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Abstract

Despite the advent of effective antiretroviral therapy (ART), HIV-seropositive injection drug users (IDU) con-
tinue to suffer from elevated levels of morbidity and mortality. Evidence is needed to identify social- and
structural-level barriers to effective ART. We investigated the impact of homelessness on plasma HIV RNA
response among illicit drug users initiating ART in a setting with free and universal access to HIV care. We
accessed data from a long-running prospective cohort of community-recruited IDU linked to comprehensive
HIV clinical monitoring and ART dispensation records. Using Cox proportional hazards with recurrent events
modeling, we estimated the independent effect of homelessness on time to plasma HIV viral load suppression.
Between May 1996 and September 2009, 247 antiretroviral naive individuals initiated ART and contributed 1755
person-years of follow-up. Among these individuals, the incidence density of plasma HIV RNA suppression less
than 500 copies/mm?® was 56.7 (95% confidence interval [CI]: 46.9-66.0) per 100 person-years. In unadjusted
analyses, homelessness was strongly associated with lower rates suppression (hazard ratio=0.56, 95% CI: 0.40—
0.78, p=0.001), however, after adjustment for adherence this association was no longer significant (adjusted
hazard ratio=0.79, 95% CI: 0.56-1.11, p=0.177). Homelessness poses a significant structural barrier to effective
HIV treatment. However, since this relationship appears to be mediated by lower levels of ART adherence,
interventions to improve adherence among members of this vulnerable population are needed.

Introduction Homelessness, as well as living in poor or unstable housing
conditions, has long been recognized as an important com-
HE DEVELOPMENT OF combination antiretroviral therapy — ponent of vulnerability for infection with HIV.®® In addition
(ART) has resulted in dramatic reductions in HIV-related  to poorer access to preventative health care,” individuals who
morbidity and mortality among many seropositive popula-  are homeless also suffer from high levels of mental illness,"’
tions worldwide. Given appropriate levels of adherence, ART illicit drug use,'! incarceration,'? and violence,'® as well as
reliably suppresses plasma levels of HIV, delaying disease seroprevalence of HIV many times higher than among com-
progression and death.'” Unfortunately, some seropositive parable nonhomeless populations.®'* For example, in a study
groups have yet to enjoy the full benefits of ART. Studies involving over 1200 homeless and marginally housed adults
among HIV-seropositive individuals who inject drugs (IDU)  in San Francisco, California, 187 (15.4%) tested seropositive
have identified how ongoing illicit drug use and other be-  for HIV; the population had high levels of incarceration (22%),
havioral factors pose substantial barriers to effective ART.>*  sex trade involvement (33%), and unprotected sex (44%)."*

In comparison, however, the contribution of social and While studies have illuminated the links between housin
structural factors to treatment outcomes have yet to be well ~and the health of individuals who are infected with HIV 1517
described.’ a number of important issues remain to be addressed. Most
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notably, while homelessness is a common experience for in-
dividuals who use illicit drugs and an important determinant
of their health,'® we are unaware of any prospective analysis
that has considered the independent effect of homelessness on
outcomes from HIV treatment among IDU with access to
free HIV care. While numerous studies have identified sub-
optimal ART adherence among homeless individuals linked
to various drug-using, social support, and structural expo-
sures,'” > existing evidence has commonly been derived from
short-term studies, often cross-sectional, involving partici-
pants recruited from HIV treatment settings. A further issue is
that, up to now, studies have been conducted in settings in
which access to ART and/or medical care is neither free of
charge or universal. In light of recent findings from our setting
on plasma viral load (PVL) suppression among drug users*
and reports of lower levels of ART adherence among home-
less individuals,” in the current study we sought to use data
from a long-running prospective cohort of drug users with
free access to HIV care to assess the effect of homelessness on
HIV treatment success. We hypothesize that the relationship
between homelessness and virologic response is mediated by
ART adherence.

Methods

To inform these analyses, we accessed data from the
AIDS Care Cohort to evaluate Exposure to Survival Services
(ACCESS), an ongoing prospective observational cohort of
HIV-seropositive illicit drug users in Vancouver, Canada.
Individuals were contacted and recruited into the cohort
using methods described in detail previously.?**® Briefly,
we used snowball sampling and extensive street outreach
beginning in 1996 focused in Vancouver’s Downtown East-
side neighborhood (DTES). The DTES is a postindustrial area
with a large and established open drug market and endemic
levels of illicit drug use, poverty, poor housing status, and HIV
infection.”® Using word-of-mouth, postering, and other meth-
ods, individuals were recruited from harm reduction services,
single-room occupancy hotels, drug-use areas, and health care
settings in the DTES. Information contained in the province-
wide ART drug treatment program (described below) was not
used to recruit participants. Contacted individuals are invited to
participate in an ongoing study of HIV treatment and related
issues among individuals who use drugs in the DTES.

Individuals were eligible to participate in ACCESS if they
were aged 18 years or older, were HIV-seropositive, had used
illicit drugs other than cannibinoids in the month prior to en-
rollment, and provided written informed consent. Participants
were compensated $20 at each study visit. Following recruit-
ment, individuals answered an interviewer-administered ques-
tionnaire, underwent an examination by a study nurse, and
provided blood samples for analysis at baseline and every 6
months follow-up interview. The ACCESS study has been
approved by the University of British Columbia/Providence
Healthcare Research Ethics Board.

Sociodemographic information as well as data on drug-
using, housing status, and other characteristics and exposures
gathered at each interview was augmented with compre-
hensive information on HIV care and treatment outcomes
from the British Columbia Centre for Excellence in HIV/AIDS
(BCCSE). A province-wide centralized ART dispensary and
HIV/AIDS clinical monitoring laboratory, also described
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previously,***® the BCCfE provides a complete prospective

profile of CD4™ T-cell counts, HIV-1 RNA PVL, and exposure
to specific antiretroviral agents for each participant. Although
ACCESS study staff can assist participants with referrals to
ancillary medical care, treatment for drug use and other social
services, HIV clinical care, including antiretroviral prescrib-
ing, operates independently of all study activities.

The analytic sample for this study was derived from the
larger ACCESS cohort. Specifically, we included individuals
who were naive to ART at recruitment and initiated HIV
treatment during the study period. As well, to be included in
these analyses, at least one observation of both CD4 cell count
and PVL had to be completed within 12 months of ART ini-
tiation. The outcome of interest was suppression of PVL, or
the date of the first of two consecutive observations less than
500 copies/mm®. The primary explanatory variable of interest
was reporting homelessness, defined as living on the street
with no fixed address, at any time in the 6-month period
proceeding the follow-up interview.

To estimate the relationship between homelessness and
PVL response, we also considered secondary explanatory
variables we hypothesised may confound this relationship.
These included demographic and socioeconomic characteris-
tics such as age; gender (female versus male); Aboriginal an-
cestry (yes versus no); educational attainment (less than high
school diploma versus high school diploma or higher); and
legitimate employment in the previous 6 months (yes versus
no). We used a three-level variable to describe illicit drug use:
No illicit drug use (reference) versus any illicit drug use versus
any injection drug use. We also considered any involvement
in the sex trade in the previous 6 months (yes versus no); and
any incarceration overnight or longer in the previous 6
months (yes versus no).

Clinical variables included were the HIV experience of the
prescribing physician (as cited previously,29 less than 6 pa-
tients at initiation versus 6 patients or greater); the year of
ART initiation; HIV RNA viral load at baseline (per logi);
CD#4 cell count (per 100 cells microliter). The CD4 cell count
was a time-updated measure referring to the 6-month period
prior to the interview date. If more than one observation
was available, the average of all observations was used; if
no observations were available, the most recent observation
was used.

We also gathered information on adherence to prescribed
antiretroviral therapy (ART). As in previous studies using this
confidential pharmacy dispensation data provided by the
BCCfE,**® we defined ART adherence in each 6-month pe-
riod as the number of days ART was dispensed over the
number of days an individual was eligible for ART; this
proportion was dichotomized as greater than 95% versus 95%
or less.*® We have previously demonstrated the clinical utility
of this dichotomous variable and shown it reliably predicts
virologic suppression®' * and survival >**°

As a first step, we examined the cohort characteristics at
baseline, stratified by the number of suppression events over
the study period (=1 versus 0). To test for significant differ-
ences, we calculated Pearson’s Xz statistic; in instances in
which at least one cell contained a count of 5 or less, Fisher’s
exact test statistic was calculated. Next, we used Cox pro-
portional hazards regression of the time to viral suppression
to estimate unadjusted relative hazards (RH) for the effect
of homelessness and all secondary explanatory variables on
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time to viral load suppression. Homelessness, all behavioral
variables, and CD4 cell count, were all considered as time-
updated measures.

To estimate the independent effect of homelessness on time
to viral suppression, we constructed a multivariate model
using an adaptation of a method described previously by
Greenland and colleagues.** To start, we fit a full model
including all explanatory variables, noting the value of the
coefficient associated with homelessness. Using a manual
stepwise approach, we then constructed reduced models,
each with one secondary explanatory variable removed from
the full set of secondary explanatory variables. Comparing the
value of the coefficient for the primary explanatory variable in
the full model and each of the reduced models, we removed
the secondary variable corresponding to the smallest relative
change in the coefficient for homelessness. We continued this
iterative process until the maximum change of the value for
homelessness from the full model exceeded 5%. The intent of
this model building strategy is to retain secondary variables in
the final multivariate model with greater relative influence on
the relationship between homelessness and time to viral
suppression. This technique has been used successfully by
several authors to estimate the independent relationship be-
tween an outcome of interest and a selected explanatory
variable.>*¢37

To test whether the relationship between homelessness and
PVL suppression was mediated by differences in ART ad-
herence, we performed a mediation analysis as defined by
Baron and Kenny.*® Their technique involves fitting four re-
gression models and observing a covariate of interest and
associated p value in each. These regressions correspond to
four paths describing the relationships between the three
variables of interest: path a, the effect of homelessness on ART
adherence; path b, the effect of ART adherence on viral sup-
pression; path ¢, the effect of homelessness on viral suppres-
sion; and path ¢, the effect of homelessness on viral
suppression adjusted for the effect of ART adherence. Each
path was also adjusted with the set of secondary covariates
identified in the procedure described above to build the
multivariate model.

Plasma HIV-1 RNA was measured using the Roche Am-
plicor Monitor assay (Roche Molecular Systems, Mississauga,
Canada). All statistical analyses were completed using R
v2.10.1 (R Foundation, Vienna, Austria).

Results

Between May 1996 and October 2009, 762 HIV-seropositive
illicit drug users were recruited into the ACCESS study. Of
these, 246 (34.3%) initiated ART during the study period. Six
individuals (2.3%) were excluded on the basis of incomplete
clinical monitoring data. In comparison to the participants
included in the study, individuals excluded for incomplete
clinical data were not more likely to report homelessness
within 12 months of initiation (p >0.5). The analytic sample of
240 participants included 112 (46.7%) women and 111 (46.2%)
individuals reporting Aboriginal ancestry.

Over the study period, the participants contributed 1755
person-years of follow-up, with a median follow-up time per
participant of 46.5 months (interquartile range [IQR]: 5.9-
87.1). Over the study period, 136 participants achieved at least
one episode of viral suppression for an incidence density of
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56.7 (95% confidence interval [CI]: 46.9-66.0) per 100 person-—
years. The baseline characteristics of the sample, stratified by
HIV RNA viral load suppression over follow-up, are pre-
sented in Table 1.

For participants, homelessness was common during the
study period. At baseline, 41 (17.1%) individuals reported at
least one instance of homelessness in the previous 6-month
period. In the 2354 interviews over the study period, 248
(10.5%) contained a report of homelessness. Of 240 partici-
pants included in this analysis, 101 (42.1%) experienced at
least one episode of homelessness since initiating ART.

Table 2 presents the unadjusted RH of time to viral sup-
pression by all primary and explanatory factors. As shown,
homelessness was inversely and significantly associated with
time to suppression (RH=0.56, 95% CI: 0.40-0.78; p <0.001) as
was incarceration in the previous six months (RH=0.65, 95%
CI: 0.49-0.86, p=0.003). In the multivariate model, also shown
in Table 2, homelessness was independently associated with a
lower likelihood of achieving viral suppression following the
initiation of treatment (adjusted hazard ratio [AHR]=0.60,
95% CI: 0.43-0.84, p=0.003) after adjustment for age, recent
incarceration, the year of ART initiation, and baseline PVL.

The results of the mediation analysis are detailed in Fig. 1.
As described above, homelessness was independently and
inversely associated with PVL suppression (path ¢, f=—0.51,
p=0.003). Homelessness was also independently associated
with ART adherence (path a, f=—-0.68, p<0.001); ART ad-
herence was also an independent predictor of a greater like-
lihood of PVL suppression (path b, f=1.50, p <0.001). Finally,
when we considered the relationship between homelessness
and PVL in the presence of ART adherence (path ¢’), there was
no longer an association (f=—0.28, p=0.105).

Discussion

In this study, the first to our knowledge to prospectively
evaluate the effects of homelessness on HIV treatment out-
comes among individuals who use illicit drugs, we observed
that failure to achieve PVL suppression after initiating ART
was common. In almost half of the participants we did not
observe two consecutive PVL measures indicating suppres-
sion following initiation of ART. While homelessness was
independently associated with a lower rate of suppression,
we found that the effect of homelessness on viral suppression
was mediated by lower levels of adherence among homeless
individuals.

Our finding of suboptimal ART adherence linked to
homelessness echoes previous studies comparing homeless to
housed individuals on ART.****? In their study of 113 current
and former IDU recruited from a methadone clinic, Berg
et al.*’ found that lacking permanent and stable housing was
significantly associated with worse ART adherence. Un-
fortunately, this study and others were conducted in areas
without universal access to ART and did not include the na-
ture of access to ART as an explanatory covariate. Thus, it is
possible these analyses were unable to distinguish the effect of
homelessness on adherence independent of the confounding
influence of financial need. For example, a recent study of
125 HIV-seropositive homeless and marginally-housed indi-
viduals in San Francisco found that individuals on Medi-
care Part D—a new government-supported drug insurance
plan that covers only a limited proportion of the cost of
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TABLE 1. BASELINE COHORT CHARACTERISTICS STRATIFIED BY HIV RNA VIRAL LoaD SurPrRESsION OVER ForLLow-Up
AMONG INJECTION DRUG USERS INITIATING THERAPY IN VANCOUVER, CANADA (1 =240)

No viral suppression >0 viral suppression Odds 95% Confidence

Characteristic 104 (43.3) 136 (56.7) ratio interval p Value
Homelessness®

No 87 (83.7) 112 (82.4) 1.00

Yes 17 (16.3) 24 (17.6) 1.10 0.55-2.17 0.791
Age

gMedian (IQR) 35.8 (28.2-43.3) 37.2 (31.2-43.1) 1.01 1.00-1.01 0.083
Gender

Male 53 (51.0) 75 (55.1) 1.00

Female 51 (49.0) 61 (44.9) 0.85 0.51-1.41 0.520
Aboriginal ancestry

No 57 (54.8) 72 (52.9) 1.00

Yes 47 (45.2) 64 (47.1) 1.08 0.65-1.80 0.774
Education®

> High school diploma 62 (59.6) 84 (61.8) 1.00

< High school diploma 42 (40.4) 52 (38.2) 0.91 0.54-1.54 0.735
Employment”

No 102 (98.1) 127 (93.3) 1.00

Yes 2 (1.9) 9 (6.6) 3.61 0.76-17.10 0.085
Illicit drug use®

None 9(8.7) 12 (8.8) 1.00

Any illicit drug use 11 (10.6) 15 (11.0) 1.02 0.32-3.27 0.970

Any injection drug 84 (80.8) 109 (80.1) 0.97 0.39-2.42 0.953
Sex trade participation®

No 83 (79.8) 116 (85.3) 1.00

Yes 21 (20.2) 20 (14.7) 0.68 0.35-1.34 0.263
Incarceration®

No 75 (72.1) 111 (81.6) 1.00

Yes 29 (27.9) 25 (18.4) 0.58 0.32-1.07 0.081
HIV MD experience

>6 patients 87 (83.7) 117 (86.0) 1.00

<6 patients 17 (16.3) 19 (14.0) 0.83 0.41-1.69 0.610
Year of ART initiation

Median (IQR) 1998 (1995-2001) 1999 (1997-2001) 1.00 0.98-1.01 0.662
Plasma HIV-1 RNA

Median (IQR) 4.7 (4.3-5.1) 3.6 (2.6-4.6) 0.83 0.79-0.87 <0.001
CD#4 cell count

Median (IQR) 2.7 (1.5-3.9) 2.6 (1.7-3.5) 1.01 0.98-1.04 0.709

“Refers to the 6-month period prior to the baseline interview.
IQR, interquartile range; ART, antiretroviral therapy.

antiretrovirals—had six times higher odds of ART interrup-
tions over the study period.* Most individuals on Part D who
discontinued cited drug cost as their primary barrier.*

By conducting our study in an area of universal access to
HIV care, we have identified an apparent effect of homeless-
ness on treatment outcomes independent of financial barriers.
Several factors associated with poorer housing status and
linked to suboptimal treatment outcomes, including food in-
sufficiency,** might account for this. We also suggest that
several environmental aspects of homelessness, such as lack-
ing a space to safely store medication, might have an effect, as
could the need for homeless individuals to prioritize imme-
diate survival over the secondary demands of medication
adherence.*>* Our results do not contradict previous au-
thors™*” who have observed that homeless individuals, given
adequate adherence, can benefit from ART at levels similar to
nonhomeless individuals.

Our findings support the development of measures to im-
prove adherence among homeless individuals. For example,
this might include providing housing assistance through

increased access to low-barrier housing among active drug
users. Considering the complex barriers to adherence that
homeless individuals experience, there is a need to develop
and expand comprehensive adherence support programs
that cater to the specific needs of this population. A range
of programs and services has emerged to fill this need for
marginalized seropositive groups® ™ and they have been
shown to increase adherence, retention, and viral load
suppression.”’>

The finding of an independent effect of the housing envi-
ronment on the success of ART for IDU has a number of im-
plications for both the health of HIV seropositive individuals
as well as efforts to control the ongoing pandemic. First, it
bears out the observations from other settings that providing
housing can be an important structural intervention to sup-
port the health of vulnerable HIV-seropositive individuals.
An ethnographic survey of women living with HIV/AIDS in
four U.S. cities™® as well as the study by Aidala et al.'” from
New York State revealed how individuals who possess sta-
ble housing are better able to concentrate on meeting the
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TABLE 2. UNIVARIATE AND MULTIVARIATE ANALYSES OF FACTORS ASSOCIATED WITH TIME TO PLAsMA VIRAL LoAD
SUPPRESSION AMONG 240 INJECTION DRUG USERS INITIATING ANTIRETROVIRAL THERAPY

IN VANCOUVER, CANADA

Characteristic HR 95% CI p Value AHR 95% CI p Value
Homelessness®
No 1.00 1.00
Yes 0.56 0.40-0.78 <0.001 0.60 0.43-0.84 0.003
Age
%’er 10 years older 1.03 1.02-1.04 <0.001 1.02 1.01-1.03 <0.001
Gender
Male 1.00
Female 0.98 0.84-1.15 0.827
Aboriginal ancestry
No 1.00
Yes 0.99 0.85-1.16 0.894
Education®
> High school dip 1.00
< High school dip 0.89 0.76-1.05 0.170
Employment”
No 1.00
Yes 0.90 0.68-1.19 0.458
Mlicit drug use®
None 1.00
Any illicit use 0.91 0.70-1.19 0.502
Any injection use 0.94 0.77-1.16 0.586
Sex trade participation®
No 1.00
Yes 0.77 0.58-1.04 0.090
Incarceration®
No 1.00 1.00
Yes 0.65 0.49-0.86 0.003 0.84 0.63-1.13 0.248
HIV MD experience”
=6 patients 1.00
<6 patients 0.96 0.76-1.21 0.720
Year of ART initiation”
Per year increase 1.11 1.07-1.15 <0.001 1.07 1.03-1.11 <0.001
Baseline PVLP
Per logy, increase 0.68 0.63-0.72 <0.001 0.72 0.67-0.77 <0.001
CD4 cell count®
Per 100 cells 1.08 1.05-1.12 <0.001

“Refers to the 6-month period prior to the interview.
"Measured at baseline.

HR, hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio; ART, antiretroviral therapy; PVL, plasma viral load.

demands of treatment. Similarly, results from a recent ran-
domized clinical trial providing housing to homeless and
marginally housed individuals with HIV saw significant im-
provements in CD4 cell count and the proportion of indi-
viduals with undetectable viral load.>® However, housing is

ART adherence
(>95% vs. <95%)

path a: § =-0.68, p < 0.001 path b: § = 1.50, p < 0.001

S

only one structural barrier to effective treatment, especially in
areas without universal access to free care. For example, in a
large study of survival among individuals in the San Fran-
cisco AIDS Registry, while homelessness at baseline was a
significant risk factor for death, a greater risk was faced by

Homelessness W path c: § =-0.51, p=0.003
(Yes vs. no) J path - b = -0.28, p 0.105

>[PVL suppression]

FIG. 1. Mediation effects for
antiretroviral therapy (ART)
adherence on the relationship
between homelessness and
plasma viral load (PVL) sup-
pression among 240 HIV-in-
fected injection drug users in
Vancouver, Canada. Coeffi-
cient estimates adjusted for
age, PVL at baseline, incar-
ceration in the previous 6
months, and year of ART
initiation.
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individuals with no health insurance as compared to indi-
viduals with private or public support.>* Thus, in settings
without universal access to ART, provision of housing might
have limited benefit on treatment outcomes. Finally, with
increasing recognition of the important role both individual-
and community-level viral loads play in HIV transmission
dynamics,” ™ housing interventions effective at improving
adherence and treatment outcomes might contribute to low-
ered incidence of HIV infection among vulnerable popula-
tions in our setting and others.”®

Our study has limitations. First, although the cohort was
recruited through community outreach, it was not randomly
recruited and thus might not be representative of all HIV-
seropositive drug users in this setting or others. Second, nu-
merous studies have identified mental illness as a predictor of
HIV treatment adherence and outcomes.” A consistent
measure of mental health was not included as part of the
study instrument. We recognize that this could be a source of
residual confounding. Future studies should seek to assess the
combined role of homelessness and mental health co-mor-
bidities to assess how they are associated with viral sup-
pression in this population.

To conclude, we analyzed patterns of homelessness and
response to ART using data from a long-running community-
recruited prospective cohort of HIV-seropositive drug users
in a setting of free and universal access to HIV care. We ob-
served that both homelessness and failure to achieve at least
one instance of PVL suppression was common this sample. In
a multivariate model, homelessness was independently as-
sociated with lower rates of viral load suppression, although
this relationship was not observed when ART adherence was
considered simultaneously. Thus, our findings support the
provision of enhanced services to support ART adherence
including low-barrier housing among drug users initiating
treatment as an intervention to overcome this structural bar-
rier to effective ART and reduce elevated levels of HIV-related
morbidity and mortality.
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