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Abstract 

Background\Objectives  Concomitant with low rates of pharmacotherapy for incarcerated individuals with OUD, 
there is a high rate of opioid overdose following re-entry into the community. Our research objective was to develop 
a better understanding of the factors that influence health-related quality-of-life (HRQoL) among this population 
during the high-risk transition period from incarceration to community. Few studies have assessed health-related 
quality-of-life (HRQoL) among individuals with OUD who are involved with the criminal-legal system, let alone over 
the period directly surrounding release from incarceration.

Methods  Secondary longitudinal analysis of data from a clinical trial where participants were randomized 1:1 to pre-
release extended-release naltrexone (XR-NTX) + referral to community XR-NTX, vs. referral only. We conducted indi-
vidual, multivariable regressions of EQ-5D domains (mobility, pain/discomfort, anxiety/depression; usual activities and 
self-care were excluded due to insufficient variation in scores), and the overall preference/utility score. HRQoL data 
were subset to timepoints immediately before release (baseline) and 12 weeks post-release; treatment groups were 
collapsed across condition. Multiple imputation by chained equations was conducted to handle missing 3-month 
data in the dependent variables and covariates, ad hoc.

Results  Greater severity in the psychiatric composite score was associated with substantially lower HRQoL, across all 
measures, following release from incarceration. Greater severity in the medical composite score was associated with 
lower pain/discomfort-related HRQoL.

Conclusions  Our findings highlight the importance of ensuring individuals with OUD are linked not only to MOUD, 
but also treatment for their comorbid conditions upon release from incarceration.

Introduction
The U.S. Department of Justice estimated the number of 
incarcerated individuals under state and federal jurisdic-
tion to be 1,430,800 at the end of 2019 [1], approximately 

15% of whom were believed to have an opioid use dis-
order (OUD) [2, 3]. Concomitant with low rates of 
medication treatment for incarcerated individuals with 
OUD (only ~ 5% receive buprenorphine, methadone, or 
naltrexone) [2, 3, 5], there is a high rate of opioid over-
dose following re-entry into the community. Accord-
ing to Binswanger et al., the risk of death within the first 
2  weeks of re-entry into the community is 12.7 times 
greater for those with an OUD, than the general U.S. 
population [6].

Initiation on OUD pharmacotherapy just prior-to, or 
immediately-following release from incarceration has 
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been associated with increased rates of entry to commu-
nity-based treatment [6, 8, 9, 10, 11], treatment retention 
[9, 11, 13], and opioid abstinence [8, 10, 13, 14]. Evidence-
based treatment for OUD has also been associated with 
reductions in violent behavior and criminal-legal activity 
[13, 16, 17, 18, 19, 20, 21, 22]; healthcare cost-offsets from 
fewer emergency department visits and inpatient admis-
sions; [15, 17, 21, 22] improved workplace productivity 
and higher health-related quality-of-life (HRQoL) [19, 22, 
24]. Although, not as much existing evidence speaks to 
extended-release naltrexone (XR-NTX) specifically, prior 
studies have shown it to be effective at reducing opioid 
use in real-world settings [21, 22, 25], including among 
persons with criminal-legal history [26]. Of particular 
relevance is Lee et  al. [26], a randomized controlled-
effectiveness trial comparing XR-NTX to treatment-
as-usual (brief counseling and referrals to community 
treatment programs) among individuals with criminal-
legal history, but not necessarily incarceration. Results of 
the study found that individuals who received XR-NTX 
had a lower rate of opioid relapse compared to the treat-
ment as usual group.

HRQoL is typically measured with self-report instru-
ments designed to capture an individual’s well-being 
across multiple domains (e.g., physical, mental, emo-
tional, etc.). Some HRQoL instruments are capable of 
generating an index value, based on the respondent’s 
combination of domain scores, which is intended to 
reflect their specific health-state at that point in time 
[27]. Those index values can then be mapped to weights 
reflecting the general population’s preference/perceived-
utility for that health-state. The HRQoL preference/util-
ity weights generally vary between 0, signifying death, 
and 1, signifying optimal health; although, some instru-
ments, such as the EuroQoL-5D (EQ-5D), are capable 
of measuring health-states perceived to be worse than 
death, thus resulting in a negative utility weight. The util-
ity weight can also be used to calculate quality-adjusted 
life-years (QALYs) gained. The QALY is a longitudinal 
combination of an individual’s HRQoL for a particular 
health-state and the amount of time spent in that health-
state; thus, it effectively provides a summary HRQoL 
score over a given time frame, using multiple data points, 
and is interpreted in the context of 1 QALY represents 
one year of perfect health [28]. The EQ-5D also includes 
a visual analog scale where respondents rate their over-
all health on a 0–100 scale, where 0 represents the worst 
health the person could imagine, and 100 the best [29].

Few studies have assessed HRQoL or QALYs among 
individuals with OUD who are also involved with the 
criminal-legal system, let alone over the time period 
directly before and after release from incarceration. 
Togas and colleagues examined the relationship between 

HRQoL, measured via the EQ-5D, and a variety of soci-
odemographic, health-related, and prison/facility char-
acteristics, among the general male prison population in 
Greece [30]. On average, respondents indicated having 
some/extreme issues with anxiety/depression, but little-
to-no issues in relation to the mobility, self-care, usual 
activity, and pain/discomfort [30]. Murphy et  al. tested 
QALYs gained as part of a cost-effectiveness analysis 
conducted alongside a clinical trial comparing extended-
release naltrexone (XR-NTX) to detoxification and refer-
ral to treatment, among community-dwelling individuals 
with OUD, who were also involved with the criminal-
legal system, but had not necessarily been incarcerated 
[31]. The findings indicated that QALYs gained by partic-
ipants in the XR-NTX arm surpassed those in the detox/
referral arm at 25 and 78  weeks, with statistical signifi-
cance at 25-weeks [31].

A recent trial by Woody et  al. [32] studied outcomes 
associated with administering XR-NTX to detoxified 
prisoners with OUD before release, with referral to a 
nearby program for continuing XR-NTX after release, 
vs. referral to the same program to start XR-NTX after 
release with continued XR-NTX for 3 or more months. 
The primary outcome was relapse to opioid use at post-
release month 3. HRQoL data were collected using the 
EQ-5D at baseline (pre-release), and at 12- and 24-weeks 
post-release. The pre-release XR-NTX arm self-reported 
a significantly-lower, mean 12-week score on the HRQoL 
visual analog scale (unadjusted overall health) compared 
to the XR-NTX referral arm [32]; however, the cost-effec-
tiveness analysis conducted alongside the study found 
that the EQ-5D generated QALYs did not differ signifi-
cantly between the two arms at 12- or 24-weeks, after 
controlling for potential confounding variables [33]. The 
individual EQ-5D domains (mobility, self-care, usual 
activities, pain/discomfort, anxiety/depression) were not 
tested for between-arm differences.

Our research objective was to develop a better under-
standing of the factors that influence both the individual 
components, and the overall HRQoL among individuals 
with OUD during the high-risk transition period from 
incarceration to community. These nuanced findings 
could identify characteristics that would not only inform 
policies to reduce the threat of opioid overdose among 
this population, but also improve their general well-being 
during this critical period.

Methods
Study design and data
We conducted a secondary analysis of HRQoL among 
persons with OUD who were transitioning from incar-
ceration to the community. Our analysis focused on the 
determinants of specific EQ-5D HRQoL domains, as well 
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as the overall preference/utility score (please see descrip-
tion in Introduction), over the first 12 weeks post-release, 
with the first measure taken just before release, and treat-
ment groups collapsed across condition.

Data were obtained from the aforementioned Woody, 
et  al. study, a 1:1 randomized trial, where participants 
with OUD who were incarcerated in the Philadelphia 
Department of Prisons were selected to receive either 
XR-NTX before release, with referral for continuing 
XR-NTX at a nearby community program after release 
(n = 74), or referral to start XR-NTX post-release, and 
receive continuing care at the same nearby program 
(n = 72) [32]. The Philadelphia Department of Prisons is 
actually the county jail, and at the time of the study was 
the sixth largest correctional facility in the U.S., consist-
ing of 6 facilities with 800–1,200 incarcerated individuals 
each. Moreover, both settings were only approximately 
2 miles from the Kensington area of Philadelphia, which 
has received much national attention for its prevalence 
of OUD and the related adverse consequences, such as 
overdose deaths and people experiencing homelessness 
[34, 35].

Participants for the study had to meet the follow-
ing inclusion criteria: be 18  years of age, or older; have 
a DSM-V diagnosis of OUD; be interested in and not 
allergic to XR-NTX treatment; plan to reside in Phila-
delphia for the next 6  months; be eligible for Medicaid 
or other third-party health insurance; anticipate release 
from incarceration within 3–4  months, with no subse-
quent sentence longer than 30  days scheduled at a dif-
ferent carceral facility; no residential treatment stay for 
over 30 days after release; give consent to be contacted; 
be proficient in English (speaking and reading); provide 
contact information of 3 references that could help locate 
the participant; not pregnant or breastfeeding; be eligible 
for treatment at the community treatment provider (NET 
Steps); be able to answer 9 out of 10 items on a study 
quiz,with three attempts allowed; no neurological, car-
diovascular, renal, or hepatic conditions that could make 
participation hazardous; no active tuberculosis; not expe-
riencing psychosis, suicidal thoughts, or homicidal ten-
dencies; no uncontrolled seizure disorder; not on opioid 
therapy for chronic pain; and were not already sentenced 
to naltrexone.

Data were collected from participants at baseline (pre-
release), and at 12- and 24-weeks post-release. How-
ever, of the 146 randomized participants, 60 were lost 
after randomization due to unforeseen facility trans-
fer, withdrawing consent, release prior to scheduled 
study induction, or becoming otherwise ineligible for 
study participation, leaving a final analytic sample of 86 
(n = 38 pre-release XR-NTX; n = 48 referral only) [32]. 

Moreover, uncertainty surrounding release dates led to 
12 pre-release participants requiring a second, “reset” 
dose before community reentry. Baseline characteristic 
comparisons between the 146 randomized participants 
and the resulting 86 subset of participants is described 
in Woody et  al. who noted that both samples achieved 
mean balance. Further comparisons among participants 
lost after randomization could not be made. Additional 
details on the parent study’s design and findings can be 
found in Woody et al. [32].

The parent study measured HRQoL via the EuroQol 5D 
(EQ-5D-5L) [29, 36, 37]. The EQ-5D measures current 
HRQoL across 5 dimensions (mobility, self-care, usual 
activities, pain/discomfort, anxiety/depression), and is 
one of the most widely-used generic, preference-based 
HRQoL instrument [38]. The EQ-5D-5L has 5 possible 
categorical responses (or levels) for each domain, ranging 
from the best possible health (e.g., “I have no problems 
walking”) to the worst possible health (e.g., “I am unable 
to walk”) [29]. As discussed in the Introduction, the EQ-
5D-5L preference/utility score represents the general-
public’s perceived quality of a given health state, defined 
via combinations of the individual domain scores. The 
EQ-5D-5L HRQoL preference/utility score ranges from 
−  0.573 to 1, where 0 is a state considered comparable 
to death, 1 implies perfect health, and a negative value 
implies a state perceived to be worse than death [39].

Our outcome variables were the following longitudinal 
measures: a) categorical HRQoL measures of mobility, 
pain/discomfort, and anxiety/depression (usual activi-
ties and self-care were excluded because 97% and 98% 
of participant responses indicated “minimal difficul-
ties” in these areas, respectively); and b) the previously-
described preference/utility score associated with the 
participant’s health state. For ease of interpretation, the 
EQ-5D domain values were recoded such that an increase 
in values aligned with an improvement in the relevant 
health condition, similar to the utility score. As men-
tioned above, our analysis focused solely on the first two 
data collection timepoints, baseline and 12  weeks post-
release, as the purpose of this study was to conduct an 
in-depth evaluation of the factors that influence HRQoL 
over this critical transition period for persons with OUD.

Regression covariates included baseline sociodemo-
graphic variables (age, race, gender, high school comple-
tion, health insurance status), lifetime and past 30  days 
incarceration, randomization arm, and time-varying 
composite scores from the Addiction Severity Index 
(ASI) Lite (medical, employment/support, alcohol, drug, 
legal status, family/social relationships, psychiatric) [40]. 
The ASI Lite is an instrument designed to identify prob-
lem areas in individuals with substance use disorder 
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(SUD), via semi-structured interviews inquiring about 
the 30 days prior to assessment. The ASI composite score 
variables were continuous and ranged from 0 to 1. An 
increase in the ASI composite score indicates increased 
severity in the associated construct and have been shown 
to be associated with HRQoL in prior studies [38–42]. 
The time-varying ASI composite scores were advanta-
geous to the research objective of evaluating determi-
nants of HRQoL surrounding release from incarceration, 
given the theoretical importance of the information con-
tained therein, and their proximity to the outcomes of 
interest.

Additional predictors included injection drug use, and 
time free from opioids (measured in weeks). History of 
injection drug use was included in the analysis since prior 
studies have found significant associations between it and 
depressive components of various HRQoL scales, as well 
as between HRQoL and other adverse effects of injection 
drug use (e.g. abscess) [43, 44]. Time free from opioids 
was added as a covariate to the analytical model, as prior 
studies have shown effective treatment for OUD resulting 
in time free from opioids, to be associated with improved 
HRQoL [21, 22, 45]. As in Jalali et al. [33], the weeks free 
from opioids variable was calculated as a combination of 
urinalysis and self-report of opioid use; missing urinaly-
sis (measured weekly) or urinalysis that was refused were 
counted as positive with the exception where XR-NTX 
was administered within the past 28 days [46]. As a result 
of missingness in both our predictors and outcome vari-
ables, multiple imputations were conducted on the 4 EQ-
5D-5L outcome variables (mobility, pain/discomfort, and 
anxiety/depression, preference/utility score) and 7 (ASI) 
Lite variables (medical, employment/support, alcohol, 
drug, legal status, family/social relationships, psychiatric).

Analysis
Separate, multivariable regression models were run 
for the three HRQoL domains with sufficient variation 
(mobility, pain/discomfort, anxiety/depression), and the 
overall utility score, between baseline (pre-release) and 
12  weeks post-release; all covariates mentioned above 
were included in each regression model. Ordinal logis-
tic regression was chosen to assess the HRQoL domains, 
given their ordered categorical nature [47, 48]. Over-
all preference/utility was analyzed using a linear model 
after evaluating the most appropriate family and link 
functions within a generalized linear model framework, 
according to current guidelines, which recommend the 
assistance of the modified Parks test for family, and the 
Pregibon-link, Pearson-correlation, and modified-Hos-
mer-and-Lemeshow tests for the link function [49]. All 
models clustered standard errors at the participant level 

to account for within-subject correlation, and all analyses 
were conducted using Stata 17.0.

Addressing missing data
The study was subject to significant patient attrition. 
Prior analyses of the parent study data concluded that 
data was missing at random (MAR), and employed 
robust methods such as multiple imputation, to avoid 
bias [32, 33, 50, 51]. The current study, which meas-
ured participant outcomes at baseline and 12  weeks, 
has zero missing data at baseline and 64% of missing 
data at the 12  week follow-up; additional details are 
available in the Supplementary Statistical Appendix. 
We conducted a battery of statistical tests that sug-
gested the data were again MAR (see Additional file 1). 
Multiple imputation has been shown to perform well 
in addressing missing data bias when data are MAR 
[47, 53, 54, 55], and was recently suggested as an effi-
cient approach of addressing missingness in trial-based 
studies evaluating costs and effectiveness measures, 
including QALYs [56]. Given the missingness in vari-
ables of interest on both sides of our empirical model, 
the multiple imputation by chained equations (MICE) 
approach was used to generate the final analytic data-
set for each regression. MICE is a commonly-used, 
robust missing data technique which involves imputing 
missing information via sequential regressions where 
observed values for each variable with missingness are 
regressed on other variables in the model, and missing 
observations are replaced with predicted values from 
the regression [52, 53, 57]. One cycle is considered 
complete once the process has been repeated for each 
variable with missingness. This process is repeated for 
a pre-defined number of cycles, resulting in that num-
ber of “complete” datasets, the results of which are 
then pooled to create a final analytic dataset [52, 54]. 
Further detail on the missing data mechanism, imputa-
tion procedure, and model validation is provided in the 
Supplemental Statistical Appendix.

Results
Sociodemographic characteristics
Summary statistics of baseline participant characteris-
tics are displayed in Table 1. Participants were 62% non-
Hispanic White/Caucasian, 20% non-Hispanic Black/
African American, and 16% Hispanic (Puerto Rican). 
On average, the participant population was 38  years 
old, with 79% having completed high school, 78% hav-
ing health insurance, 13% being married, and 63% hav-
ing a history of injection drug use. The average number 
of months spent incarcerated over the participant’s life 
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was 53 (with 24% of responses censored at 99), includ-
ing 27 days in the prior 30.

Significance between HRQOL domains and predictor 
variables
Table 2 displays the results of the multivariable regres-
sions. The ASI psychiatric composite score was nega-
tively associated with the mobility (OR = 0.68; p = 0.05) 
and anxiety/depression (OR = 0.52; p < 0.001) domains 
of the EQ-5D. As prior noted, ASI composite scores 
range from 0–1, 1 being most severe; thus, for ease 
of interpretation, we converted the odds ratios (ORs) 
to align with a 0.1 unit increase in the composite 
score. Therefore, a 0.1 unit increase in the psychiatric 

composite score was associated with a 32% decrease in 
the odds of improved mobility, and an 48% decrease in 
the odds of improved anxiety/depression.

Pain/discomfort was significantly associated with ASI 
medical (OR = 0.77; p < 0.001), ASI psychiatric (OR = 0.69; 
p < 0.001), and health insurance (OR = 0.24; p = 0.04). 
Specifically, a 1/10th of a unit increase in the ASI medi-
cal and psychiatric composite score was associated with 
a 23% and 31% decrease in the odds of improved pain/
discomfort, respectively. Having health insurance was 
associated with a 76% decrease in the odds of experienc-
ing improved pain/discomfort (p = 0.04). The relationship 
between health insurance and pain/discomfort was then 
further explored by regressing several potentially-explan-
atory variables (prescribed medication regularly; both-
ered by medical problems; hospital admission; medical 
office visit; and days experienced medical problems) on 
health insurance via both logistic regression and ordinary 
least squares (OLS), with standard errors clustered at the 
participant level. Logistic regression was conducted for 
the categorical variables (prescribed medication regu-
larly; bothered by medical problems; hospital admission; 
medical office visit) and OLS was conducted on the con-
tinuous variable (days experienced medical problems). 
Results (Appendix Table  4) showed that health insur-
ance was significantly associated with regular medica-
tion prescription (OR = 0.49; p = 0.01) hospital admission 
(OR = 0.10; p < 0.001), medical office visit (OR = 0.29; 
p < 0.001), and days experienced medical problems (Coef-
ficient = 4.72; p < 0.001).

The ASI psychiatric composite score was inversely 
related to overall utility (p < 0.001), as measured via the 
EQ-5D, with a 1/10th of a unit increase in the ASI psychi-
atric score being associated with a 0.04 unit decrease in 
utility. Conversely, a 1/10th of a unit increase in the ASI 
family/social relationship composite score was associated 
with a 0.02 unit increase in utility (p = 0.01).

Discussion
Increased psychiatric complications, as measured by 
the ASI, were strongly associated with reduced HRQoL 
scores over the period immediately following incar-
ceration, in all domains explored (mobility, anxiety/
depression, pain/discomfort), as well as a relatively large 
decrease in overall utility. Although the ASI does not 
diagnose psychiatric illness, it does target problematic 
mental health areas in individuals with substance use 
disorder. Other studies have found a similar association 
between HRQoL and mental health among individu-
als with SUD, including OUD, [38, 59, 60, 61] as well as 
associations between mental health disorders and pain 
among individuals with OUD [62, 63]. These results 

Table 1  Baseline Participant Characteristics

a The EQ-5D domain scores (mobility, anxiety/depression, pain/discomfort) 
range from 1–5, with 1 being the worst possible relevant status (e.g., “I am 
unable to walk”) and 5 being the best (e.g., “I have no problems walking”)
b The HRQoL utility score ranges from -0.573 to 1, where 0 is a health-state 
considered comparable to death, 1 implies perfect health, and a negative value 
implies a state perceived to be worse than death
c The ASI composite score variables ranged from 0 to 1, with 0 indicating no 
issues and 1 severe issues in the associated construct
d The lifetime incarceration variable is represented in months

Sociodemographic Characteristic Value (n = 86)

Race, %

 Non-Hispanic White/Caucasian 62%

 Non-Hispanic Black/African American 20%

 Hispanic-Puerto Rican 16%

 Male 73%

 Age, Mean (SD) 38 (8.65)

 High School Completion, % 79%

 Injection Drug Use 63%

 Health Insurance 78%

 Married 13%

 Lifetime Incarcerationd, Mean (SD) 53 (38.5)

 Past 30 Days Incarceration, Mean (SD) 27 (8.45)

 Weeks Abstinent, Mean (SD) 3 (0.11)

EQ-5D Characteristics, Mean (SD) (Min, Max)

 Mobilitya 3.79 (0.62) (1, 4)

 Anxiety/Depressiona 2.74 (1.16) (0, 4)

 Pain/Discomforta 3.27 (1.03) (0, 4)

 HRQoL Utility Scoreb 0.84 (0.20) (-0.073, 1)

ASI Characteristics, Mean (SD) (Min, Max)

 Medicalc 0.14 (0.29) (0, 1)

 Employment/supportc 0.80 (0.21) (0.25, 1)

 Alcoholc 0.10 (0.20) (0, 0.90)

 Drugc 0.41 (0.11) (0.13, 0.72)

 Legalc 0.45 (0.25) (0, 0.88)

 Family/Social Supportc 0.26 (0.28) (0, 0.9)

 Psychiatricc 0.34 (0.23) (0, 0.73)
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are indicative not only of the debilitating effects of 
untreated/undertreated mental health disorders, which 
are highly prevalent among both persons with OUD and 
those engaged in the criminal-legal system, but also the 
need for linkage to community mental health services 
immediately following release from incarceration. In a 
2016 study by Begun et al., approximately 63% and 57% 
of incarcerated individuals anticipated needing some 
sort of substance use and mental health treatment dur-
ing community reentry, respectively, but only 21% and 
15% reported receiving professional help for such ser-
vices within 4 months post-release [64]. According to the 
sequential intercept model (SIM), which describes how 
individuals with mental health and substance use disor-
ders move through the criminal-legal system, steps such 
as pre-release planning, warm hand-offs (i.e., individuals 
who are transported directly to treatment services upon 
release), peer support services, etc., can increase engage-
ment in mental health services, and improve psychi-
atric health [65], which our results suggest may in-turn 
improve quality-of-life.

Increased severity of one’s medical condition was 
associated with a significant reduction in their HRQoL 
within the pain/discomfort domain, and was negatively 
correlated with their overall utility, but just outside of 
the traditional 5% threshold at p = 0.06. Given the high 
prevalence of chronic conditions among persons with 
OUD, particularly among those who are incarcerated, 
the results are not necessarily surprising. This is repre-
sentative of previous literature which has shown that 
OUD is often associated with comorbid medical condi-
tions, including chronic pain [66, 67]. Previous literature 
has also showed chronic conditions are not managed well 
in jail/prison settings [68]. Additionally, state and fed-
eral prisoners have significantly higher prevalence rates 
of ever having chronic diseases compared to the general 
population: hypertension (30.2% vs. 18.1%); diabetes/
high blood sugar (9% vs. 6.5%); heart-related problems 
(9.8% vs. 2.9%); stroke-related problems (1.8% vs. 0.7%); 
and asthma (14.9% vs. 10.2%) [69]. Infectious diseases are 
also more prevalent among incarcerated individuals than 
the general population, with incarcerated Individuals 3 
times more likely to have HIV/AIDS [70].

Additionally, individuals with health insurance were 
more likely to have worse HRQoL in the pain/discomfort 
domain. As this result was not expected, further bivariate 
analyses were conducted to explore the potential causal 
mechanisms (Appendix Table 4). We found that although 
participants with and without health insurance did not 
differ significantly with regard to how much their medi-
cal problems bothered them, those with health insur-
ance experienced 4.5 more days of medical problems 
out of the past 30, on average (p < 0.001); however, those 

with health insurance were less likely to have been pre-
scribed medication on a regular basis (p = 0.01), visited 
a medical office recently (p < 0.001), or been admitted to 
the hospital recently (p < 0.001). The results of the initial 
analysis could potentially be explained by the concept of 
adverse selection in health economics, in which individu-
als who are sicker or pose higher risk to the insurer are 
more likely to have health insurance, whereas healthier 
individuals may not have health insurance because they 
don’t necessarily feel like they need it [71]. This may be 
particularly true of individuals leaving incarceration who 
have the opportunity to immediately (re)enroll in Medic-
aid, regardless of pre-existing conditions [72].

Although not significantly associated with any of the 
individual HRQoL domains, family/social relationship 
issues were associated with slightly higher utility. This 
finding is in contrast to previous studies examining fam-
ily/social relationships and HRQoL, which indicated that 
as family/social relationships improve, HRQoL improves 
as well, including among individuals undergoing treat-
ment for OUD/SUD [59, 73].

The primary strengths of this study were the longitudi-
nal and detailed nature of the data, which allowed us to 
analyze determinants of HRQoL at different time points 
surrounding an individual’s release from incarceration. 
Limitations of this study included the small sample size 
(n = 86), and the extent of missing data for the 12-week 
follow-up period. As discussed in the methods section 
and supplementary appendix, MICE was used to mini-
mize potential bias arising from the missing data, and 
sensitivity analyses were conducted to evaluate alter-
native imputation methods. Furthermore, the racial/
ethnic make-up of the study population was 62% Non-
Hispanic White/Caucasian, 20% Non-Hispanic Black/
African American, and 16% Hispanic-Puerto Rican, 
whereas according to the August 2022 Philadelphia 
Prison Population Report, the racial/ethnic make-up was 
72.4% Black, 17% Latinx, and 9.3% White. This discrep-
ancy likely limits the generalizability of our findings both 
within and outside of the Philadelphia Department of 
Prisons; however, there is little-to-no information regard-
ing the racial/ethnic makeup of the incarcerated popula-
tion with OUD.

Conclusion
Our findings highlight the importance of ensuring indi-
viduals with OUD are linked not only to MOUD, but also 
treatment for their comorbid conditions, particularly 
mental health disorders, upon release from incarcera-
tion. A holistic treatment approach for these individu-
als may be especially beneficial, given the estimated 
additive, independent effects of medical and psychiat-
ric conditions on overall utility, as well as the potential 
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benefits associated with care coordination [72]. To 
our knowledge, this study is the first of its kind to con-
duct an in-depth HRQoL analysis, exploring individual 
HRQoL domains over the period immediately surround-
ing release from incarceration among persons with OUD, 
while controlling for post-release treatment success, as 
well as other important factors associated with recovery 
from addiction and reentry into the community, such 

as employment, family/social relationships, legal issues, 
psychiatric and medical issues, and alcohol/drug use.

Appendix
See Tables 3, 4, 5, 6

Table 3  Sensitivity Analyses

Bolded values denotes statistical significance.

Characteristics MI Mean imputation Case deletion MICE

Odds ratio P-value Odds ratio P-value Odds ratio P-value Odds ratio P-value

Mobility

 ASI Medical 0.718 0.027 0.884 0.123 0.848 0.245 0.857 0.208

 ASI Legal 1.536 0.028 1.122 0.146 1.389 0.052 1.239 0.205

 ASI Psychiatric 0.613 0.022 0.859 0.035 0.547 0.027 0.675 0.047
 Follow-up Visit 0.547 0.393 0.279 0.020 0.107 0.254 0.103 0.135

 Weeks abstinent 1.548 0.176 1.813 0.000 0.572 0.305 0.768 0.513

 Randomization Group 0.194 0.101 0.694 0.364 0.047 0.018 0.097 0.031
Pain/Discomfort

 ASI Medical 0.683 0.000 0.781 0.000 0.767 0.002 0.770 0.003
 ASI Psychiatric 0.741 0.005 0.830 0.011 0.696 0.001 0.690 0.001
 Health Insurance 0.273 0.031 0.371 0.002 0.218 0.047 0.241 0.036
 IDU history 2.683 0.082 2.155 0.067 3.604 0.048 3.094 0.053

 Weeks Abstinent 1.151 0.548 1.333 0.044 0.922 0.826 1.043 0.891

Anxiety/Depression

 ASI Psychiatric 0.553 0.000 0.650 0.000 0.498 0.000 0.521 0.000
 Weeks abstinent 1.384 0.146 1.533 0.003 1.073 0.800 1.014 0.957

 Health Insurance 0.398 0.049 0.503 0.047 0.449 0.156 0.416 0.113

 Randomization Group 2.858 0.018 2.224 0.011 1.582 0.338 1.895 0.174

HRQOL Utility Score

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

 ASI Medical − 0.016 0.028 − 0.008 0.103 − 0.015 0.025 − 0.013 0.064

 ASI Family/Social Relationship 0.018 0.014 0.013 0.009 0.018 0.005 0.019 0.006
 ASI Psychiatric − 0.042 0.000 − 0.028 0.000 − 0.041 0.000 − 0.044 0.000
 Weeks abstinent 0.068 0.001 0.027 0.005 − 0.008 0.592 0.021 0.321

 Health Insurance − 0.045 0.336 − 0.038 0.233 − 0.094 0.020 − 0.066 0.097

 IDU history 0.065 0.210 0.039 0.312 0.097 0.032 0.071 0.100
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