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Abstract The prevalence of HIV among people in cor-
rectional facilities remains much higher than that of the
general population. Numerous studies have demonstrated
the effectiveness and acceptability of HIV treatment for
individuals incarcerated in US prisons and jails. However,
the period following incarceration is characterized by sig-
nificant disruptions in HIV care. These disruptions include
failure to link in a timely manner (or at all) to community
care post-release, as well as not being retained in care after
linking. We used a retrospective, propensity-matched co-
hort design to compare retention in care between HIV-
positive individuals recently released from prison
(releasees) who linked to care in Ryan White HIV/AIDS
Program (RWHAP) clinics and RWHAP patients without
a recent incarceration history (community controls). We
also performed analyses comparing viral load suppression
of those retained in both groups. This study shows that
even for those who do successfully link to care after prison,
they are 24 to 29 percentage points less likely to be retained
in care than those already in community care. However, we
found that for those who did retain in care, there was no
disparity in rates of viral suppression. These findings
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provide valuable insight regarding how best to address
challenges associated with ensuring that HIV-positive in-
dividuals leaving prison successfully move through the
HIV care continuum to become virally suppressed.
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Background

Prisoners are among the groups most heavily impacted by
HIV. The prevalence of HIVamong people in correctional
facilities remains three to five times higher than that of the
general population [1]. Numerous studies have demon-
strated the effectiveness and acceptability of HIV treat-
ment for individuals incarcerated in US prisons and jails
[2, 3]. However, the period following incarceration is
characterized by significant disruptions in HIV care.
These disruptions include failure to link in a timely man-
ner (or at all) to community care post-release, as well as
not being retained in care after linking. Studies from the
prison and jail systems in Texas, California, North Caro-
lina, and Rhode Island showed substantial levels of de-
layed and failed linkage to community HIV care follow-
ing release from correctional facilities [4, 5]. A systematic
review of studies describing retention in care following
release from incarceration also demonstrated significant
declines following release, with only 30% of individuals
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retained in care (as defined by two medical visits over
6 months) in the post-incarceration period [6].

One of the goals of the National HIV/AIDS Strategy—
Updated to 2020 is to reduce new HIV infections. This
can be achieved by engaging and retaining people living
with HIV from the time of testing and across care transi-
tions [7]. The outcomes of these efforts have been
depicted as the HIV care continuum (or treatment cas-
cade) [8]. Individuals who are retained in care are more
likely to be virally suppressed and can access other health
care services, such as counseling and treatment for sexu-
ally transmitted diseases [9—11]. Not being in consistent
and effective care places HIV-positive individuals at
higher risk for HIV-related illnesses and death, while also
contributing to ongoing HIV transmission [12, 13]. Stud-
ies have shown that individuals who are retained in care
and maintain viral suppression can reduce the likelihood
of transmitting HIV to an uninfected partner to near zero
[13]. Tt is estimated that more than 60% of all new
infections in the USA may be attributed to individuals
who have been diagnosed with HIV, but are not retained
in care and virally suppressed [14].

In spite of the importance of a national emphasis on
retaining vulnerable populations in care, few studies exist
that examine the difference in retention between HIV-
positive individuals leaving corrections and HIV-positive
individuals already receiving care in the community [6].
Such comparisons are needed in order to understand
whether the retention experience is different and if so, to
determine the magnitude of the difference. In an environ-
ment of limited resources, this information is necessary for
programs that need to prioritize defined populations for
targeted interventions. Most published studies have fo-
cused on linkage to care post-release. Fewer studies have
focused on retention following linkage to care, and only
two published studies have focused on clinical outcomes
post-release [6]. Building on our earlier linkage to care
analysis, this paper seeks to address this gap in the literature
through analysis of state-level post-release retention and
viral suppression outcomes in two states [15]. Our goal is to
distinguish the impact of recent incarceration on rates of
retention and viral suppression in community care. To
provide such information, the objective of this study was
two-fold: (1) to examine differences in retention in care
between HIV-positive individuals leaving corrections and
HIV-positive individuals already receiving care in the
community, and (2) to determine whether there is a differ-
ence in rates of viral suppression between those two groups
among those who are successfully retained in care.
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Methods

We used a retrospective, propensity-matched cohort
design to compare retention in care between Ryan White
HIV/AIDS Program (RWHAP) patients recently re-
leased from prison (releasees) and RWHAP patients
without a recent incarceration history (community con-
trols). The releasees were released from state prison
between January 1, 2010 and December 31, 2013. The
community controls were individuals who also received
RWHAP care over that same period of time. The
RWHAP provides HIV/AIDS care and treatment to
uninsured and underinsured HIV-positive individuals
in all 50 states and US territories [16]. Because releasees
were unlikely to have access to third-party payer health
care coverage immediately after release from prison, the
RWHAP is the most likely source available to them for
HIV/AIDS care. The releasees for this study were those
who had at least one visit at a RWHAP-funded clinic
post-release. Released individuals for this study were
chosen based upon their initial linkage to care post-
release. Our study did not allow for the inclusion of
the same case more than once during the study period
if they were re-incarcerated and re-linked. Community
controls had to have at least one visit at a RWHAP
funded clinic from 2010 to 2013. The analysis was
conducted using data from Rhode Island and North
Carolina.

Data Sources Releasees were identified using Rhode
Island and North Carolina’s 2010-2013 annual admin-
istrative data files created for the Bureau of Justice
Statistics’ (BJS) National Corrections Reporting Pro-
gram (NCRP). The data include demographics, convic-
tion offenses, sentence length, time served, date of re-
lease, and type of release. Community HIV medical
service and viral load data were obtained via annual
Ryan White Services Report (RSR) data for participat-
ing RWHAP providers for the years 2010-2013. Data
elements in the RSR include demographics, dates and
results of viral load and CD4 monitoring, and service
utilization, including dates of outpatient ambulatory
medical care visits. The RSR files for this study were
provided by RWHAP provider sites that chose to make
their data available. In North Carolina, files were ob-
tained from 15 of the 19 RWHAP-funded grant recipi-
ents, including data from all of the providers with which
they subcontract. The Charlotte-Mecklenburg County
Transitional Grant Area (TGA) data were not made
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available; therefore, the data for that area of the state are
missing. In Rhode Island, data for all RWHAP providers
were available. Complete detail on these data sources
has been previously reported [15, 17]. The analytic
sample was created by merging individual-level data
from the NCRP and the RSR data files. The files were
merged based upon a previously validated confidential
method that employs the use of an encrypted unique
client identifier (UCI) drawn from RSR data reporting
system [18]. This method blinds the study team to the
identity of the individuals whose data was analyzed for
the study and prevents re-identification of individuals.

Cohorts Propensity score matching was used to match a
cohort of releasees with a cohort of community controls.
A propensity score is defined as the conditional proba-
bility of receiving a treatment given pretreatment char-
acteristics. Treatment in this case refers to recent incar-
ceration. After matching on the propensity scores, the
distributions of observed covariates for incarcerated and
non-incarcerated cohorts were similar on average. The
variables used for propensity score matching were the
demographic variables of race/ethnicity, gender, age,
and HIV primary risk factor.

Outcomes Retention in care was assessed as two med-
ical care visits at least 90 days apart within a 365-day
period [12, 19]. For releasees, the 365-day observation
began on the date of the first post-release clinic visit. For
community controls, the observation period began on
the date of the first clinic visit during the study
observation period. We also measured viral load
suppression as an additional outcome focusing solely
on those who were retained during the measurement
year. Viral load suppression was defined as having a
viral load value of <200 copies/ml [20]. Individuals
whose first visit occurred after January 1, 2013 were
excluded from the data set because they could not
be followed for at least 365 days and therefore could
not have adequate follow-up time to meet the reten-
tion definition.

Statistical analyses

Propensity matching was performed separately for the
data from each state. We performed a one-to-one greedy
matching between the two groups [21]. In this approach,
an individual from the community control group is

chosen as a matching partner for a releasee that is closest
in terms of propensity score. The algorithm
matched the pairs, with a caliper that restricts the
maximum allowed difference in propensity score
between releasees and community controls to be
2. The covariates’ bias, variance ratios of the logit
transform of the propensity scores, and the ratio of
the variances of the residuals of the covariates
after adjusting for the propensity score were used
to assess the balance in the releasees and commu-
nity controls. Variance ratios between 0.5 and 2
will yield accurate model estimates [22].

Analyses were conducted to determine the average
treatment effect of having been recently released from
prison on retention in care as compared to those who
were already receiving care in the community at a
RWHAP clinic. The dependent variable in the regres-
sion was retention in care. The independent variables
were race, ethnicity, gender, age, and HIV risk factor.
We calculated the average treatment effect on the treated
(ATT) on retention for each state. ATT represents the
average difference in retention in care for those individ-
uals who were recently released from prison compared
to their expected retention in care had they not been
incarcerated.

Analyses of viral load suppression were per-
formed on retained individuals, using the full com-
munity and corrections data set, not the matched.
This is because the matched releasee and commu-
nity control populations no longer resembled each
other once we omitted the non-retained subjects.
We performed chi-squared tests to determine which
variables were associated with differences in sup-
pression. For each variable, we omitted categories
with fewer than 10 subjects in order to preserve
meaningful comparison. Consequently, in our anal-
ysis of race, we omitted those four subjects (all in
North Carolina) with unknown race. Within the
Rhode Island cohort, we did not include eight
subjects with unknown status in the housing anal-
ysis, and we also did not include transgender
subjects (n=2) in our analysis of gender.

All analyses were completed using STATA/SE 13.1.

The study was reviewed and approved by the Insti-
tutional Review Boards at the Miriam Hospital, Abt
Associates, the University of North Carolina, Duke
University Medical Center, as well as the Rhode Island
and North Carolina prison systems and the Office for
Human Research Protections.
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Results
Population Characteristics

The total number of individuals that received RWHAP
medical care in time to be followed for 1 year in North
Carolina was 10,410 individuals and the total in Rhode
Island was 1787 (Table 1). There were differences in the
recently released and community populations both with-
in and between states. Rhode Island had a larger
Hispanic/Latino population in both the recently released
and community populations (17%/23%), whereas the

Table 1 Unmatched study sample

North Carolina Hispanic/Latino population was less
than 10% in both cohorts. North Carolina had a larger
Black population than Rhode Island in both cohorts
(79%/62% compared with 30%/30%). In both Rhode
Island and North Carolina, the recently released sample
had a larger percentage of males compared to the com-
munity group (NC 82%/66%, R1 85%/69%). Persons
recently incarcerated as compared to those linking in the
community more commonly identified IDU as the risk
factor for HIV transmission (NC 9 vs 5%, RI 30 vs
13%). Male to male sexual contact as risk factor for
HIV was reported less commonly among those released

North Carolina Rhode Island
Recently released ~ Community controls ~ p value  Recently released ~ Community controls  p value
n (%) n (%) n (%) n (%)
Gender <.001 .015
Male 328 (82) 6564 (66) 78 (85) 1170 (69)
Female 71 (18) 3286 (33) 14 (15) 510 (30)
Transgender 0(0) 65 (1) 0(0) <5(0)
Missing 2 (0) 94 (1) 0(0) 12 (1)
Race <.001 <.001
White 66 (16) 3269 (33) 53 (58) 1008 (59)
Black 318 (79) 6215 (62) 28 (30) 506 (30)
Other 15 (4) 415 4) 0 (0) 169 (10)
Missing 2 (0) 110 (1) 11 (12) 12 (1)
Ethnicity <.001 314
Non-Hisp/Non-Lat 394 (98) 9243 (92) 76 (83) 1293 (76)
Hisp/Latino <5() 669 (7) 16 (17) 390 (23)
Missing 3(1) 97 (1) 0(0) 12 (1)
HIV primary risk factor <.001 <.001
MSM 70 (17) 3641 (37) 43 (47) 900 (53)
IDU 38 9) 474 (5) 28 (30) 228 (13)
Heterosexual contact 278 (69) 5326 (53) 18 (20) 418 (25)
Other risk 13 (3) 568 (6) <5() 149 (9)
Missing 2(0) 0 (0) 0(0) 0 (0)
Housing status <.001 <.001
Permanent/stable 291 (73) 8515 (85) 42 (46) 1272 (75)
Unstable/temporary 100 (25) 621 (6) 49 (53) 404 (24)
Unknown 8(2) 780 (8) <5(1) 7(0)
Missing 2 (0) 93 (1) 0(0) 12 (1)
Age .023 348
Under 34 72 (18) 2283 (23) 20 (22) 303 (18)
34 and over 329 (82) 7726 (77) 71 (78) 1392 (82)
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in North Carolina (17 vs 37%) but in Rhode Island the
frequency of reporting was similar between the recently
released and community cohorts (47% vs 53%). There
was a corresponding higher rate of reported heterosex-
ual HIV transmission among the recently released co-
hort in North Carolina (69 vs 53%) with similar propor-
tions reporting heterosexual transmission risk in Rhode
Island (20%/25%). In both states, releasees experienced
higher rates of unstable housing (NC 25%/6% and RI
53%/24%).

Retention
Drawing upon the total sample, the propensity score
matching algorithm yielded a final sample of 245

matched pairs in North Carolina and 81 matched pairs
in Rhode Island. Table 2 shows that almost all of the

Table 2 Propensity score-matched sample

variables in both Rhode Island and North Carolina fell
within the acceptable guidelines indicating that the co-
variates in the matched sample met the criteria for a
balance. Only the HIV primary risk factor in Rhode
Island fell outside of the 0.5-2 range with a variance
ratio of 2.04.

Table 3 reports the estimated propensity score-
adjusted ATT for Rhode Island and North Caroli-
na, respectively. In Rhode Island, there were 62%
of releasees retained in care as compared to
91% of the community controls. In North Caroli-
na, releasees retained at 66%, and community con-
trols retained at 90%. Using the propensity score-
matched pairs, the ATT for the Rhode Island-
matched sample demonstrated a negative effect of
—0.29, and for the North Carolina matched sample
it was —0.24.

North Carolina Rhode Island
Recently released Community Recently Community controls
[n=245] controls released [n=81]
[n=245] [n=81]
n (%) n (%) Variance ratio n (%) n (%) Variance ratio
[v(/v(e)] [V (©)]
Gender
Male 198 (81) 198 (81) 67 (83) 69 (85) 0.94
Female 47 (19) 47 (19) 14 (17) 12 (15) 0.94
Transgender - -
Race
White 40 (16) 44 (18) 0.92 53 (65) 55 (68) 0.94
Black 197 (80) 191 (78) 0.98 28 (35) 25 (31) 1.01
Other 8 (4) 10 (4) 1.6 0(0) <5(1) -
Ethnicity
Non-Hisp/ 242 (99) 243 (99) 1.1 66 (81) 68 (84) 1.34
Non-Lat
Hisp/Latino <5(1) <5(1) 1.1 15 (19) 13 (16) 1.34
HIV primary risk factor
MSM 43 (18) 44 (18) 091 38 (47) 48 (59) 0.98
IDU 18 (7) 21(8) 1.3 27 (33) 13 (16) 2.04
Heterosexual 170 (69) 171 (70) 0.96 13 (16) 17 21) 0.65
contact 0.55 0.48
Other risk 14 (6) 9 (4) 3 @) <5(4)
Age* 42 (9.5) 42 (9.4) 0.7 43 (9.73) 45 (10.72) 0.8
logit (propensity —2.91 (0.63) —2.91 (0.63) 1 —2.89(0.71) —2.89 (0.71) 1
score)*
*Mean (SD)
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Table 3 Average treatment effect of prison stay (treated) on retention

Rhode Island Sample Recently released Community Difference SE
Unmatched .62 92 -.30 .03
ATT .62 91 -.29

North Carolina Unmatched .66 .90 -.24 .03
ATT .66 .90 - .24

Suppression among individuals motivated to join the study, 33% did

In both states, among the patients who were retained,
releasees were less likely to be suppressed compared to
community controls (NC 68%/72%, RI 69%/76%);
however, the difference was not statistically significant
(Fig. 1). Although not the focus of this paper, we ob-
served that the characteristics significantly associated
with VL suppression in both sites included being male,
stably housed and over 34 years of age.

Discussion

The results of this study indicate that HIV-positive indi-
viduals reentering the community after release from
prison experience greater difficulty staying retained in
HIV care compared with those already receiving care in
the community. This situation creates a serious threat to
the health of HIV-positive releasees. It also increases the
overall viral load of the community into which they
released, creating increased opportunities for transmis-
sion of HIV. However, this study also indicates that once
retained, releasees can achieve and maintain viral sup-
pression as successfully as individuals in the community
without recent incarceration. This suggests that efforts to
increase retention in this key population can result in
multiple downstream benefits such as reduced morbid-
ity and mortality of HIV-positive releasees, reduced
health care costs associated with stabilizing releasees
who become very ill due to unsuppressed viral loads,
and reduction in HIV transmission in the community.
The risk of interruption in HIV care upon reentry into
the community after release from prison has been well
established. As other analysis involving this cohort of
releasees has shown, individuals often fail to link to care
in the community in a timely manner after release [15]
and many do not link at all. A recent study by Wohl et al.
recruited a population of HIV-positive individuals being
released from prison in North Carolina and Texas. Even
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not reach the study 24-week end point due to re-
incarceration or loss to follow-up [23]. Our study shows
that even for those who do successfully link to care, they
are 24 to 29 percentage points less likely to be retained
in care than those already in community care. However,
for those who are retained, recent incarceration is not a
statistically significant characteristic associated with
failure to attain viral suppression. The primary charac-
teristics for being unsuppressed among retained patients
were being non-Hispanic, non-White, female, or unsta-
bly housed. In both states, the overall suppression rates
for those retained in care were 72—76%. Although sup-
pression was somewhat lower for releasees, the differ-
ence was not statistically significant. These suppression
rates may be lower than the overall clinic suppression
rate because only patients who had two visits within the
same year were included in this analysis. The overall
clinic suppression rate may be different based upon
individuals who only had a single visit. This observation
highlights that if barriers to retention can be addressed,
virologic suppression can be achieved in this high-risk
population. Case management interventions often target
the immediate post release period (up to 3—6 months).
The gaps in retention observed may suggest that longer-
term follow-up is needed for persons post release.
Given the observed impact of recent incarceration on
retention, developing targeted interventions for persons
with HIV on reentry would align with and support the
goals of the NHAS 2020 to increase rates of retention
and viral suppression and the Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS) “90-90-90” initia-
tive. The 90-90-90 initiative promotes achieving the
following goals by 2020: diagnosis of 90% of all HIV
infections, 90% of diagnosed cases on antiretroviral
treatment, and 90% of those cases being virally sup-
pressed [24]. These seem like ambitious goals for the
general population and even more so for a high-risk
group like recently released individuals. However, the
community controls in the two study states achieved (or
nearly achieved) the 90% retention goal. While
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challenges remain to achieving the 90% retention goal
for those recently released from prison, they track close-
ly together with the community comparison in viral
suppression rates. If 90% suppression could be achieved
for the retained community patients, it does not appear
unrealistic that retained releasees could also achieve that
suppression goal.

Limitations

This study has a few limitations including a relatively
small sample size. The results of this study are limited to
the outcomes in two states and are not generalizable to
the USA as a whole. Within the state of North Carolina,
we did not have clinic data for releasees that received
services in the Charlotte-Mecklenburg area. While we
only followed releasees that linked to services in the
clinics for which we did have data, it is possible that an
individual in our study could have received follow-up
care in a Charlotte-Mecklenburg clinic for which we did
not have data. Additionally, given that the study did not
gain access to re-incarceration data, we do not know
what portion of releasees failed to meet the retention
threshold due to re-incarceration. A recent study by
Wohl et al. examining the effect of post-release HIV
care engagement programs in North Carolina and Texas

showed that 63 of the 381 study participants did not
complete the 24-week study period due to re-
incarceration [23]. Similarly, we do not know if any of
the controls were arrested and incarcerated during the
observation period. In addition, the elevated risk for
mortality in the post release period has been well
established, which may explain a portion of non-reten-
tion. For example, in 2010, as part of an unpublished
validation study in Rhode Island, we found that four out
of 102 released individuals did not link to care due to
death in the post-release period. There were also four
deaths among the 381 post-release study participants
involved in the Wohl et al. study [23].

While the HHS 2013 clinical guidelines recommend-
ed follow-up viral load testing every 3 to 6 months,
retention in HIV care is a complex concept and has been
measured in a myriad of ways. A variety of metrics for
retention have been evaluated ranging from assessments
of visit frequency, persistence in care over time and viral
load suppression [25]. The metric used for the analysis
was concordant with the HHS 2013 clinical guidelines
[12]. While patients stable in care may be seen less
frequently than every 90 days, it is standard of care for
both individuals newly linking to care and individuals
with significant social instability to be monitored more
frequently. The two visits greater than 90 days apart
reflect a minimal standard which may underestimate
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Fig. 1 Within state comparison of viral load suppression among individuals retained in care
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the number of individuals who are seen less frequently
than required for optimal care. Therefore, some of the
community controls may be well-established patients in
the study clinics and may only be seen once annually. If
this is the case, it would understate the treatment effect
of a prison stay and imply that the study results are even
more significant than stated here.

It is possible that a portion of the treatment effect
attributed to incarceration relates to unmeasured and
correlated confounders, particularly the presence of sub-
stance use disorders or mental health diagnoses. Though
substance use and mental health disorders are prevalent
among persons who have been incarcerated, it is impor-
tant to also note that the rates of these are higher in the
general HIV population as well [26]. Given that these
data are not present in the NCRP release or RSR
datasets, it is not possible to distinguish the portion of
the treatment effect of incarceration attributable to these
factors. Despite this limitation, the results are still im-
portant as they illustrate the increased challenges faced
by HIV-positive individuals who experienced recent
incarceration and the clinics that seek to serve them.
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