sexual orientation, and poverty and gender identity (imputed
analysis only) (Supplemental Figure 4-6, SDC 2).

d. Results from Regression with latent class analysis

LCA using complete case data (n=5,186) revealed four social position groups: A (47%), B
(8.3%), C (39%), and D (5.5%). Group A was majority cisgender men with mixed race &
ethnicity categories and relatively lower rates of being poor and unhoused. Group B was
majority Black PWH with a mix of cisgender men and women. The majority were poor
and using government insurance. Like Group A, Group C was majority cisgender men of
mixed race & ethnicity but had comparably worse SES (e.g., high uninsured). Group D
captured nearly all the transgender women, was majority Black, and had a high percentage
of unhoused people. (Figure 1, Supplemental Table 7, SDC2) While diagnosis of a mental
health or substance use disorder was not included in the LCA model, there were also some
differences across the groups with Group C and D showing relatively higher rates of mental
health disorder and Group D showing relatively high rates of substance use disorder.

The LCA groups showed significant differences in DVS on unadjusted analysis. Group A
had the highest DVS rate (94.5%) followed by Group B (88.0%) then C (83.4%) and D
(82.2%). In adjusted models, we saw that Groups B, C, and D had significantly lower odds
of achieving DVS compared to Group A (Table 3B). These findings contrast to the base
“main effects” model which suggested that Black race & ethnicity had lower odds of DVS,
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and that transgender man/genderqueer PWH had higher odds of DVS than cisgender men.
(Table 3A).

e. Results from Qualitative Comparative analysis

The QCA analysis identified combinations associated with DVS. In the whole sample
analysis, we identified five sufficient combinations. (Figure 2A) Unlike regression where a
factor would often have just one direction of association, QCA highlights how this varies
depending on other factors. For example, the second-row combination in Figure 2A showed
poor people (“red cell”) likely achieved DVS if they did not have housing or substance use
problems (“blue cells™). Similarly, in the third-row combination, a person with a mental
health disorder likely achieved DVS if they did not have housing or insurance problems. No
single factor was identified as sufficient on its own for achieving DVS.

The subgroup analyses (Figures 2B-20) demonstrated heterogeneity in sufficient
combinations across intersectional groups. Each result can be interpreted like Figure 2A
in that PWH with identified combinations were likely to achieve DVS in this setting. For
example, Black gay/lesbian transgender women with substance use disorder and have four
favorable (“blue™) factors (third row combination, Figure 2H) were likely to achieve DVS.

f. Sensitivity analysis using the Alternative Outcome

The sensitivity analysis using the alternative DVS definition yields mostly similar results
using the “main effects” model (Supplemental Table 8, SDC 2). We noted some significant
interactions not identified in the main analysis (Supplemental Table 9, SDC 2) The
disparities analysis also showed results like the main analysis (Supplemental Table 10, SDC
2). For QCA, different patterns emerged but the observation seen in the main QCA that
different groups having different combinations remained. (SDC 3)

V. Discussion

In this analysis of data from an LGBTQ+ focused health center in Chicago, we demonstrated
how SDOH variables could combine in complex ways and contribute to DVS disparities.
While we replicated single factor associations previously noted in other studies[9,10,12,42],
our intersectionality-informed analyses highlighted the nuanced associations that might be
missed by relying only on “main effects” regression. First, we found a possible heterogenous
associations between insurance and DVS by race & ethnicity. Second, LCA revealed that
disparities exist based on the combination of race, gender, and class. We observed that
historically marginalized groups have lower odds of DVS compared to the group comprised
of mostly white cisgender gay men, stressing the continued need to examine equity efforts
within health systems.[43] While “main effects” only models can demonstrate disparities,
this portrayed an incomplete picture. We demonstrate how LCA can be an alternative to
using interactions for creating groups especially in the face of data sparsity. Finally, QCA
showed that combinations (and not single factors) were associated with achievement of DVS
and that these combinations differ across intersectional subgroups. Prior work has shown
that a higher number of adverse social conditions lowers DVS achievement.[44] We show,
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however, that it is not just that total number: The combination and the person’s social
position likely influences DVS achievement.

Our work extends the literature in two ways. First, we focused on DVS instead of one-time
achievement unlike prior studies.[28,42] This is important since benefits are only achieved
if suppression is durable,[28] and it’s known that suppression is not always sustained.[42]
While the DVS achievement in our sample seems high, this number is comparable to 90%
DVS rate reported by Ryan White Clinics which primarily serve un/under-insured PWH.[45]

The second advance is towards analysis of social factors. Unlike prior work, we utilized
multiple intersectional approaches.[10,46] Thus, we identified perils of studying disparities
only through singular and non-intersecting axes of identity. “Main effects” regression can
potentially lead to designing programs that address only single issues (e.g., focusing only on
racial disparities) or failure to recognize potential differential impact of interventions (e.g.,
how insurance play a different role according to racial group). This prevents addressing the
differing needs of various intersectional groups. For example, in QCA, Black gay/lesbian
transgender women needed four out of five conditions to be favorable to achieve DVS,
while some white cisgender gay men needed only a few. This diversity of needs implies
that HIV services need to be comprehensive and offer a minimum set of social interventions
(e.g., social risk screening and referral, mental health services). Programs that focus on
single issues (e.g., housing alone) may be inadequate for eliminating DVS disparities.
Implementing social interventions undeniably presents challenges but are feasible: Ryan
White clinics demonstrated how programs can be implemented and funded through existing
US policies.[47]

Interestingly, the QCA results showed that unfavorable conditions can still lead to DVS,

in contrast to “main effects” only regression. While having a mental health or substance

use disorder can affect adherence, in the HBH context, the diagnosis may have facilitated
linkage to wraparound services.[48] Wraparound services have been associated with better
outcomes including PWH.[49,50] Similarly, the presence of multiple problems could lead to
more intense case management. Being poor, was also seen in several combinations which
could be due to the existing policies and programs targeting poor PWH. Many HIV drug
access programs are accessible only to low-income individuals; this threshold varies across
states and have been shown to affect ART coverage rate.[51] Finally, QCA could also be
reflecting the common combinations in the subgroup. In an ideal system, we should see that
any combination should be associated with DVS achievement because the health and HIV
safety net system should be able support them adequately.[52,53]

While our main predictors of DVS are measured at the individual level, these must be
interpreted through the lens of social systems rather than individual behaviors. Since these
are present at baseline, addressing these SDOH even before a person gets the infection
may translate to downstream outcomes like DVS. Importantly, plans for eliminating the
HIV epidemic should include interventions for SDOH like homelessness and poverty.
Fortunately, US policy documents related to HIV elimination recognize these issues.[6,23]
However, these policies could still improve by putting more in the forefront that addressing
social issues helps in improving HIV prevention and DVS outcomes.
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Our study has several limitations. First, our findings are based on a single health system

in Chicago with a specific care context. Our findings may extend to urban settings in the
US but not necessarily to other contexts like rural US and non-US settings. However, our
intersectional approach can be utilized to conduct similar analysis in all settings. Second,
we excluded individuals with insufficient number of visits. This sub-population were not
retained in care and likely failed to achieve DVS. The emergence of health information
exchanges may allow studies on this important sub-population.[54] Third, outputs of latent
class methods carry uncertainty. Several authors have proposed the use of correction
methods to adjust for this.[55,56] Unfortunately, we had limited tools due to use of two
latent class methods. However, the LTA model had good separation and correction is less
important.[57] Fourth, we adjusted only for common conditions seen in primary care. Future
work on the role of multimorbidity in DVS is warranted.

Our approach had to balance the principles of intersectionality with feasibility of
implementation. Aside from the common issues with EHR data like misclassification

and missingness, EHR does not allow direct measurement of core constructs relevant to
mechanisms that link the individual experience and the outcome such as stigma and racism.
We relied on demographic measures of identity rather than directly asking about stress or
discrimination and imperfect measures of structural forces.[58] We also collapsed some
groups which is needed to implement modeling but assumes homogeneity of experience.
Second, a fully intersectional approach would center historically marginalized groups in
the modeling and interpretation. However, to improve statistical stability, we opted to use
larger groups as reference and these categories often are the most privileged. Third, while
we were able to show QCA combinations that appeared sufficient to achieve the outcome,
one must note that these were baseline conditions. We are unable to speak to the impact of
intervening on these social risks on DVS but recommend future work on this. Finally, we
also acknowledge that quantitative intersectionality is rapidly changing and techniques like
QCA continue to be refined.[59]

We show in this work the various ways of how SDOH - including intersectional stigma —
could be associated with DVS. Through multiple methods consistent with intersectionality,
we described the various aspects of the complexity underlying the DVS achievement

and population-level disparities. Quantitative intersectional approaches are useful for
investigating the role of social factors in health disparities and are necessary for better
evidence-based policymaking in HIV. While we focused on PWH experiences, our methods
are potentially generalizable to studies that engage with issues faced by people of color,
sexual minorities, and people facing adverse socioeconomic conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cisgender man
Cisgender woman -
Genderqueer or else 1
Transgender man -
Transgender woman -
Bisexual -

Gay A

Heterosexual 4
Lesbian -

Queer or else 4
Hispanic/Latinx -
AAPI/other r/e A

Black 1

white -

Unhoused -

<100 Poverty line -
Uninsured -

With mental health disorder 4

With substance abuse disorder 4

Latent Class

Figure 1. Distribution of Demographic Characteristics according to Social Position from L atent
Class Analysis, Howard Brown Health, 2012-2019 (n=5,967)

Notes: Value represent proportion within a latent class that has that characteristic. For
example, in Latent Class A >75% were cisgender men while for Class D 0% were cisgender
men. Genderqueer or else also includes gender non-conforming and replied “something
else” when asked about gender. Queer or else refers to Queer, Questioning, and Something
else responses to sexual orientation. Other race and ethnicities (r/e) include Asian, Pacific
Islander, (AAPI) Multiracial, and Unspecified.
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~mh*~pov*~ins*~sub (0.205)
~hou*pov*~sub (0.309)
~hou*mh*~ins (0.31)
~hou*~pov*~ins (0.367)

~hou*~mh*~sub (0.425)

mh  pov ins

D. Black Gay Cis Man
~mh*~pov*~ins*~sub (0.239)
~hou*mh*~sub (0.171)
~hou*~pov*~sub (0.337)

~hou*~mh*~pov*~ins (0.236)

G. Black Het Cis Woman
mh*pov*~ins*sub (0.163)
~mh*pov*ins*~sub (0.078)
~hou*pov*~ins*sub (0.171)
~hou*mh*~pov*~ins (0.062)
~hou*~mh*pov*~ins (0.302)

~hou*~mh*~sub (0.426)

J. Hispanic Bi Cis Man
mh*pov*~ins*~sub (0.07)
mh*~pov*ins*~sub (0.047)
hou*mh*pov*~sub (0.047)
hou*mh*ins*~sub (0.047)
~mh*~pov*~ins*~sub (0.256)
#~sub (0.047)

~hou~pov*~ins (0.256)

M. White Bi Cis Man

hou*mh*pov*~ins*sub (0.015)
hou*mh*~pov*ins*sub (0.015)
hou*~mh*pov*ins*sub (0.015)
~pov*~ins*~sub (0.418)
~hou*pov*~sub (0.284)
~hou*mh*~pov*~ins (0.224)
~hou*~mh*pov*~ins (0.119)
~hou*~mh*~sub (0.358)

~mh*povins*~sub (0.136)
~mh*~pov*~ins*~sub (0.312)
~hou*mh*~pov*sub (0.056)
~hou*mh*~pov*~ins (0.056)
~hou*~pov*~ins*~sub (0.288)
~hou*~mh*pov (0.32)
~hou*~mh*~sub (0.592)

hou*~mh*pov*ins*~sub (0.081)
~houmh*~sub (0.324)
~hou*mh*~ins (0.392)
~hou*~pov*~ins*~sub (0.041)

~hou*~mh*~pov*ins*sub (0.014)

hou*mh*~pov*~ins*~sub (0.023)

hou*~mh*pov*ins*~sub (0.047)

~hou*~mh*~pov*~ins*sub (0.023)

~mh*~ins*~sub (0.37)

~houtins*~sub (0.167)
~hou*~pov*~sub (0.391)
~hou*~pov*~ins (0.385)

~hou*~ins*sub (0.135)

~hou*mh*~ins (0.389)

~hou*~pov*~ins (0.464)

~hou*~mh*pov*~sub (0.168)

B. Asian or Other Cis Gay Man

hou mh pov ins  sub

E. Black Gay Trans Woman

hou mh pov ins  sub

H. Black Het Trans Woman

K. Hispanic Gay Cis Man

N. White Gay Cis Man

hou*mh*pov*~ins*sub (0.057)
~hou*mh*pov*~sub (0.136)
~hou*~mh*pov*sub (0.064)

~hou*~mh*~ins (0.371)

~hou*~ins*~sub (0.45)

hou*pov*~ins*~sub (0.089)
hou*~mh*pov*~ins (0.081)
~mh*~pov*ins*~sub (0.057)
~hou*mh*pov*~ins*sub (0.057)
~hou~pov*~ins*~sub (0.13)
~hou*~mh*~sub (0.528)
~hout~mh*~pov (0.211)

hou*mh*pov*ins*sub (0.029)
hou*~pov*~ins*~sub (0.057)
hou*~mh*pov*~ins*sub (0.057)
~mh*~pov*~sub (0.286)
~houmh*pov*~sub (0.171)
~hou*mh*pov*~ins (0.171)
~hou*mh*~ins*sub (0.057)
~houtins*~sub (0.171)
~hou*~mh*~pov*ins (0.114)

mh*pov*~ins*~sub (0.2)
hou*~mh*pov*~ins*sub (0.05)
~hou*mh*pov’~ins (0.2)
~hou*mh*~ins*~sub (0.175)
~hour~pov*~ins*~sub (0.175)
~hou*~mh*ins*~sub (0.1)

~hou*~mh*~pov*~ins (0.2)

mh*~pov*~ins (0.125)
~mh*~ins*~sub (0.375)
~houmh*pov*ins (0.05)
~hou*~pov*~sub (0.25)

~hou*~ins*sub (0.325)
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C. Black Bi Cis Man

hou mh pov ins

F. Black Het Cis Man

|. Black Queer Cis Man

L. Hispanic Het Cis Man

O. White Het Cis Man

Figure 2. Combinations Associated with Achievement of Durable Viral Suppression, Howard
Brown Health, 2012-2019 (n=4,787)

Notes:

1 Abbreviations of factors: hou — no permanent housing, mh — has mental health disorder,
pov — experiencing poverty, ins — not insured, sub — has substance use disorder. Addition
of a tilde (“~”) creates the inverse of the factor (e.g., ~hou means has permanent housing,
~mh means does NOT have a mental health disorder). The asterisk (“*”) refers to the logic
operator “AND” (e.g., ~hou*~mh means “has permanent housing” AND “has no mental

health disorder™).

2Abbreviations of labels: bi -bisexual, cis — cisgender, gay — gay or lesbian, het —

heterosexual, trans - transgender

3Each sub-figure (e.g., 2A, 2B) contains the combinations identified to be associated with
DVS. Row names reflect sufficient combinations for DVS. For example, the whole sample
(2A) identified five combinations for DVS. The first row in 2A “~mh * ~pov * ~ins * ~sub”
is read as follows: A person with “no mental health disorder AND not experiencing poverty
AND has insurance AND has no substance use disorder” likely achieved DVS (i.e., at least
85% of the group with this combination achieved DVS).
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4To facilitate visual comparison across groups and pattern identification, we converted
combinations to color-coded tables. Each cell in the table represents the setting of a
condition. Blue means is in a favorable setting (e.g., “~hou” or has permanent housing,
“~mh” or no mental health disorder) while Red is in an unfavorable setting (e.g., “hou” or
no permanent housing, “mh” or has a mental health disorder). White means the factor is not
part of the combination. The first row in 2A are all favorable settings and are thus all blue.
Housing was not mentioned in the combination and is set to white. The second row has three
factors, two positive (“~hou” and “~sub”) and one negative (“pov”).

SThe numbers in parentheses are “raw coverage for sufficiency” which is how much of the
DVS is explained by the combination. This number ranges from 0 to 1 and the closer to one
means the more important a combination is for the group. Since these are raw coverages, the
numbers will not add up to one.

6 Sample only included complete case data. Subgroup sizes are in Supplemental Table 4,
Supplemental Digital Content 2
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Comparison of People who achieved Durable Viral Suppression (DVS) to those who did not achieve DVS

Table 1.

(non-DVS), Howard Brown Health, 2012-2019 (n=5,967)

n
Age at baseline (mean (SD))
Not assigned male at birth (%)
Gender identity (%)

cisgender man

cisgender woman

transgender woman

transgender man, genderqueer, or elsed

Sexual Orientation (%)
Bisexual
Gay or leshian

Heterosexual

Queer or else?
Race/ethnicity (%)

Black, non-Hispanic

Hispanic

Others, non—Hispanic3

white, non-Hispanic
Insurance class (%)

Private

Government

Uninsured or others?
Housing status at baseline (%)
Unhoused
Non-permanent/Institution
Permanent
Poverty category (%)
<100% FPL
>100 to <200% FPL
>200% FPL
Comorbidities
Mental health disorder (%)
Substance abuse disorder (%)
Diabetes or Hypertension (%)
HIV-related variables
Year of HIV onset (median [IQR])
HIV onset before 2012 (%)

No Durable Viral
Suppression

659
39.15 (11.11)
121 (18.4)

559 (85.6)
32(4.9)
60 (9.2)
2(0.3)

62 (9.8)

480 (76.2)
73 (11.6)
15 (2.4)

304 (47.2)
128 (19.9)
33(5.1)

179 (27.8)

141 (21.4)
328 (49.8)
190 (28.8)

79 (12.0)
109 (17.9)
421 (63.9)

478 (72.5)
93 (14.1)
88 (13.4)

321 (48.7)
239 (36.3)
27 (4.1)

2012 [2008, 2015]
293 (44.5)

Durable Viral
Suppression

5308
43.43 (12.62)
935 (17.6)

4637 (88.4)
268 (5.1)
291 (5.5)
51(1.0)

344 (6.8)

4006 (79.7)
540 (10.7)
139 (2.8)

1691 (32.5)
1166 (22.4)
258 (5.0)

2089 (40.1)

2538 (47.8)
1761 (33.2)
1009 (19.0)

196 (3.7)
550 (11.2)
4164 (78.4)

2887 (54.4)
869 (16.4)
1548 (29.2)

2241 (42.2)
1261 (23.8)
361 (6.8)

2012 [2007, 2016]
2403 (46.4)
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Year of First Viral load (median [IQR])
Year of Last Viral load (median [IQR])
Duration of first to last Viral load (year, median [IQR])
Total Viral load tests (mean (SD))
Number of Viral load <100 copies/mL (median [IQR])
Proportion of total Viral load <100 copies (mean (SD))
Viral load (copies/mL) (median [IQR])®

First Viral Load

Last Viral Load in 1st year

Last Viral Load Ever
Viral Load <100 copies/mL (%)

First Viral Load

Last Viral Load in 1st year

Last Viral Load Ever

No Durable Viral
Suppression

2014 [2012, 2016]
2019 [2018, 2019]
3.14[1.83,6.02]
71[4,11]
21[0,4]

28 (23)

37280 [34160, 100000]
4440 [50, 53454]
2660 [32, 44750]

75 (11.4)
203 (30.8)
236 (35.8)

Durable Viral
Suppression

2015 [2012, 2017]
2019 [2018, 2019]
2.79 [1.47,5.52]
85, 13]
714, 11]

86 (19)

20 [20, 16922]
20.00 [20, 20]
20 [20, 20]

3172 (59.8)
4918 (92.7)
4988 (94.0)

Note: FPL — federal poverty line, IQR — interquartile range, SD — standard deviation

1- . Lo
Includes genderqueer, queer, nonbinary and all other responses except missing or refused(n=67)

Page 18

2- . . . . . -
Includes genderqueer, gender non-conforming and replied “something else” when asked about sexual orientation except missing or refused

(n=308).

3 “Other race and ethnicity variables include Asian, Pacific Islander, Multiracial, and Unspecified.

4- . - - S
Other insurance categories include entries like walk-in, sliding scale, or grant.
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Table 2.

Association of Selected Socio-economic Status Indicators with Durable Viral Suppression, Howard Brown
Health, 2012-2020

Odds Ratio (95% Confidence Interval)

Variable Complete case Imputed Dataset

Poverty (ref: Above 200% FPL)J

« Between 101 to 200% FPL 0.58 (041 - 080) * 0.56 (041 - 075) *

* 100% FPL and below 0.36 (0.28 - 0.46) * | 0.37(0.29 - 0.47)*

Housing status (ref: Has housing)

* Unhoused 0.39 (0.29-0.53) " | 0.41(0.31-0.55)"

Insurance (ref: Private insurance)

* Government insurance 0.38(0.3-0.49) | 0.39(0.31-050)"

* Uninsured 0.38 (0.29 - 0.50)* | 0.40 (0.31 - 0.51) "

Mental Health (ref: No disorder)4

« With disorder 0.86 (0.71-1.04) | 0.86(0.72 - 1.03)

Substance Use disorder (ref: No disorder) 4

* With disorder 0.56 (0.46 - 0.68)* | 0.58 (0.49 - 0.70)

Notes: FPL — federal poverty line

*

“confidence interval does NOT cross null (1.0). Odds ratio were calculated using multivariable regression. Each socio-economic variable has a
separate model.

Poverty models adjust for age, year of first viral load, race & ethnicity, sexual orientation, gender identity, poverty status. Housing and insurance
are mediators, thus, were exclude from the model.

Housing model adjusts for variables in poverty model and housing status. Poverty is a confounder, but insurance is a mediator, so insurance is
excluded from the model.

3 . : . . . .
Insurance model adjusts for variables in poverty model as well as housing, poverty, and insurance status. Poverty and housing status are
confounders, so they were included.

Mental health and substance use disorders use the same model which adjusts for age, year of first viral load, race & ethnicity, sexual orientation,
gender identity, diabetes or hypertension, mental health disorder, substance use disorder, and poverty status. Insurance and housing were mediators

1duosnuey Joyiny

1duosnuep Joyiny

of poverty so were excluded.
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