
RESEARCH ARTICLE

Influence of Jail Incarceration and
Homelessness Patterns on Engagement in
HIV Care and HIV Viral Suppression among
New York City Adults Living with HIV/AIDS
Sungwoo Lim1*, Denis Nash2, Laura Hollod3, Tiffany G. Harris4,5, Mary Clare Lennon2,6,
Lorna E. Thorpe2

1 Bureau of Epidemiology Services, New York City Department of Health and Mental Hygiene, Queens, New
York, United States of America, 2 CUNY School of Public Health, City University of New York, New York,
New York, United States of America, 3 Monitoring and Evaluation, Corporate Contributions, Johnson &
Johnson, New Brunswick, New Jersey, United States of America, 4 ICAP, Mailman School of Public Health,
Columbia University, New York, New York, United States of America, 5 Bureau of Epidemiology Services,
New York City Department of Health and Mental Hygiene, Queens, New York, United States of America,
6 The PhD program in Sociology, Graduate Center, City University of New York, New York, New York,
United States of America

* slim1@health.nyc.gov

Abstract

Objectives

Both homelessness and incarceration are associated with housing instability, which in turn

can disrupt continuity of HIV medical care. Yet, their impacts have not been systematically

assessed among people living with HIV/AIDS (PLWHA).

Methods

We studied a retrospective cohort of 1,698 New York City PLWHA with both jail incarcera-

tion and homelessness during 2001–05 to evaluate whether frequent transitions between

jail incarceration and homelessness were associated with a lower likelihood of continuity of

HIV care during a subsequent one-year follow-up period. Using matched jail, single-adult

homeless shelter, and HIV registry data, we performed sequence analysis to identify trajec-

tories of these events and assessed their influence on engagement in HIV care and HIV

viral suppression via marginal structural modeling.

Results

Sequence analysis identified four trajectories; 72% of the cohort had sporadic experiences

of both brief incarceration and homelessness, whereas others experienced more consistent

incarceration or homelessness during early or late months. Trajectories were not associ-

ated with differential engagement in HIV care during follow-up. However, compared with

PLWHA experiencing early bouts of homelessness and later minimal incarceration/home-

lessness events, we observed a lower prevalence of viral suppression among PLWHA with

PLOS ONE | DOI:10.1371/journal.pone.0141912 November 23, 2015 1 / 12

OPEN ACCESS

Citation: Lim S, Nash D, Hollod L, Harris TG, Lennon
MC, Thorpe LE (2015) Influence of Jail Incarceration
and Homelessness Patterns on Engagement in HIV
Care and HIV Viral Suppression among New York
City Adults Living with HIV/AIDS. PLoS ONE 10(11):
e0141912. doi:10.1371/journal.pone.0141912

Editor: Viviane D. Lima, British Columbia Centre for
Excellence in HIV/AIDS, CANADA

Received: August 14, 2015

Accepted: October 14, 2015

Published: November 23, 2015

Copyright: © 2015 Lim et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: The authors do not
have permission to share the line-level surveillance
dataset with outside researchers even if it is de-
identified. It is possible that researchers could
generate their own dataset by following the methods
described in this paper. Please note that New York
City Department of Health and Mental Hygiene
(DOHMH) reviews circumstances of the request for
data access, which would be granted through a
specific process. Please contact 'hivreport@health.
nyc.gov' to submit requests for data.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Columbia University Academic Commons

https://core.ac.uk/display/161453481?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0141912&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


two other trajectories: those with sporadic, brief occurrences of incarceration/homelessness

(0.67, 95% CI = 0.50,0.90) and those with extensive incarceration experiences (0.62, 95%

CI = 0.43,0.88).

Conclusions

Housing instability due to frequent jail incarceration and homelessness or extensive incar-

ceration may exert negative influences on viral suppression. Policies and services that sup-

port housing stability should be strengthened among incarcerated and sheltered PLWHA to

reduce risk of adverse health conditions.

Introduction
Maintaining continuous engagement in HIV medical care is critical for HIV disease manage-
ment for people living with HIV/AIDS (PLWHA) [1, 2]. Housing stability is considered to be
an important determinant of retention in HIV medical care and for achieving and sustaining
viral suppression because it helps enable PLWHA to attend regular medical visits and adhere
to antiretroviral medications [3]. Housing stability may also provide other less quantifiable
benefits such as stronger social networks and a sense of identity, which some researchers have
postulated may motivate individuals to avoid risk behaviors and to maintain health [3]. Empir-
ical evidence to support this relationship has been documented among PLWHA with histories
of homelessness. For example, according to longitudinal data from a representative sample of
New York City (NYC) PLWHA, self-reported receipt of assistance for housing problems was
positively associated with appropriate HIV medical care [4]. Similarly, several studies have
reported higher likelihoods of adherence to antiretroviral treatment among stably-housed
PLWHA versus their homeless or unstably housed counterparts [5–7]. Along with homeless-
ness, incarceration disrupts individuals’ housing stability and contributes to housing instability
after release from incarceration. However, the association between housing stability and HIV
care has rarely been described among formerly incarcerated PLWHA; current evidence is
mainly concentrated on disrupted HIV care post release [8–10]. Because both events affect
housing stability and incarceration is strongly correlated with homelessness, it is important to
take into account dynamic aspects of incarceration events along with homelessness to more
accurately characterize the impact of housing instability on continuity of HIV care. The pur-
pose of this paper was to examine whether and how different patterns of jail incarceration and
homelessness influence continuity of HIV care and HIV viral suppression among NYC
PLWHA with recent experiences of both jail incarceration and homelessness, using a measure
that captures sequencing and duration of jail incarceration and homelessness. Specifically, the
study tested the hypothesis that frequent transitions between jail incarceration and homeless-
ness are associated with lower likelihood of subsequent engagement in HIV care and viral sup-
pression, plausibly due to the greater housing instability of PLWHA with this pattern.

Materials and Methods

Data source
The study population included 1,698 NYC adults who, prior to 2005, were diagnosed with HIV/
AIDS, alive, and had spent at least one night in both NYC jail and NYC single adult homeless
shelters during 2001–05. To understand dynamics between jail incarceration and homelessness,
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we focused on those with both types of events. They represented about 2% of NYC PLWHA dur-
ing this same period. The main data source came from the combined administrative data from
NYC jail and NYC single adult shelter registries, which provided jail incarceration/shelter use
records and baseline demographic and criminal information. These data were then matched with
the population-based NYC Department of Health andMental Hygiene HIV/AIDS surveillance
registry that contains demographic and clinical information on all diagnoses of HIV and AIDS
reported in NYC, with the addition of comprehensive HIV-related laboratory reporting (includ-
ing CD4 counts and viral loads test results) and deaths. This probabilistic matching process was
evaluated and validation results have been published [11]. We used June 2005-June 2006 as the
follow-up period for evaluating outcomes (described below) and utilized HIV laboratory test
results from this time because complete viral load and CD4 test results were captured only after
the New York State mandatory reporting law became effective as of June 1, 2005 [12]. Thus, to be
eligible for this analysis, a PLWHA had to be alive as of January 1, 2005, which allowed us to
examine HIV care outcomes during the one year follow-up time. While censoring those who
died before 2005 could potentially introduce bias, this was unlikely as baseline demographic and
clinical characteristics were similar between those who died during 2001–04 (n = 45) and those
who survived (n = 1,698; data not shown). A small number of deaths were identified during the
one year follow-up timeframe and were censored accordingly in the calculation of person-years.
For deaths in 2005, 0.5 person-year was assigned (n = 64). The comparison group was comprised
of NYC PLWHAwho were neither incarcerated nor sheltered in a single adult shelter during
2001–05 according to an administrative database match, and were alive as of January 1, 2005
according to the NYC HIV/AIDS surveillance registry. Similar to the study population, June
2005-June 2006 was used as the follow-up period for the comparison group. The NYC Depart-
ment of Health and Mental Hygiene Institutional Review Board determined that this study was
not subject to institutional board review because it is not human subject research.

Variables
Two primary outcome variables were examined in this analysis: (1) continuity of HIV medical
care and (2) HIV viral suppression [2]. Continuity of HIV medical care was defined as having
at least two viral load or CD4 tests during June 2005-June 2006, which were�90 days apart
[1]. Viral suppression was defined as being achieved if there was at least one record with a viral
load of<400 copies/ml during the 12-month period [2].

The exposure variable was defined using group-based trajectories of jail incarceration/
homelessness during 2001–05. Analytic approaches and results of sequence analysis performed
to determine these group based trajectories have been published elsewhere [13]. Potential con-
founders for exposure-outcome association were identified by constructing a specific Directed
Acyclic Graph for this analysis [14]. These included baseline demographic characteristics (age,
sex, race/ethnicity, poverty levels of neighborhoods of residency at the time of incarceration), a
proxy for substance use (i.e., being charged with drug possession or transferred to substance
use treatment clinics), a proxy for serious mental illness (i.e., transferred to state psychiatric
hospitals or mental health treatment clinics), type of criminal charges (drug sales, violent
crimes, weapon possession, public administration, property crimes, quality of life crimes, and
sex crimes), age at HIV diagnosis, and development of AIDS (AIDS defining opportunistic ill-
ness or CD4 nadir of 200 cells/uL or less) [13].

Statistical analysis
First, descriptive statistics of baseline characteristics and HIV care outcomes were summarized
across trajectory groups of jail incarceration and homelessness. Bivariate association between
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each of these characteristics and trajectory groups was evaluated using chi-square test for cate-
gorical variables or independent t-test with Bonferroni adjustment for continuous variables.
Then, marginal structural log-linear Poisson regression analysis with an offset of person-years
was performed to estimate adjusted relationships between trajectories of jail incarceration/
homelessness and HIV care outcomes. A stabilized inverse probability of treatment weight
(IPTW) was derived from a propensity score model using trajectory groups (dependent vari-
able) and baseline demographic, behavioral, and criminal characteristics (independent vari-
ables). Estimates from marginal structural modeling were weighted using IPTW to balance
baseline characteristics across trajectory groups to improve exchangeability, ensure positivity
(tightly distributed IPTW with one as a mean value), and meet stable unit treatment value
assumptions (adjusting for poverty levels of neighborhood residency to address potential data
dependency among some study subjects) [15–17]. A sandwich estimator for variance and a
corresponding p-value were calculated because it was robust against model misspecification
[16].

Multiple imputations via IVEware software were performed to address missing data (sex:
1% missing, race/ethnicity: 1% missing, nativity: 1% missing, poverty levels of neighborhood
residency at the time of incarceration: 25% missing), which generated five imputed datasets
[18]. A subset of PLWHA was then re-created and combined results of five estimates were
reported according to Schafer’s approach, which accounts for within- and between-imputation
variability [19].

Because the study did not collect information about behavioral and all clinical characteris-
tics associated with retention in HIV care or viral suppression (e.g., injecting drug use), causal
estimates from marginal structural modeling were potentially biased due to unobserved con-
founding. In a sensitivity analysis, we assessed the extent to which causal estimates might be
influenced by bias due to unobserved confounding by employing VanderWeele and Arah’s
bias formula derived from the relationship between outcome and unobserved confounder and
that between exposure and unobserved confounder [20].

All analyses except for sequence analysis (R 2.14.2, Vienna, Austria) and imputation (IVE-
ware) were performed using SAS 9.2 software (Cary, NC). Statistical significance was estab-
lished if two sided p-value<0.05.

Results
A total of 1,698 individuals living with HIV/AIDS had at least one jail incarceration event in a
NYC jail and spent at least one night at a NYC single adult shelter during January 2001–May
2005. Compared with NYC PLWHA who did not experience jail incarceration or homelessness
during the study period (N = 84,659), this study population was disproportionately male
(84% vs. 69%) and non-Hispanic black (65% vs. 45%), and the percent of non-Hispanic whites
(4% vs. 21%) and residents living in medium poverty neighborhoods (14% vs. 29%) was much
smaller (Table 1). In contrast, the age distribution and stage of HIV infection were similar
between the two groups.

Fig 1 shows that among the 1,698 PLWHA experiencing both jail incarceration and home-
lessness from January 2001–May 2005, events were best represented by four unique trajecto-
ries. The majority (72%) had brief, intermittent jail incarceration and shelter stays during that
time (n = 1,230; hereinafter Temporary). The second most common trajectory pattern (19%)
included adults who spent extensive amounts of uninterrupted time in jail from January 2001–
May 2005 (Continuous incarceration; n = 317). About 9% of the study cohort exhibited one of
two trajectories characterized by unique shelter use patterns; one group spent extensive
amounts of time in shelters (average 728 days) without much interruption, classified as having
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Table 1. Demographic and criminal characteristics by five trajectory groups among 1,698 adults living with HIV/AIDS who were incarcerated in
New York City jail and spent at least one night at New York City single adult shelter in January 2001–May 2005.

NYC
PLWHAa

Total Temporary Continuous
incarceration

Continuous shelter
use

Decreasing shelter
use

Total 84,659 1,698 1230 317 61 90

Exposure in 1/2001–5/2005

Average # of incarceration events 3 3 6 2 3

Average days in jail 139 87 369 71 85

Average jail days per incarceration 49 37 105 39 29

Average # of shelter use events 6 5 6 34 12

Average days in shelters 92 53 52 728 327

Average shelter days per shelter event 14 11 9 53 56

Age as of 6/2002b

18–24 years 4% 6% 6% 5% 8% 7%

25–34 years 17% 24% 24% 27% 13% 20%

35–44 years 39% 50% 49% 53% 44% 53%

45–54 years 30% 18% 18% 15% 28% 19%

55–89 years 10% 2% 3% 1% 7% 1%

Sexc

Male 69% 83% 83% 84% 84% 82%

Female 31% 17% 17% 16% 16% 17%

Race/ethnicityc

Non-Hispanic white 23% 5% 5% 3% 5% 2%

Non-Hispanic black 43% 64% 62% 68% 62% 81%

Hispanic 32% 30% 32% 27% 30% 17%

Asian 1% 0% 0% 0% 0% 0%

Others/unknown 1% 1% 1% 1% 3% 0%

Nativityc

United States born 62% 93% 92% 94% 90% 96%

Foreign born 13% 7% 8% 6% 10% 4%

Poverty levels of neighborhood of
residency

Low (<10% below poverty) 5% 2% 2% 3% 3% 2%

Medium (10 to <20%) 31% 15% 15% 16% 18% 12%

High (20 to <30%) 15% 9% 9% 10% 5% 8%

Very high (�30%) 38% 43% 43% 44% 38% 40%

Missing 11% 31% 31% 27% 36% 38%

Types of criminal charges

Drug possession 43% 40% 59% 34% 39%

Drug sales 26% 23% 36% 33% 22%

Violence 27% 24% 38% 26% 28%

Public administration 30% 28% 39% 28% 34%

Property 43% 37% 63% 38% 43%

Weapons 3% 3% 4% 3% 0%

Quality of life 7% 7% 8% 7% 7%

Sex crimes 2% 2% 2% 7% 4%

Substance used 46% 41% 60% 48% 48%

Serious mental illnessd 2% 2% 3% 2% 6%

Age at HIV diagnosis

13–24 years 10% 10% 10% 9% 8% 8%

(Continued)
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a continuous shelter use pattern (n = 61), and the other had continuous shelter stays during ear-
lier months followed by periods with sporadic occurrences of brief jail incarceration/shelter
stays (Decreasing shelter use; n = 90).

Individuals with Continuous shelter use pattern were older than those in other groups
(Table 1). Race/ethnicity, sex, nativity, and neighborhood poverty were unrelated to trajectory
group. Across all trajectory groups, approximately half of the study cohort had an indication of
substance use, while prevalence of serious mental illness was highest in the Decreasing shelter
use group. Individuals charged with drug possession, drug sales, property, and violent crimes
were more likely to exhibit the Continuous incarceration trajectory compared to those with
other criminal charges. Age at HIV diagnoses and likelihood of progression to AIDS were simi-
lar across trajectory groups.

Among the study cohort, 50% had at least two HIV-related laboratory tests for viral load or
CD4 count, which were�90 days apart during one-year follow-up time (Table 2). This was
similar among non-incarcerated/non-sheltered NYC PLWHA, 50% of whom also experienced
at least two HIV lab tests in the same period. Prevalence of engagement in HIV care was
roughly similar across all trajectory groups, ranging from 41% to 53%. During June 2005-June
2006, 29% of the study cohort experienced viral suppression; prevalence of viral suppression
was highest among individuals who stayed in shelters during the early months and dwelled in
the community afterwards (Decreasing shelter use). During the same period, 41% of non-incar-
cerated/non-sheltered NYC PLWHA experienced viral suppression.

Results from marginal structural regression analysis showed that trajectories of jail incarcer-
ation and homelessness were not significantly associated with subsequent engagement in HIV
care during June 2005-June 2006 (Table 3). Among NYC PLWHA with recent histories of jail
incarceration and homelessness, those with Temporary relative to Decreasing shelter use pat-
terns had 0.67 times lower prevalence of viral suppression during the same one-year period
(95% Confidence Interval (CI) = 0.50, 0.90). In addition, those with Continuous incarceration
pattern were less likely to experience viral suppression, compared with those with Decreasing
shelter use pattern (PR = 0.62, 95% CI = 0.43, 0.88).

Results from the sensitivity analysis showed how the upper bound of 95% CI for the preva-
lence ratio for viral suppression could be affected by adjusting for unobserved confounding

Table 1. (Continued)

NYC
PLWHAa

Total Temporary Continuous
incarceration

Continuous shelter
use

Decreasing shelter
use

Total 84,659 1,698 1230 317 61 90

25–49 years 79% 84% 83% 87% 77% 86%

50+ years 11% 6% 7% 4% 15% 7%

Stage of HIV infection at diagnosise

Early (HIV only) 95% 96% 96% 97% 95% 96%

Late (HIV/AIDS) 5% 4% 4% 3% 5% 4%

aNon-incarcerated/non-sheltered NYC residents living with HIV/AIDS.
bBecause age was calculated at the end of year according to NYC HIV registry and raw birthdate information was not available, age of non-incarcerated/

non-sheltered PLWHA was as of 12/31/2002.
cBecause of a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1%) in the study cohort, sum of these numbers were not matched up with

total numbers of individuals. For non-incarcerated/non-sheltered PLWHA, % of missing data were much greater than that among the study cohort.
dProxy measures were used to capture substance use and prior severe mental illness conditions.
eStage of HIV infection was determined according to the concurrent diagnosis where there is an AIDS diagnosis within 31 days of an HIV diagnosis.

doi:10.1371/journal.pone.0141912.t001
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Fig 1. Four non-overlapping groups of jail incarceration/homelessness trajectories according to sequence analysis among 1,698 adults living with
HIV/AIDS who spent at least one night in a New York City jail and at least one night at a New York City single adult homeless shelters in January
2001–May 2005. This figure describes trajectories of jail incarceration and homelessness in January 2001–May 2005. 4 trajectory groups represent distinct
trajectories that were identified by sequence analysis and each individual belongs to one of 4 groups. Legend: Yellow color: Community-dwelling; Blue color:
incarceration; Red color: homelessness

doi:10.1371/journal.pone.0141912.g001
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(see S1 Fig). As long as the association between unobserved behaviors and viral suppression
was greater than 1 and particular behaviors (e.g., injecting drug use) among individuals with
Temporary relative to Decreasing shelter use patterns were more prevalent (δ>1), the estimated
prevalence ratio would have remained significant. On the other hand, if particular behaviors
among individuals with Temporary relative to Decreasing shelter use patterns were 20% less
prevalent (δ = 0.8) and association between these unobserved behaviors and viral suppression
was strong (PR� 2.5 or γ� 2.5), the estimated prevalence ratio would not have been statisti-
cally significant.

Discussion
In this study, almost half of NYC adults living with HIV/AIDS who were sheltered and incar-
cerated from January 2001–May 2005 experienced inadequate engagement in HIV care during
the one-year follow-up period. This percentage was similar between the study cohort and non-

Table 2. Percentages of continuity of HIV care and HIV viral suppressiona by trajectory groups among adults living with HIV/AIDSwith recent expe-
riences of jai incarceration and homelessness, New York City, June 2005-June 2006.

N % of continuity of HIV carea % of viral suppressiona

Non-incarcerated/non-sheltered NYC PLWHA 84,659b 51% 41%

The study population 1,698 50% 29%

Temporary 1230 53% 29%

Continuous incarceration 317 41% 26%

Continuous shelter use 61 48% 31%

Decreasing shelter use 90 49% 41%

aContinuity of HIV care was defined as having at least two viral load or CD4 tests during June 2005-June 2006, which were �90 days apart. Viral

suppression was defined as being achieved if there was at least one record with a viral load of <400 copies/ml during the 12-month period.
bNon-incarcerated/non-sheltered NYC PLWHA who were diagnosed and alive before 2005.

doi:10.1371/journal.pone.0141912.t002

Table 3. Prevalence ratio for continuity of HIV care and HIV viral suppression by trajectory groups
among 1,698 adults living with HIV/AIDS with recent experiences of jai incarceration and homeless-
ness, New York City, June 2005-June 2006.

Trajectory groups Continuity of HIV care HIV viral suppression

PRa,b 95% CIb PRa,b 95% CIb

Temporary 1.04 0.82, 1.32 0.67 0.50, 0.90

Continuous incarceration 0.81 0.61, 1.07 0.62 0.43, 0.88

Continuous shelter use 0.76 0.49, 1.17 0.71 0.52, 1.22

Decreasing shelter use Reference Reference

CI, confidence interval; PR, prevalence ratio.
aPrevalence ratio was estimated from log-linear Poisson models. Numbers in bold indicate statistical

significance at p <0.05.
bInverse probability of treatment weight was used to control for bias due to confounding. Covariates for the

model for continuity of HIV care included age, sex, race/ethnicity, nativity, neighborhood poverty, a proxy

measure of substance use, a proxy measure of mental illness, criminal charges due to drug sales, violent

crimes, weapon possession, public administration, property crimes, quality of life crimes, sex crimes, ages

of HIV diagnoses, and stage of HIV infection. The same sets of covariates except for criminal charges due

to weapon possession were used for the model for viral suppression.

doi:10.1371/journal.pone.0141912.t003
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incarcerated/non-sheltered NYC PLWHA who were diagnosed and alive prior to 2005. Unlike
with measures of HIV care engagement, however, overall prevalence of viral suppression was
much lower among the study cohort relative to non-incarcerated/non-sheltered NYC
PLWHA, suggesting that treatment initiation and/or adherence to treatment might be more
difficult among PLWHA with exposure to jail incarceration and homelessness.

Within this population of NYC PLWHA who experienced jail incarceration and homeless-
ness, those who sporadically experienced such events or spent extensive amounts of time in jail
from January 2001–May 2005 were less likely to experience viral suppression during the one-
year follow-up period compared with those who left homeless shelters during early months
and rarely returned. However, there was no difference in engagement in HIV care by trajectory
group.

The null association between trajectories of jail incarceration/homelessness and engagement
in HIV care did not support the hypothesis that frequent transitions of short-term jail incarcer-
ation and homelessness are associated with poor engagement in HIV primary care. Prevalence
of HIV care engagement (51%), regardless of trajectory group, was similar to that among non-
incarcerated/non-sheltered NYC PLWHA (50%). It was higher than that among youth and
adults living with HIV/AIDS in 13 United States jurisdictions (45%) [1], and than what was
observed for formerly-incarcerated PLWHA in 10 United States urban areas who were fol-
lowed for 6 months after release from jail (38%) [21]. Our finding implies that those with
recent histories of incarceration and homeless events were able to receive regular HIV care.
Since affordable HIV medical services and various social services are widely available in NYC
via safety net programs such as the Ryan White program, and are promoted in NYC neighbor-
hoods, jails, and homeless shelters, experiencing life disruptions due to jail incarceration and
homelessness might not act as a barrier to subsequent continuity of HIV care for those already
connected to care [12].

Unlike engagement in care, prevalence of viral suppression significantly differed by trajecto-
ries of jail incarceration and homelessness. This implies that initiation of and/or adherence to
treatment might be more difficult among PLWHA with sporadic, often frequent, exposure to
brief jail incarceration and homelessness or those with extensive incarceration experiences,
compared with those who had shelter stays only during the early portion of the study period
with rare return to shelters or incarcerations subsequently. Given that permanent housing
assistance and services were available to NYC PLWHA who qualified, this finding may reflect
better access to services such as case management among the reference group that resulted in
their being started on treatment and/or assisted them in adhering to HIV treatment regimens.
Another possible mechanism is that being persistently out of shelter and jail is indicative of
housing stability. Housing stability and the associated likelihood of medication adherence may
influence some provider decisions about whether or not initiate HIV treatment [3].

Adults experiencing the Continuous incarceration pattern, as opposed to Decreasing shelter
use pattern, were also less likely to achieve viral suppression, whereas there was no significant
difference between those with Continuous shelter use pattern and the reference group. This dif-
ference between the two continuous patterns may suggest that incarcerated NYC PLWHA
experience more difficulty being connected to housing services and experiencing housing sta-
bility compared with those in shelters during the early 2000s, which could negatively impact
initiation of and/or adherence to HIV treatment regimens [22]. Additionally, because those
with continuous incarceration experiences were more likely to be transferred from jails to pri-
sons and clinical data from prisons were missing, viral suppression status could have been mis-
classified (and the proportion virally suppressed underestimated). This limitation, along with
post-release challenges of stable housing, might partly explain why low viral suppression was
observed among those with extensive jail incarceration, unlike previous studies that reported
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positive impacts of incarceration on viral suppression during incarceration [23,24]. Additional
data on housing, case services, and prison data are needed to fully understand the mechanism
that particular trajectories were associated with viral suppression, while engagement in HIV
care was independent of trajectories of incarceration/homelessness.

The study finding supports our conclusion from previous work that excess risk of HIV-
related mortality associated with the Temporary pattern could be a manifestation of disruptions
to HIV treatment due to transitions between jails and shelters [13]. In the current study, viral
suppression may act as a mediator of the Temporary pattern-HIV-related mortality associa-
tion. Sporadic experiences of brief jail incarceration and homelessness, as opposed to undis-
rupted community-dwelling, may contribute to elevating HIV-related mortality risk among
NYC PLWHA with recent incarceration and homelessness by creating environments where
essential HIV care and adherence cannot be initiated and/or gets disrupted. Future studies that
link mortality data with data form jail and shelter registries and the HIV surveillance registry
are warranted to further explore and test mechanisms, such as declining CD4 counts, which
may contribute to excess HIV-related mortality associated with a pattern of sporadic exposure
to brief jail incarceration and homelessness.

This study has some limitations. First, there were limited data on demographic, behavioral,
and clinical characteristics of PLWHA who were both incarcerated and sheltered. Despite use
of proxy measures of mental illness and substance use, we might not have been able to
completely capture PLWHA with these conditions. Individuals with Temporary pattern may
be different in systematic ways that may be causally related to risk for not initiating HIV treat-
ment and/or HIV treatment non-adherence than those with Decreasing shelter use pattern.
Depending on the direction of unobserved confounding between these patterns, the relation-
ship between viral suppression and Temporary pattern could be biased either toward or away
from the null, as seen in the sensitivity analysis. For example, suppose that 50% of individuals
with Temporary pattern had no documented history of injecting drug use. If the percent of
non-injecting drug users among Decreasing shelter use individuals was 63% and non-injecting
drug users were 2.5 times or higher more likely to experience viral suppression, Temporary ver-
sus Decreasing shelter use pattern would have been no longer significantly associated with viral
suppression. Second, data about housing quality and types of housing services were not col-
lected. Even though homeless PLWHA in NYC have a legal right to be housed, being out of
shelter and jail does not necessarily mean being stably housed in the community, and some
types of housing assistance are more likely to facilitate stability than others. Third, we consid-
ered PLWHA who did not have viral load test results during the analytic period to be virally
unsuppressed [25]. Because test results from state prisons could not be included in this analysis
and PLWHA with Continuous incarceration pattern were more likely to move to state prisons
than those with other patterns, selection bias could not be ruled out. Fourth, data about antire-
troviral treatment were not available for analyses. Without knowing length of time under the
treatment, understanding an impact of housing stability on viral suppression was limited.
Lastly, because antiretroviral treatment was not recommended for all PLWHA and recommen-
dations were only tied to low CD4 count rather than high viral loads during the study period,
lack of viral suppression might not serve as a proxy for lack of care of poor adherence.
Although stage of HIV infection at diagnosis was controlled for, drawing a linkage between
viral suppression and HIV treatment should be made with caution.

Despite these limitations, a main strength of the study is the use of a measure that captured
dynamic aspects of jail incarceration and homelessness, potentially reflecting differing levels of
housing instability over time. In addition, use of IPTW allowed for explicitly testing causal
assumptions, further strengthening internal validity of the finding. Lastly, administrative data
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provided almost complete coverage of HIV-related outcome ascertainment among PLWHA in
NYC.

In conclusion, this study suggests that life disruption due to jail incarceration and homeless-
ness does not appear to introduce additional barriers to receiving HIV care at recommended
intervals but may exert negative influences on achieving and maintaining viral suppression,
which is associated with poor clinical outcomes, survival, and onward HIV transmission. It
also highlights the relatively better outcomes among the reference group (i.e., higher prevalence
of viral suppression) who might experience stable community-dwelling for a longer period.
This finding provides important evidence for policies and services (e.g., case management) in
support of housing stability among incarcerated and sheltered PLWHA in order to reduce risk
of adverse health conditions.
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lence estimates of unobserved confounder and association between HIV viral suppression and
unobserved confounder.
(DOCX)

Acknowledgments
The data were provided by the New York City Department of Health and Mental Hygiene, the
New York City Department of Correction, and the New York City Department of Homeless
Services, and but the analysis does not necessarily reflect the opinions or conclusions of the
New York City Department of Correction, the New York City Department of Homeless Ser-
vices, and/or their staff.

Author Contributions
Conceived and designed the experiments: SL LT DNMCL. Analyzed the data: SL LH LT. Con-
tributed reagents/materials/analysis tools: SL LH. Wrote the paper: SL DN LH THMCL LT.

References
1. Hall HI, Gray KM, Tang T, Li J, Shouse L, Mermin J (2012) Retention in care of adults and adolescents

living with HIV in 13 U.S. areas. J Acquir Immune Defic Syndr 60(1):77–82. doi: 10.1097/QAI.
0b013e318249fe90 PMID: 22267016

2. Centers for Disease Control and Prevention (2011) Vital signs: HIV prevention through care and treat-
ment—United States. MMWRMorb Mortal Wkly Rep 60(47):1618–1623. PMID: 22129997

3. Aidala AA, Sumartojo E (2007) Why housing? AIDS Behav 11(6 Suppl):1–6. PMID: 17710525

4. Aidala AA, Lee G, Abramson DM, Messeri P, Siegler A (2007) Housing need, housing assistance, and
connection to HIV medical care. AIDS Behav 11(6 Suppl):101–115. PMID: 17768674

5. Berg KM, Demas PA, Howard AA, Schoenbaum EE, Gourevitch MN, Arnsten JH (2004) Gender differ-
ences in factors associated with adherence to antiretroviral therapy. J Gen Intern Med 19(11):1111–
1117. PMID: 15566440

6. Johnson MO, Catz SL, Remien RH, Rotheram-Borus MJ, Morin SF, Charlebois E, et al. (2003) Theory-
guided, empirically supported avenues for intervention on HIV medication nonadherence: Findings
from the healthy living project. AIDS Patient Care STDS 17(12):645–656. PMID: 14746658

Impacts of Housing Instability on HIV Care

PLOS ONE | DOI:10.1371/journal.pone.0141912 November 23, 2015 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141912.s001
http://dx.doi.org/10.1097/QAI.0b013e318249fe90
http://dx.doi.org/10.1097/QAI.0b013e318249fe90
http://www.ncbi.nlm.nih.gov/pubmed/22267016
http://www.ncbi.nlm.nih.gov/pubmed/22129997
http://www.ncbi.nlm.nih.gov/pubmed/17710525
http://www.ncbi.nlm.nih.gov/pubmed/17768674
http://www.ncbi.nlm.nih.gov/pubmed/15566440
http://www.ncbi.nlm.nih.gov/pubmed/14746658


7. Leaver CA, Bargh G, Dunn JR, Hwang SW (2007) The effects of housing status on health-related out-
comes in people living with HIV: A systematic review of the literature. AIDS Behav 11(6 Suppl):85–
100. PMID: 17682940

8. Springer SA, Friedland GH, Doros G, Pesanti E, Altice FL (2007) Antiretroviral treatment regimen out-
comes among HIV-infected prisoners. HIV Clin Trials 8(4):205–212. PMID: 17720660

9. Springer SA, Pesanti E, Hodges J, Macura T, Doros G, Altice FL (2004). Effectiveness of antiretroviral
therapy among HIV-infected prisoners: Reincarceration and the lack of sustained benefit after release
to the community. Clin Infect Dis 38(12):1754–1760. PMID: 15227623

10. Rich JD, Wakeman SE, Dickman SL (2011) Medicine and the epidemic of incarceration in the United
States. N Engl J Med 364(22):2081–2083. doi: 10.1056/NEJMp1102385 PMID: 21631319

11. Lim S, Seligson AL, Parvez FM, Luther CW, Mavinjurve MP, Binswanger IA, et al (2012) Risks of drug-
related death, suicide, and homicide during the immediate post-release period among people released
from New York City jails, 2001–2005. Am J Epidemiol 175(6):519–526. doi: 10.1093/aje/kwr327 PMID:
22331462

12. Torian LV, Wiewel EW (2011) Continuity of HIV-related medical care, New York City, 2005–2009: Do
patients who initiate care stay in care? AIDS Patient Care STDS 25(2):79–88. doi: 10.1089/apc.2010.
0151 PMID: 21284498

13. Lim S, Harris TG, Nash D, Lennon MC, Thorpe LE (2015) All-cause, drug-related, and HIV-related mor-
tality risk by trajectories of jail incarceration and homelessness among adults in New York City. Am J
Epidemiol 181(4):261–270. doi: 10.1093/aje/kwu313 PMID: 25660082

14. Greenland S, Pearl J, Robins JM (1999) Causal diagrams for epidemiologic research. Epidemiology
10(1):37–48. PMID: 9888278

15. Rubin DB (1980) Discussion of randomized analysis of experimental data: The Fisher randomization
test by Basu D. Journal of the American Statistical Association 75:591–593.

16. Cole SR, Hernan MA (2008) Constructing inverse probability weights for marginal structural models.
Am J Epidemiol 168(6):656–664. doi: 10.1093/aje/kwn164 PMID: 18682488

17. Robins JM, Hernan MA, Brumback B (2000) Marginal structural models and causal inference in epide-
miology. Epidemiology 11(5):550–560. PMID: 10955408

18. Raghunathan TE, Lepkowski JM, VanHoewyk J, Solenberger P (2001) A multivariate technique for
multiply imputing missing values using a sequence of regression models. Surv Methodol 27:85–95.

19. Schafer JL (1997) Analysis of incomplete multivariate data. London: Chapman Hall.

20. Vanderweele TJ, Arah OA (2011) Bias formulas for sensitivity analysis of unmeasured confounding for
general outcomes, treatments, and confounders. Epidemiology 22(1):42–52. doi: 10.1097/EDE.
0b013e3181f74493 PMID: 21052008

21. Althoff AL, Zelenev A, Meyer JP, Fu J, Brown SE, Vagenas P, et al. (2013) Correlates of retention in
HIV care after release from jail: results from a multi-site study. AIDS Behav 17(2):156–170.

22. Jordan AO, Cohen LR, Harriman G, Teixeira PA, Cruzado-Quinones J, Venters H (2013) Transitional
care coordination in New York City jails: Facilitating linkages to care for people with HIV returning home
from Rikers island. AIDS Behav 17 Suppl 2:S212–219. doi: 10.1007/s10461-012-0352-5 PMID:
23128979

23. Meyer JP, Cepeda J, Wu J, Trestman RL, Altice FL, Springer SA (2014) Optimization of Human Immu-
nodeficiency Virus treatment during incarceration: viral suppression at prison gate. JAMA Intern Med
174(5):721–729. doi: 10.1001/jamainternmed.2014.601 PMID: 24687044

24. Meyer JP, Cepeda J, Springer SA, Wu J, Trestman RL, Altice FL (2014) HIV in people reincarcerated in
Connecticut prisons and jails: an observational cohort study. The Lancet HIV 1(2):e77–e84. PMID:
25473651

25. Wiewel EW, Braunstein SL, Xia Q, Shepard CW, Torian LV (2015) Monitoring outcomes for newly diag-
nosed and prevalent HIV cases using a care continuum created with New York City surveillance data. J
Acquir Immune Defic Syndr 68(20):217–226.

Impacts of Housing Instability on HIV Care

PLOS ONE | DOI:10.1371/journal.pone.0141912 November 23, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/17682940
http://www.ncbi.nlm.nih.gov/pubmed/17720660
http://www.ncbi.nlm.nih.gov/pubmed/15227623
http://dx.doi.org/10.1056/NEJMp1102385
http://www.ncbi.nlm.nih.gov/pubmed/21631319
http://dx.doi.org/10.1093/aje/kwr327
http://www.ncbi.nlm.nih.gov/pubmed/22331462
http://dx.doi.org/10.1089/apc.2010.0151
http://dx.doi.org/10.1089/apc.2010.0151
http://www.ncbi.nlm.nih.gov/pubmed/21284498
http://dx.doi.org/10.1093/aje/kwu313
http://www.ncbi.nlm.nih.gov/pubmed/25660082
http://www.ncbi.nlm.nih.gov/pubmed/9888278
http://dx.doi.org/10.1093/aje/kwn164
http://www.ncbi.nlm.nih.gov/pubmed/18682488
http://www.ncbi.nlm.nih.gov/pubmed/10955408
http://dx.doi.org/10.1097/EDE.0b013e3181f74493
http://dx.doi.org/10.1097/EDE.0b013e3181f74493
http://www.ncbi.nlm.nih.gov/pubmed/21052008
http://dx.doi.org/10.1007/s10461-012-0352-5
http://www.ncbi.nlm.nih.gov/pubmed/23128979
http://dx.doi.org/10.1001/jamainternmed.2014.601
http://www.ncbi.nlm.nih.gov/pubmed/24687044
http://www.ncbi.nlm.nih.gov/pubmed/25473651

