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Abstract

Although opioid agonist therapy (OAT) is associated with positive health outcomes, including 

improved HIV management, long-term retention in OAT remains low among patients with opioid 

use disorder (OUD). Using data from the Veterans Aging Cohort Study (VACS), we identify 

variables independently associated with OAT retention overall and by HIV status. Among 7,334 

patients with OUD, 13.7% initiated OAT, and 27.8% were retained 12-months later. Likelihood 

of initiation and retention did not vary by HIV status. Variables associated with improved 

likelihood of retention included receiving buprenorphine (relative to methadone), receiving both 

buprenorphine and methadone at some point over the 12-month period, or diagnosis of HCV. 

History of homelessness was associated with a lower likelihood of retention. Predictors of 

retention were largely distinct between patients with HIV and patients without HIV. Findings 

highlight the need for clinical, systems, and research initiatives to better understand and improve 

OAT retention.
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INTRODUCTION

Formulations of methadone or buprenorphine—opioid agonist therapy (OAT)—are the 

recommended treatment of opioid use disorder (OUD) (1,2). Retention in OAT is considered 

a crucial indicator of treatment success and is associated with improvements in disease 

outcomes, including hepatitis C (HCV) and HIV, reductions in opioid use, hospital-based 

care, and all-cause and overdose mortality (3–7). This is particularly relevant among people 

with HIV (PWH), who experience a high burden of OUD (8–10), as the health benefits 

of OAT extend to key HIV-related health behaviors and outcomes, including antiretroviral 

initiation and adherence, and improved CD4 lymphocyte counts (11,12). Moreover, OAT 

retention is associated with decreased injection-related HIV risk behaviors and long-term 

virologic success (5,13–14).

While there is no consensus regarding the optimal length of time to remain on OAT, 

like other chronic conditions, research supports longer duration of treatment episodes 

(15). Among patients diagnosed with OUD, negative outcomes frequently resurface upon 

discontinuation, even following lengthy periods of treatment (4,16). Research documenting 

superior outcomes among patients retained in OAT for longer than 12 months, relative to 
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shorter periods, suggests that 12 months may indicate a minimum threshold for quality 

treatment (4,15).

Studies document wide variability in the extent to which patients meet this 12-month 

threshold, as well as differences by medication-type. One systematic review reported rates 

of 12-month retention ranging from 37–91% among randomized controlled trials (n=6), and 

26–85% among non-randomized studies (n=12) (17). The review also found that methadone 

retention was generally superior to buprenorphine retention, with three studies reporting 

greater six-month retention among patients receiving methadone relative to buprenorphine, 

and two studies finding no difference (17). More recently, a systematic review of both 

randomized controlled trials and observational studies reported median 12-month retention 

across studies of 61% (range 20–94%) for methadone (n=24) and 45% (range 12%–62%) for 

buprenorphine (n=6) (18). Both reviews included studies diverse in geographic and clinical 

setting, patient population and treatment approach, which may explain the variance in rates 

of retention identified. However, neither study explicitly addressed the question of why rates 

of retention differed across studies.

Few consistent predictors of OAT retention have been identified. One study, analyzing 

predictors of buprenorphine retention within the US Veterans Health Administration (VHA), 

identified African-American race/ethnicity, medical comorbidity (Charlson Index), and 

emergency department visits in the initial 12 months of treatment as predictive of lower OAT 

retention (19). Another study, examining buprenorphine retention in a large urban safety 

net clinic, found female gender, psychiatric diagnosis and older age were associated with 

higher odds of retention, while unemployment, HCV diagnosis and African-American and 

Hispanic/Latino race/ethnicity were associated with lower odds of retention (20). Despite 

the high burden of OUD among PWH, and the importance of OAT receipt for key health 

outcomes, the association between HIV status and OAT retention remains unknown. PWH 

face high rates of HCV diagnoses and other comorbidities and may interact with the health 

system through infectious disease rather than general medicine clinics. Thus, investigating 

HIV status as a predictor of OAT retention may have important implications for clinical 

practice, as well as more generally for public health knowledge regarding a vulnerable 

population.

In this study, we utilize a large national cohort of PWH and patients without HIV (PWOH) 

to identify predictors of 12-month retention in OAT among patients treated within the 

VHA. Results from this study can be used to identify patients at risk of premature OAT 

discontinuation, and inform clinical interventions intended to support greater retention in 

treatment.

METHODS

Data Source

We used data from the Veterans Aging Cohort Study (VACS) (21), a national cohort of 

VHA patients including PWH (55,984) and 1:2 matched PWOH (116,705) who received 

care within VHA from October 1996-September 2017. PWH and PWOH are matched, along 

age, race, gender, geographic region, and fiscal year of cohort entry. Electronic medical 
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record data is drawn from the Corporate Data Warehouse, which include International 

Classification of Disease (ICD) 9/10 codes, pharmacy and laboratory data, and codes 

representing clinic visits (stop codes). Information regarding HIV infection is determined 

by ICD-9-CM codes 042–044 (AIDS) and V08 (asymptomatic HIV) and ICD-10 codes 

(B20, Z21).

Analytic Sample

From the larger cohort, we first identified patients with a new OUD-related behavioral 

treatment encounter from 10/2008–09/2016. We selected 2008 as the starting date for 

this study as it closely follows widespread operational efforts to expand veteran access 

to buprenorphine for the treatment of OUD (22). We used 9/2016 as the encounter end-date 

to allow for one full year of observation (up to 9/2017) following the initial encounter. 

All data were extracted from the VHA Corporate Data Warehouse. Patients were eligible 

for inclusion if they had at least 12 months of observation time within the VHA system 

preceding their initial OUD treatment episode. New OUD diagnosis was defined as absence 

of any past year OUD treatment or diagnosis, while new OUD treatment episodes were 

defined by the presence of inpatient or outpatient encounters documenting a primary or 

secondary diagnosis of opioid abuse or dependence (ICD-9-CM codes 304.0x, 305.5x and 

304.7x; ICD-10 codes F11.1x and F11.2x) and either a substance use disorder (SUD) 

treatment specialty code (inpatient or outpatient), mental health procedure code or outpatient 

current procedural terminology (CPT) code (23). From this sample, we then identified 

patients who initiated OAT within one year of their initial OUD-related behavioral treatment 

encounter. The study protocol was approved by the Institutional Review Boards of the 

University of Pittsburgh, VA Pittsburgh Healthcare System and VA Connecticut Health 

System.

Measures

Retention—We examined 12-month retention in any OAT (methadone or buprenorphine), 

methadone alone, and buprenorphine alone. Methadone OAT receipt was identified 

by patient visits to VHA opioid treatment programs (OTPs) through stop code 523 

designations. VHA data do not capture outpatient methadone dispensation, only patient 

visits to an OTP, which is a limitation of the data. Inpatient methadone prescriptions 

were counted towards retention if patients had initiated methadone within an OTP prior 

to hospitalization. We classified patients as retained on methadone if they had an OTP 

encounter recorded 4+ times/month in the first month of treatment and 1+ visits/month in 

months 2–12. While less frequent than called for by federal attendance requirements (24), 

VHA data record all OTP visits consisting solely of methadone dispensation as a single 

weekly encounter. For a visual display of the four most common patterns of OTP visits we 

identified through trajectory analysis, see Appendix 1. Buprenorphine OAT was defined by 

prescription dispensation determined through VHA Pharmacy Benefits Management records 

of any formulations of buprenorphine or buprenorphine/naloxone indicated for treatment 

of OUD; formulations of buprenorphine with a primary indication for pain were excluded. 

To identify buprenorphine retention, we classified patients who had ≥80% of days covered 

over the period of interest as retained (25,26). Patients were required to have buprenorphine 
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prescription coverage for 28+ days in their first month of treatment, 170 days in the first six 

months of treatment, and 292 days over 12 months to be considered retained.

To construct our primary outcome of retention in any OAT, we included patients retained 

under both the methadone only and buprenorphine only retention definitions, as well as 

patients who met either medication-specific retention definitions but had switched between 

medications over the course of their treatment. However, patients who switched between 

medications but did not meet either medication-specific retention criteria were not counted 

as retained.

Covariates

We incorporated individual-level variables commonly associated with OUD and SUD 

treatment outcomes in prior literature including age, gender, race/ethnicity, HIV-status, 

HCV-status (identified by positive HCV viral load, positive antibody test, or clinical 

diagnosis as based on ICD-9/10 codes), urban versus rural residence (defined by rural 

urban commuting area (RUCA) codes), alcohol related diagnosis (ICD-9 diagnostic codes 

303.01–303.03, 303.90–303.93, 305.01–305.03); non-SUD mental health diagnoses (major 

depression, anxiety, bipolar disorder, post-traumatic stress disorder, schizophrenia) by ICD-9 

codes, year of OAT initiation (<2011 vs. ≥2011) and history of homelessness (ICD-9 

code V60.0) (27,28). In analyses utilizing just the PWH sample, we included CD4 count 

and receipt of ART; HIV was stratified by detectable (VL>=500 copies/mL) versus non-

detectable viral load (VL<500 copies/mL). Values closest to the date of the OUD behavioral 

treatment index visit were used for analysis (up to one year prior).

Analysis

We used chi-square and t-tests to compare differences in socio-demographic and clinical 

characteristics between PWH and PWOH and between those who were and were not 

retained in OAT at 12-months. Variables that were significantly (p <0.05) associated with 

retention in the univariate analyses were included in the multivariable logistic regression 

models. Model outcomes included 12-month retention in any OAT, methadone only, and 

buprenorphine only using our primary retention definitions. Models were run overall and 

stratified by HIV status. We reported the adjusted odds ratios with 95% confidence intervals.

As secondary outcomes, we examined retention in any OAT, methadone only, and 

buprenorphine only at one and six months to investigate the potential for differences in 

predictors of OAT discontinuation earlier in the treatment period. Analyses were conducted 

on the full sample and stratified by HIV. Stata version 14 was used to conduct all analyses 

(29).

RESULTS

Participants

Between the period 10/2008 and 9/2016, we identified 2,523 PWH and 4,811 PWOH who 

had a new OUD behavioral treatment episode and 12 months of follow-up data. Of these, 

we identified 356 PWH and 647 PWOH who initiated OAT within the following 12 months, 
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representing 13.7% of eligible patients (14.1% for PWH and 13.5% for PWOH; z=0.61, 

p=0.43). Of patients who initiated OAT, 57.6% initiated methadone and 42.4% initiated 

buprenorphine. Of patients who initiated methadone, 6.3% later switched to buprenorphine. 

Of those who initiated buprenorphine, 6.7% later switched to methadone.

Bivariate comparisons

Although PWH were older on average than PWOH (55.6 versus 53.8, t=−3.50, p<0.001), 

no other socio-demographic characteristics differed significantly between PWH and PWOH 

(Table I). Overall, 59% of the sample were African-American, 30% were white, 98% were 

male, 86% were living in urban areas, and 61% had a history of homelessness. PWH were 

more likely to be diagnosed with HCV relative to PWOH (76.4% vs 53.2%, χ2=52.32, 

p<0.001), and PWH were less likely to have a mental health comorbidity relative to PWOH 

(33.2 % versus 41.9%, χ2=7.39, p=0.01).

Among patients who initiated any OAT, 27.8% were retained for 12 months (29.8% for 

PWH and 26.7% for PWOH), and likelihood of retention did not vary by HIV status 

(χ2=1.05, p=0.30). (Table II) Likewise, year of initiation did not affect likelihood of 

retention (28.4% for 2008–2010 and 27.3% for 2011–2016; χ2=0.15, p=0.70). The 12-

month retention rate was 31.2% among those initiated on buprenorphine and 20.3% among 

those initiated on methadone. Likelihood of retention did not differ by HIV status for either 

methadone (χ2=1.90, p= 0.17) or buprenorphine (χ2=0.30, p= 0.58). We then identified 

12-month retention among patients who had received a combination of methadone and 

buprenorphine at some point over the year (these patients were included in prior retention 

numbers based on the medication that they had initiated). Of these patients, 35.6% were 

retained at 12 months. (See Table II for rates of retention at one and six months.)

To rule out the possibility that buprenorphine initiated within an OTP may explain the 

observed low rate of methadone retention, we excluded patients with a visit to an OTP 

who had received buprenorphine at any point, and found similarly low rates of methadone 

retention.

Multivariable analyses for one-year retention in OAT– full sample

Adjusted analyses utilizing the full sample revealed that, relative to receiving methadone 

alone, receiving buprenorphine (adjusted odds ratio [aOR] =1.42; 95% CI: 1.02–1.98), or 

receiving both methadone and buprenorphine at some point during the year (aOR=1.85; 

95% CI 1.24–2.76) was associated with a higher likelihood of 12-month retention (Table 

III). Patients with a diagnosis of HCV were also more likely to be retained (aOR = 1.47; 

95% CI 1.06–2.03). In contrast, history of homelessness (aOR=0.49; 95% CI 0.36–0.66) was 

associated with a lower likelihood of 12-month retention.

In models stratified by HIV status, some notable differences emerged. Among PWH, only 

HCV diagnosis remained significantly associated with retention. Receiving buprenorphine, 

or a combination of buprenorphine and methadone, and history of homelessness were not 

significantly associated with retention in the PWH only model. Among PWOH, receiving 

buprenorphine-relative to methadone alone-was not significantly associated with retention, 

nor was HCV diagnosis.
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Buprenorphine Retention

Among all patients who filled prescriptions for buprenorphine (n=488), only history of 

homelessness (aOR=0.50; 95% CI 0.33–0.77), was associated with a decreased likelihood 

of 12-month retention. (Table IV). Among PWH, rurality was positively associated with 

retention (aOR=1.15; 95% CI 1.00–1.33), but history of homelessness was not. Akin to the 

main model, among PWOH only homelessness was associated with a lower likelihood of 

retention (aOR=0.33; 95% CI 0.19–0.57).

Methadone Retention

Among all patients with methadone visits to an OTP (n=675), diagnosis of HCV (aOR=1.58; 

95% CI 1.01–2.48) was associated with a higher likelihood of 12-month retention, while 

mental health diagnosis (aOR=0.61; 95% CI 0.38– 0.96) and history of homelessness 

(aOR=0.53; 95% CI 0.35–0.79) were associated with a lower likelihood of retention. 

(Table V). Among PWH, only Latino/other race/ethnicity was associated with a lower 

likelihood of retention (aOR=0.21; 95% CI 0.05– 0.83). Among PWOH, those with a mental 

health diagnosis, (aOR=0.38; 95% CI 0.20–0.70), and those with a history of homelessness 

(aOR=0.45; 95% CI 0.26–0.76) were less likely to be retained at 12 months.

Secondary outcomes: Multivariate retention in OAT, methadone only and buprenorphine 
only at one and six months, overall and by HIV status

In analyses examining predictors of one and six-month retention, there were a few notable 

differences from the primary models. Those of African-American race/ethnicity were less 

likely to be retained in several specifications - e.g., retention in any OAT at six months 

among the full sample, (aOR=0.67; 95% CI 0.49–0.92) and PWOH, (aOR=0.63; 95% CI 

0.43–0.94), as well as buprenorphine retention at six months, (aOR=0.56; 95% CI 0.37–

0.84), and one month, (aOR=0.51; 95% CI 0.32–0.81). HCV diagnosis was positively 

associated with retention in any OAT among PWOH at one month (aOR=2.07; 95% CI 

1.43–3.00), and six months, (aOR=1.52; 95% CI 1.07–2.16) and retention in methadone 

among PWOH at one month, (aOR=2.18; 95% CI 1.43–3.31) and six months, (aOR=1.76; 

95% CI 1.11–2.80). Unlike the 12-month retention model, receiving buprenorphine, relative 

to methadone, was predictive of retention on any OAT among PWOH at one month, 

(aOR=2.48; 95% CI 1.64–3.73) and six months, (aOR=1.72; 95% CI 1.17–2.52), as well 

as PWH at one month, (aOR=2.91; 95% CI 1.71–4.95) and six months, (aOR=2.17; 95% CI 

1.31–3.61). Receiving a combination of methadone and buprenorphine was also predictive 

of retention on any OAT among PWH at one month, (aOR=10.39; 95% CI 4.11–26.24) and 

six months, (aOR=3.66; 95% CI 1.90–7.05).

DISCUSSION

We identified low rates of initiation and 12-month retention in OAT among PWH and 

PWOH, with no difference in the likelihood of retention by HIV status. Less than 14% 

of patients with OUD initiated OAT, six months following initiation less than half were 

retained, and by 12 months just 28% were retained. In models utilizing the full sample, 

retention was higher among patients initiating buprenorphine relative to methadone, as 

well as among patients who had received a combination of methadone and buprenorphine 
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sequentially. HCV diagnosis also predicted higher likelihood of retention, while history 

of homelessness was associated with a lower likelihood retention. Akin to prior research, 

our primary models identified relatively few individual characteristics predictive of OAT 

retention (19). It should be noted, however, that, consistent with some prior research, some 

secondary model specifications revealed lower odds of retention among African-American 

patients, suggesting the need for further efforts to reduce disparities in OAT retention (30). 

Future research may yield greater insights if analyses distinguish between patients whose 

OAT discontinuation reflects a decision made by the clinician versus those whose decision 

to discontinue was made by the patient, as grouping these distinct populations together may 

obscure important differences in predictors.

Although rates of retention did not vary by HIV status, stratified analyses revealed that 

predictors of retention were largely distinct for PWH and PWOH. Specifically, history of 

homelessness was negatively associated with retention among PWOH, but not PWH, while 

HCV diagnosis was positively associated with retention among PWH, but not PWOH. 

Further, among PWOH, receiving a combination of buprenorphine and methadone was 

associated with an increased likelihood of retention, but receiving buprenorphine alone was 

not, while among PWH there were no differences in retention associated with type of 

medication received.

While the rates of retention we identify through 2017 are relatively low, and similar 

between those who initiated treatment between 2008–2010 and 2011–2016, VHA has 

undertaken multiple national initiatives to expand OAT treatment accessibility since 2018 

(e.g., expanding access to SUD treatment through telemedicine; initiatives to improve 

access to MOUD through primary care, mental health, and pain clinics) (31–32). Thus, 

we would expect to see higher rates of OAT retention moving forward, although this requires 

confirmation in future research.

Distinctions in predictors identified between PWH and PWOH suggest differences in care 

delivery and/or services available to PWOH and PWH within VHA. For instance, robust 

staffing models within VHA Infectious Disease clinics, which typically include social 

workers and case managers, may help facilitate connections to supportive housing services, 

which allow for stability and retention in OAT (33). This aligns with research that has shown 

HIV positive status to be negatively associated with homelessness among patients in VHA 

care (34). It may also be the case that PWH simply have more clinical encounters than do 

PWOH, which could allow for greater opportunities to connect with needed services. The 

positive association between HCV diagnosis and retention among PWH, but not PWOH, 

suggest that VHA’s recent extensive efforts to engage patients with HCV in treatment with 

direct-acting antivirals via expanded funding, patient outreach, and system redesign (35) 

may have specifically targeted infectious disease clinics where PWH frequently receive care 

and/or may have prioritized PWH. If confirmed by future research, these findings suggest 

that staffing models and support services provided by VHA to PWH within HIV Clinics are 

having important positive effects for health and may prove beneficial if expanded to PWOH, 

as well as patient in other healthcare organizations. Distinctions in the association between 

medication type by HIV status are surprising but may reflect small sample size rather than 

true differences. Secondary analyses support this interpretation, showing improved rates of 
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retention at one and six months among both PWH and PWOH for both buprenorphine and 

the medication combination relative to methadone alone.

Patient retention identified in our analysis differs substantially from the 61.6% of VHA 

patients retained on buprenorphine reported by Manhapra et al (2017) (19). This is likely 

explained by differences in the patient populations examined (all VHA patients diagnosed 

with OUD as opposed to the more vulnerable, HIV infected and uninfected patients 

composing the VACS cohort), as well as divergent methodologies utilized. Our analysis 

identified continuous retention in buprenorphine using a more restrictive days-covered 

standard, while Manhapra calculated retention as the number of days between first and 

last buprenorphine prescription, which may have masked cycles in and out of care.

The fact that retention was higher among those receiving buprenorphine compared to 

those receiving methadone was surprising, given past research finding the opposite (36–

37). It is possible that our results reflect changes in clinical practice from earlier eras of 

buprenorphine treatment (e.g., the use of higher and flexible doses of buprenorphine) and/or 

patient characteristics (e.g., increased frequency of OUD developing following exposure to 

prescribed opioids) that may have increased average retention in buprenorphine relative to 

methadone treatment over time. For instance, although medication choice reflects patient 

and provider preference, VHA utilizes a stepped-care approach to OUD treatment, wherein 

patients with mild to moderate OUD are generally prescribed buprenorphine, while patients 

with moderate to severe OUD, who have not been successful on buprenorphine and require 

a higher intensity of treatment, could be assigned to an opioid treatment program and 

dispensed methadone (32). Despite these potential differences in medication use associated 

with patient characteristics, within a given VHA facility, PWH will have the same access 

to specific OAT medications as PWOH. Alternatively, it could be that there is something 

distinct about the VHA context that explains this result. In analyses comparing retention 

of buprenorphine relative to methadone among VHA patients, one study found that new 

episodes of buprenorphine were associated with 37% decreased risk of ending relative 

to new episodes of methadone treatment (38). The author suggests that this may reflect 

unmeasured characteristics (e.g., disease severity) of patients referred to methadone relative 

to buprenorphine treatment, if such characteristics are negatively associated with retention. 

Alternatively, it is possible that the low rate of methadone retention we observe reflects 

patient transfer to non-VHA methadone programs, although clinical experience suggests that 

this is not common. As much of the drop-out in methadone treatment occurred in the first 

month following initiation, VHA OTPs should examine the barriers to retention patients 

experience in this first month of treatment and consider strategies to better engage new 

patients in care.

It was also notable that sequentially receiving a combination of methadone and 

buprenorphine at some point, compared to methadone alone, was associated with improved 

retention not just at 12 months, but six and one months as well. This suggests that shifting 

between medications to address patients’ changing needs and preferences could help retain 

patients in treatment over time. It also supports a stepped care approach to OUD treatment 

that allows patients to move between treatment settings if indicated (32).
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LIMITATIONS

Out study has several limitations. First, our definitions of retention may not capture all 

patients retained in OAT. For instance, patients who switched between buprenorphine and 

methadone across the time period of our study but did not meet either medication-specific 

retention criteria were not counted as retained, although they may have been receiving 

continuous treatment were the periods covered by both medications combined. Second, 

our definition of retention in methadone treatment may not accurately capture all patients 

who received continuous methadone treatment over time, potentially over or under-counting 

patients. Third, given that we are only able to identify methadone dosing via clinic stop 

codes and inpatient receipt, it is possible that patients classified as initiating methadone 

may in fact have initiated buprenorphine within the OTP. However, excluding these patients 

from our analysis did not substantively change the results. It is also possible that patients 

with recorded visits to an OTP may never have initiated OAT. Fourth, our data may not 

capture all OAT treatments received outside of the VHA context. Fifth, patients receiving 

extended-release injectable naltrexone (XRN) were not included in these analyses although, 

across the period of the study, XRN was rarely used as an OUD treatment within VHA 

(22). Sixth, our sample was composed of patients with both an OUD diagnosis as well 

as a documented treatment encounter in either an SUD specialty, mental health or other 

outpatient setting. Patients who received OAT treatment in other settings may have been 

excluded from our sample. However, the large majority of buprenorphine prescribing within 

VHA during the study period occurred within specialty SUD and mental health settings, 

and an initial behavioral health treatment visit would have generally occurred regardless of 

treatment setting (39). Finally, it is important to note that, although both based on months 

in treatment, our definitions of retention in methadone and buprenorphine may not be 

strictly comparable, given differences in prescribing/dispensation practices as well as data 

limitations.

CONCLUSION

Among a particularly vulnerable population of veterans receiving VHA care, less than 

30% were retained in OAT at 12 months, regardless of HIV status. This study highlights 

significant challenges in treatment retention among this population and the need for 

further clinical, systems, and research initiatives to better understand and improve treatment 

retention (40).

Acknowledgments:

This work was supported by the National Institute on Alcohol Abuse and Alcoholism (R01 AA022886 (Kraemer) 
and U10 AA013566 (Justice)). Dr. Wyse’s time was supported by Career Development Award 1IK2HX003007 
from the U.S. Department of Veterans Affairs Health Services Research and Development, K12HS026370 from 
the Agency for Healthcare Research and Quality and resources from the VA Health Services Research and 
Development-funded Center to Improve Veteran Involvement in Care at the VA Portland Health Care System (CIN 
13-404). Dr. Korthuis’ time was supported by the National Institutes of Health, National Institute on Drug Abuse 
(UG3DA044831, UG1DA015815). Dr. Edelman’s time was supported by NIDA (R01DA040471). Dr. Crystal’s 
time was supported by NIDA (R01DA047347) and NCATS (UL1TR003017). A prior version of this research was 
presented at the College on Problems of Drug Dependence Annual Meeting, 2020. The authors have no relevant 
financial or non-financial interests to disclose. The content of this article is solely the responsibility of the authors 
and does not represent the official views of the Department of Veterans Affairs or the Agency for Healthcare 
Research and Quality.

Wyse et al. Page 10

AIDS Behav. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Appendix 1.: Four Trajectory Group Model: Patterns of Methadone 

Treatment Over 12 Months

To identify distinctive pattern of methadone treatment over time, as indicated by number of 

visit days (OTP/stop code 523 or inpatient) per month, we utilized group-based trajectory 

modeling. Trajectory modeling sorts each participant’s measurements (number of visits per 

month) into “clusters” and estimates distinct trajectories. The procedure calculates each 

individual’s probability of belonging to each trajectory group and assigns the individual 

to the trajectory with the highest probability of membership. We used months after start 

of treatment as the time scale. We used a normal model and evaluated a 4-trajectory 

group model. With methadone retention defined as 4+ visits/month to an OTP in the first 

month and 1+ visits/month in months 2–12, we calculated 12-month retention within each 

trajectory group as follows: 0% for group 1, 17% for group 2, 7% for group 3, and 75% for 

group 4.
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Table I:

Characteristics of participants with at least one Opioid Use Disorder (OUD) diagnosis who initiated opioid 

agonist treatment for OUD from 2008–2016, stratified by HIV status (N =1,003)

PWH (n =356) PWOH (n =647) t-statistic or χ2 p-value

Age, mean years (SD) 55.6 (6.9) 53.8 (8.3) −3.49 <0.001

Race/Ethnicity, n (%) 2.45 0.49

 White 99 (27.8) 205 (31.7)

 African-American 215 (60.4) 375 (58.0)

 Latino/other 42 (11.8) 67 (10.4)

Male gender 348 (97.8) 638 (98.6) 1.01 0.32

Rurality, n (%) 21 (5.9) 47 (7.3) 3.91 0.14

History of Homelessness, n (%) 226 (63.5) 385 (59.5) 1.53 0.22

Hepatitis C, n (%) 272 (76.4) 344 (53.2) 52.32 <0.001

Any mental health diagnosis, n (%) 118 (33.2) 271 (41.9) 7.39 0.01

Major depression 38 (10.7) 88 (13.6) 1.79 0.18

Anxiety 16 (4.5) 57 (8.8) 6.34 0.01

PTSD 31 (8.7) 85 (13.1) 4.41 0.04

Bipolar disorder 26 (7.3) 61 (9.4) 1.31 0.25

Schizophrenia 11 (3.1) 43 (6.7) 5.70 0.02

Unhealthy alcohol use (AUDIT-C), n (%) 98 (28.2) 178 (28.2) 0.00 0.99

Alcohol related diagnosis, n (%) 111 (31.2) 225 (34.8) 1.33 0.25

Initiated OUD treatment 2011–2016, n (%) 187 (52.5%) 355 (54.9%) 0.51 0.48

Viral load suppressed (<500 copies/mL), n (%) 224 (74.0)

CD4 ≥ 200 cells/mm3, n (%) 248 (82.0)
a -- --

Antiretroviral therapy receipt, n (%) 296 (83.2) -- --

Abbreviations: SD, standard deviation; PTSD, post-traumatic stress disorder; AUDIT-C, Alcohol Use

Disorders Identification Test - Consumption.

All data cells are listed as n (%) except where mean (SD) is indicated.

T-statistic is reported for age; χ2 is reported for all other patient characteristics.

a
52 patients were missing data on this outcome.
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Table II:

Retention of patients in buprenorphine, methadone or any OAT following treatment initiation (n=1,003) 

(2008–2017), stratified by HIV status, bivariate comparisons

Retention in OAT, n (%)

Buprenorphine (n=488) Methadone (n=675) Any OAT (n=1,003)

One month

PWH 120 (71.4) 124 (51.2) 223 (62.6)

PWOH 234 (73.1) 224 (51.7) 425 (65.7)

Total 354 (72.5) 348 (51.6) 648 (64.6)

Six months

PWH 82 (48.8) 74 (30.6) 145 (40.7)

PWOH 153 (47.8) 131 (30.3) 272 (42.0)

Total 235 (48.2) 205 (30.4) 417 (41.6)

12 months

PWH 55 (32.7) 56 (23.1) 106 (29.8)

PWOH 97 (30.3) 81 (18.7) 173 (26.7)

Total 152 (31.2) 137 (20.3) 279 (27.8)

No statistically significant differences were identified.

Patients who switched between methadone and buprenorphine over the course of the year were included in both individual medication retention 
calculations.

Methadone retention is defined as 4+ visits to an OTP in the first month of treatment and 1+ times in months 2–12. Buprenorphine retention is 
defined as buprenorphine prescription coverage for 28+ days in month 1, 170 days in the first six months of treatment, and 292 days over a year, or 
≥80% of days covered. Patients retained under either the methadone only or buprenorphine only retention definitions met our criteria for retention 
in any OAT.
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Table III.

Multivariable logistic regression, predictors of 12-month retention in any OAT, overall and by HIV

Predictors of 12-month retention in OAT

Full Sample PWH PWOH

aOR (95% CI) (n=1003) aOR (95% CI) (n=356) aOR (95% CI) (n=647)

Age at initiation 1.00 (0.98– 1.02) 1.00 (0.96– 1.03) 1.00 (0.98– 1.03)

Race/Ethnicity (ref = white)

 African-American 0.77 (0.54–1.07) 0.66 (0.38–1.16) 0.83 (0.54–1.28)

 Latino/other 0.84 (0.51–1.39) 0.61 (0.27–1.40) 1.02 (0.54–1.93)

Mental health diagnosis (ref = none) 0.81 (0.59–1.11) 1.07 (0.63–1.82) 0.70 (0.47–1.04)

Alcohol related diagnosis 0.86 (0.61–1.20) 0.96 (0.56–1.65) 0.85 (0.55–1.31)

Buprenorphine (ref=methadone) 1.42 (1.02–1.98) 1.48 (0.87–2.51) 1.40 (0.91–2.15)

Buprenorphine and methadone (ref=methadone) 1.85 (1.24–2.76) 1.75 (0.89–3.41) 1.98 (1.19–3.30)

HIV Status 1.10 (0.81–1.49)

 HIV viral load suppressed (ref=detectable) 1.17 (0.65–2.12)

Hepatitis C 1.47 (1.06–2.03) 1.99 (1.08–3.68) 1.31 (0.88–1.94)

Rural location (ref = urban) 1.02 (0.97–1.09) 1.05 (0.96–1.15) 1.03 (0.95–1.12)

History of homelessness 0.49 (0.36–0.66) 0.80 (0.48–1.33) 0.37 (0.25–0.54)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval

Any OAT is defined as either buprenorphine or methadone.
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Table IV.

Predictors of 12-month retention in buprenorphine, full sample and stratified sample

Predictors of 12-month retention in buprenorphine

Full Sample (n=488) PWH (n=168) PWOH (n=320)

aOR (95% CI) aOR (95% CI) aOR (95% CI)

Age at initiation 0.99 (0.97–1.02) 0.98 (0.93–1.03) 1.00 (0.97–1.03)

Race/Ethnicity (ref = white)

 African-American 0.69 (0.44–1.07) 0.49 (0.22–1.11) 0.76 (0.44–1.33)

 Latino/other 1.09 (0.56–2.13) 1.12 (0.36–3.43) 1.10 (0.46–2.62)

Mental health diagnosis (ref = none) 1.17 (0.77–1.78) 1.24 (0.57–2.71) 1.16 (0.69–1.94)

Alcohol related diagnosis 0.97 (0.61–1.54) 1.19 (0.53–2.69) 1.02 (0.56–1.86)

HIV Status 1.20 (0.79–1.84)

 HIV viral load suppressed (ref=detectable) 1.46 (0.57–3.73)

Hepatitis C 1.33 (0.86–2.08) 2.25 (0.96–5.30) 1.08 (0.62–1.88)

Rural location (ref = urban) 1.05 (0.96–1.13) 1.15 (1.00–1.33) 1.01 (0.91–1.13)

History of homelessness 0.50 (0.33–0.77) 1.13 (0.53–2.43) 0.33 (0.19–0.57)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval
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Table V.

Predictors of 12-month retention in methadone, full sample and stratified sample

Predictors of 12-month retention in methadone

Full Sample (n=675) PWH (n=242) PWOH (n=433)

aOR (95% CI) aOR (95% CI) aOR (95% CI)

Age at initiation 1.01 (0.98–1.04) 1.03 (0.98–1.08) 1.01 (0.97–1.04)

Race/Ethnicity (ref = white)

 African-American 0.94 (0.57–1.54) 0.67 (0.31–1.45) 1.22 (0.61–2.41)

 Latino/other 0.71 (0.34–1.49) 0.21 (0.05–0.83) 1.52 (0.59–3.91)

Mental health diagnosis (ref = none) 0.61 (0.38–0.96) 1.23 (0.60–2.51) 0.38 (0.20–0.70)

Alcohol related diagnosis 0.76 (0.48–1.20) 0.72 (0.35–1.46) 0.83 (0.45–1.53)

HIV Status 1.14 (0.75–1.71)

 HIV viral load suppressed (ref=detectable) 0.93 (0.43–2.00)

Hepatitis C 1.58 (1.01–2.48) 1.46 (0.63–3.38) 1.70 (0.98–2.95)

Rural location (ref = urban) 0.99 (0.91–1.08) 0.97 (0.85–1.11) 1.05 (0.94–1.18)

History of homelessness 0.53 (0.35–0.79) 0.68 (0.34–1.33) 0.45 (0.26–0.76)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval
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