Open Forum Infectious Diseases ST
SETDSA (Ve

Infectious Diseases Society of America hiv medicine association

A Systematic Review and Meta-Analysis of Studies
Evaluating the Effect of Medication Treatment for Opioid
Use Disorder on Infectious Disease Outcomes

Katelyn F. McNamara,"“ Breanne E. Biondi,” Raiil U. Hernandez-Ramirez,>* Noor Taweh,>® Alyssa A. Grimshaw,’ and Sandra A. Springer®*

'Stritch School of Medicine, Loyola University Chicago, Maywood, lllinois, USA, Department of Health Law, Policy, and Management, Boston University School of Public Health, Boston,
Massachusetts, USA, *Center for Methods in Implementation and Prevention Science, Department of Biostatistics, Yale School of Public Health, New Haven, Connecticut, USA, *Center for
Interdisciplinary Research on AIDS, Yale School of Public Health, New Haven, Connecticut, USA, *Yale AIDS Program, Department of Internal Medicine, Section of Infectious Diseases, Yale School
of Medicine, New Haven, Connecticut, USA, ®University of Connecticut, Storrs, Connecticut, USA, "Harvey Cushing/John Hay Whitney Medical Library, Yale University, New Haven, Connecticut,
USA

The opioid epidemic has fueled infectious disease epidemics. We determined the impact of medications for opioid use disorder
(MOUD) on treatment outcomes of opioid use disorder (OUD)-associated infectious diseases: antiretroviral therapy (ART)
adherence, human immunodeficiency virus (HIV) viral suppression, hepatitis C virus (HCV) sustained virologic response,
HCV reinfection, new hepatitis B virus infections, and infectious endocarditis-related outcomes. Manuscripts reporting on
these infectious disease outcomes in adults with OUD receiving MOUD compared with those with OUD “not” receiving
MOUD were included. Initial search yielded 8169 papers; 9 were included in the final review. The meta-analysis revealed that
MOUD was associated with greater ART adherence (odds ratio [OR] = 1.55; 95% confidence interval [CI] = 1.12-2.15) and
HIV viral suppression (OR = 2.19; 95% CI = 1.88-2.56). One study suggested a positive association between MOUD and HCV
sustained virologic response. There is significant support for integrating MOUD with HIV treatment to improve viral suppres-
sion among persons with HIV (PWH) and OUD. Treatment of OUD among PWH should be a priority to combat the opioid

and HIV epidemics.
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The increase of opioids prescribed for pain in the 1990s initi-
ated the US opioid epidemic, leading to an increase in persons
diagnosed with opioid use disorder (OUD) [1]. Despite declines
in opioid prescribing rates since 2012, injection of heroin and
the synthetic opioid fentanyl has accelerated across the United
States [1-3]. The Centers for Disease Control and Prevention
(CDC) reported >81000 overdose deaths in May 2020, the
highest number to be recorded in a 12-month period, driven
primarily by injection of synthetic opioids and stimulants [2].
This increase in injection drug use (IDU) of heroin, fentanyl,
and stimulants (methamphetamine and cocaine) [2] com-
bined with restrictions on syringe service programs (SSPs) [4]
has resulted in a surge of infectious diseases, including human
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immunodeficiency virus (HIV), hepatitis C virus (HCV), and
infectious endocarditis [3, 5].

Shared or used injection equipment increases the transmis-
sion of blood-borne viral infections, such as HIV and hepatitis
B and C, and increases the risk of bacterial and fungal infec-
tions that can cause endocarditis [3, 6]. In 2018, 10% of new
HIV diagnoses were attributed to IDU or male-to-male sexual
contact and IDU [6]. In the past decade, viral hepatitis, HIV,
and bacterial and fungal infections due to IDU have increased
[7]. In a 2019 study, infective endocarditis accounted for 14% of
bacterial or fungal infections in persons who inject drugs [8]. In
addition to SSPs that decrease outbreaks of infectious diseases
[4], medication treatments for OUD (MOUD) have also been
identified as avenues of infectious disease harm reduction.

Medication treatment for OUD is the most effective form of
treatment for OUD (eg, buprenorphine [BPN], methadone, and
extended-release naltrexone [XR-NTX]), because they reduce
opioid craving, use, overdoses, and death [1]. However, only
15% of those with OUD receive MOUD [9], despite evidence
that it can lead to reductions in HIV and HCV risk behaviors
and bacterial and fungal infections. Furthermore, few persons
with OUD are offered MOUD with harm reduction strategies
or MOUD with integrated infectious disease treatment [I,
5, 10-13]. Because of this, experts in addiction medicine and
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infectious disease [5, 10-13] recommend integrating MOUD
with infectious disease prevention and treatment services to re-
duce incidence of new HIV, HCV, and other related infections.
Medication treatment for OUD improves adherence to anti-
microbial treatment [5], HIV and HCV treatment, and reduces
HIV risk behaviors [3, 12]. Thus, it is critical to understand the
impact of MOUD on infectious disease-related outcomes.

We conducted a systematic review and meta-analysis to
explore the relationship between MOUD and 4 of the most
prevalent OUD-related infectious diseases that are published
in the literature (HIV, hepatitis C viral infection, hepatitis B
viral infection, and infection-related endocarditis) and their
associated treatment outcomes: antiretroviral therapy (ART)
adherence and HIV viral suppression in persons with HIV
(PWH), sustained virologic response and reinfection in per-
sons with HCV, and new hepatitis B virus (HBV) infections.
For endocarditis, antimicrobial treatment completion, sur-
gery and surgical outcomes, and reinfection were assessed.
This systematic review and meta-analysis seeks to provide
empirical evidence to supplement the expert recommenda-
tions that MOUD integrated with infectious disease pre-
vention and treatment can lead to better infectious disease
outcomes.

METHODS

The Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statements for reporting were used
for this study [14]. The protocol was registered with PROSPERO
before title and abstract review (CRD42020166964).

Data Sources and Searches

A systematic search of the literature was conducted in Cochrane
Library, Google Scholar, Ovid Embase, Ovid Medline, Ovid
PsychInfo, Pubmed, Scopus, and Web of Science Core Collection
databases to find relevant articles published from inception of
database to the date of final searches, June 25, 2020. The search
was peer-reviewed by a second researcher using PRESS (Peer
Review of Electronic Search Strategies) [15]. Databases were
searched using combinations of controlled vocabulary and key-
words for MOUD (buprenorphine, methadone, or extended-
release naltrexone) and HBV, HCV, HIV, or endocarditis.
Details of the full search strategy are in Appendix A.

Study Selection and Inclusion Criteria

All citations were imported into EndNote X9 (Clarivate
Analytics), where duplicates were removed. The deduplicated
results were imported into Covidence [16] for screening and
data extraction. Studies were not limited to English language,
and Google Translate was used in each step to read non-English
texts. At least 2 independent screeners reviewed each study in
title and abstract and full-text screening for inclusion with a
third reviewer to resolve conflicts.

The population studied in this review included patients with
(1) a diagnosis of OUD or opioid dependence and (2) at least 1
of the following infectious diseases: HIV, HCV, HBV, and/or en-
docarditis. Studies had to examine the effect of MOUD on ART
adherence, HIV viral suppression, HCV sustained virologic
response or reinfection, new HBV infection, or antimicrobial
treatment completion, surgical outcomes, and reinfection for
infection-related endocarditis. Studies were excluded if the
population was defined as “PWID” or “IDU,” because several of
these studies included persons who exclusively injected drugs
other than opioids. Studies were excluded if they did not have a
comparison group of persons with OUD not on MOUD. Other
filters included human subjects and subjects 18 years or older.

Data Extraction

At least 2 independent reviewers extracted all study data: pub-
lication year, enrollment period, country, study design, study
method, study population, setting of population, recruitment
methods, number of participants, sex of participants, mean or
median age of participants, duration of participation, and HCV
and/or HIV treatment type, if applicable. Information on (1)
the type, frequency, duration, and compliance of MOUD and
(2) infectious disease outcomes being studied was also ex-
tracted. A third reviewer resolved any discrepancies in the data
extraction.

Risk of Bias

Risk of bias was independently assessed by at least 2 reviewers
who reviewed the methodological quality of the studies in-
cluded using the Newcastle-Ottawa Scale (NOS) [17] for
nonrandomized cohort studies and the Cochrane risk-of-bias
tool (RoB2) [18] for the randomized controlled trial (RCT)
[19]. The NOS is used for nonrandomized studies to assess the
selection of the study groups, comparability of groups, and the
ascertainment of the outcome of interest [17]. The Cochrane
RoB2 includes questions about randomization, deviations from
intended interventions, missing outcome data, measurement of
the outcome, selection of the reported result, and overall bias
[18]. Each domain was assessed as either “high” or “low” bias
per study for each scale.

Meta-Analysis

Meta-analysis was possible for HIV viral suppression and
ART adherence outcomes. Depending on the measure re-
ported, we expressed the measures of the effect of MOUD
on the different outcomes as risk ratios (RRs) or odds ratios
(ORs). For studies that did not report these estimates, we
calculated unadjusted RR/OR and their corresponding 95%
confidence intervals (Cls) based on available data. Using the
METAANAL Macro [20] in SAS 9.4, we used DerSimonian-
Laird [21] random-effects and fixed-effects models to con-
duct meta-analysis and the Q-test to test for heterogeneity.
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To assess publication bias, we conducted funnel plots and
Egger’s and Begg’s tests in Stata/SE 16.1.

Patient Consent Statement

This systematic review and meta-analysis was nonhuman
subjects research. It conforms to the ethical standards currently
applied within the United States.

RESULTS AND FINDINGS

The search resulted in 17 180 articles; after duplicates were
removed, 8169 remained for title/abstract screening, and
364 articles met the criteria and were reviewed in full text
(Figure 1). We included a total of 9 articles in the final re-
view (Table 1).

For the HIV viral suppression outcome, the only outcome
with relatively enough studies available to assess publication
bias, the symmetry of the funnel plot (P for Egger’s test = 0.971
and P for Begg’s test = 0.851) (Supplemental Figure 1), sug-
gested no evidence of publication bias. All of the cohort studies
had good quality as rated by the NOS, and the one RCT was

rated as low risk of bias overall (Supplemental Table 1). Results
between studies were homogenous for the 2 outcomes for which
meta-analysis was possible (Table 2): HIV viral suppression and
ART adherence. This review did not identify any studies of the
effect of MOUD on new HBV infections.

Human Immunodeficiency Virus Viral Load and Viral Suppression

All 5 studies that analyzed the effect of MOUD on HIV viral
suppression reported a significant relationship (Table 1)
[19, 22-25]. Reddon et al [22], Roux et al [23], and Socias
et al [24] reported significant effects of methadone treatment
on viral suppression at 6 months. Both studies by Springer
et al [19, 25] reported viral suppression to be HIV-1 ribo-
nucleic acid (RNA) <50 copies/mL with statistically signifi-
cant improvement with BPN or XR-NTX. Springer et al [25]
found that receiving methadone was not found to be signifi-
cantly associated with achieving maximal viral suppression.
Analyses of viral load values of <400 copies/mL were also
used, and researchers found no significant differences be-
tween the non-BPN/naloxone (NLX) group, the BPN/NLX

Figure 1.
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PRISMA flow chart. MOUD, medication for opioid use disorder; OUD, opioid use disorder.

Medication Treatment of Opioid Addiction Improves HIV Viral Suppression « OFID « 3


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab289#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab289#supplementary-data

"8UOX8J}[BU 9SEB|8I-PapUBIXe ‘X | N-HX ‘Uoissaiddns [eiiA ‘SA ‘esuodsal 21B0J0IIA PBUIRISNS "YAS ‘PIoe dlejonuogu “YNY ‘sBnip 108(ul oym sjdoad ‘QIMd ‘AIH YHm suosiad ‘HANd Heplosip asn pioido ‘gnQ ‘euoxojeu XN ‘euopeyiaw ‘qlin

119pJ0sIp 8sn ploldo Jo) uoledIpaw ‘GNOIA ‘SOSeasIp SNoosLul ‘q| ‘SNIIA Adusioljapounulwl Uewny AlH ‘SniiA O siiiedey ‘ADH ‘Adelayl |eainoaiauinue aAnoe Alybiy ‘| YyH ‘[eAl81ul 9ousplyuod ‘| ‘euiydiousidng ‘Ndg ‘Adelayl [esinoiiaiiiue ‘| Yy :SUoieinalqqy

(610" =d ‘80°C—L0'L = 1D %56 ‘67'L = HO)
LIA UO 10U 8S0Y} YlMm paledulod sousiaype

spioido

Apnmis

|BAIAOJIDIIUE LM paleoosse Ajjuesiyiubls sem gl IA 9oualeype |4y auopeyis|A 8002-9661 Kord BuIsn HAA @AIBU-| Yy H0yoD/l03U0Y 8sen [£Z] |e 18 uuew|yn
‘ANOIA Uo Jou 8soy pue Ndg 1o QLIA uo uolssiwpeal siip
S0y} Usamiag (JNOIN OU Uo QL/i7 SA Ndg 10 QLN -1BOOPUS ‘9SIN0D
uo 91/9) siipieoopusd Jo aposide jeadal 10 (QNOIN [elgoJolwnue
uo 30U 0L/0L SA Ndg 10 QLN uo 9l/¢1) uoneld -SI}pJeoOpUd aulydiousidng SIHpJEOOPUS Apris
-W02 DINOIGIIUE Ul PUNOJ 9OUBIBKIP 1UEIIUBIS ON pala|duwio) pue suopeuyia|N §l0¢—€10¢ 9C Uim pazijendsoy dno 110407)/|01U07) 9sE) [8¢l |e 18 nzng
(291-GL'L =10 '2€¥ = HO) :(%S'8Y
'EE/91) $388M P [N} BY1 U0} Ndg UO psulelsl jou
9J8M OUM 8SO0UL 0 (%9 1S ‘vi/vg) dnoib XN
/Nd8-uou 8u1 1ayie eyl (%128 ZL/vL) SA [ew!
Xew aAsiyoe 0} Ajexl| 810w Ajpuediiubis a1om 14v Apnig
S}08M 7 10} XIN/NJg UO paulelal 81om oym asoy| uolssaiddns [esip suoxojeu/eulydiousidng 0L0Z-S00Z 6 BuiIels HAAd Pel1eIedIedu| 10yoo/j01U0Y 8sen [GZ] |e 18 JobuLds
(v6z =d
SUIUOW 9 1B % /"Of 01 BUI|8SE] 1B %9°GG) 10U pIp XLN-4X
dnolb ogeoe|d eyl seasaym (200" =d) (%9°09) OAI928. 0} POzZILIOP
Syjuoul 9 0} (%E7ZE) duljeseq wody (Jw/seidod -uel aq 0} Buljim pue e11] pa|joAUo)
0G> VNH AIH) SA 03 panoiduwit Ajuediyiubis XIN-4X  uoisseiddns jeuip auoxaujeu-yx G10Z-0L0Z €6 ‘N0 'HA\d paleladiedu) " peziwopuey [61] |e 10 1oBundS
(99'z-67'L = 10
%G6 '66°L = HO) uoissaiddns |elin Buirsiyoe Jo Apnig
sSppo 1ualled paseasoul Ajpuediubis LA uo Buieg uoisselddns [eJIA QUOPBYIBIA ¥102-G10Z /6S HA\d pesodxe-1 4y 110407//013U0D) 9580 [#7Z] |e 18 se100s
(91" =4 '68'€-80=10
%G6] GL'L = Ndg ollel sppo) 1uediiubis 10u sem
SIY} ING ‘GNOIA UO 10U 8SOU1 UBY] SA 9ASIYOE
01 Ajo|l| 810w 81eMm Ndg PaAIadal Oym siual
Bd (10" =d "L96-6€L = 1D %561 99°€ = ALN
0Ol1el SPPO !| = lusuUlleal} ou ol1es sppo) ANON
U0 10U 8SO0U1 UBY] SA 9ABIYOR 0} Ajayl| 810w
Ajpueoiiubis a1em N POAISaI OYM Siuaied @oualaype ANOW Jo} paiedipul
‘JueolIubIS AJ[BOIISIIELS 10U SBAM 9oU8IaypeuoU 14V pue aulydiousaidng pue ‘| YyH Buiaiedss Apnig
pue gNOIA Ul uonuslal usamiaq diysuoneey uolssaiddns |eiIp pue auopeyla|A| 9661-G661L el ‘NAl 40 ynsai e se HANd 110yon/jonuoy) asen) [€2] |e 18 Xnoy
(@NOIN-UouU zg/0z QuoXaIl|eU-HX Syuow € uiyum
‘dNOIA Uo 89/29) ANOIN-UOU SA GNOIN YHM ‘surydiousidng pioido jo uonoalul Apmig
pa1eIdosse Auediiubls 10u Ing "YAS paydeal 00L/z8 dAS ‘suopeyisin 8l0¢-L10¢C 0oL ADH dluoIyd Yum ano 110407/|01U0D) 8sE) [LL]1e 38 |pyiussOy
(100" =d) ALIN INoYuM |4y paquosaid asoyl
Buowle syuawssasse |G0L 40 (% 18°G9) 8L/ YHMm
paledwod SA paAdIyoe LN PuUe |4y Buiaiedal asn ploido Jo Aioisiy Apnig
8S0U} JO slusWISSasse peoj [BJIA 9701 40 (%9'18) 848 uoissaiddns [elip suopeyiaN 800C-9661 801 pue HMd pasodxa- 4y 11040D/|01U07) 8SED [¢2] |e 18 uoppey
9ousIBype | Yy [ewndo Joj Sppo pases.o aulydiousidng AdNOIN paqguoseld Apnig
-Ul P|O}-6Z 7 YLM paleloosse sem NOIN Bulaledosy dduaiaype |4V pue suopeyis|n Gl0z-7102 0cs pue ‘dnNO AlH YUM diMd - Hoyod/jonuo) ased  [9z] [e 18 eAeuyzey
synsey palen|eAs paienieA3 gNON polied JaquinN odA| uonendod ubiseq Apnis J0YINy 18114
awooINQ | Juswijolug Apnig uone[ndod

salpn}g papnjoauj jo Mewuwing

‘L alqeL

4 « OFID o McNamara et al



Table 2. Meta-Analysis Results

Measure of
Outcome and Studies Association Estimate (95% Cl) RE% Weights®
HIV Viral Suppression
Roux et al [23] BPN OR 1.81 (0.82-4.00) 9.41
Roux et al [23] MTD OR 3.91 (1.48-10.33) 6.26
Springer et al [25] OR 1.36 (0.59-3.15) 8.42
Reddon et al [22] OR 2.30 (1.89-2.81)*°
Socias et al [24] OR 1.99 (1.49-2.66) 70.35
Springer et al [19] OR 2.90 (1.04-8.14) 5.56
FE overall (Q = 3.78, P=.580) 2.19 (1.88-2.56)
RE overall 2.19 (1.88-2.56)
FE overall (excluding Reddon et al [22]) (Q = 3.18, P=.527) 2.03 (1.60-2.59)
RE overall (excluding Reddon et al [22]) 2.03 (1.60-2.59)
ART Adherence
Uhlmann et al [27] OR 1.49 (1.07-2.08) 79.58
Mazhnaya et al [26] OR 4.29 (0.87-22.59) 20.43
FE overall (Q = 1.55, P=.212) 1.55 (1.12-2.15)
RE overall 1.85 (0.80-4.26)
HCV Sustained Virologic Response
Rosenthal et al [11] RR 1.46 (1.10-1.93)° NA
Endocarditis (Readmission)
Suzuki et al [28] RR 0.94 (0.35-2.52)° NA
Endocarditis (Antibiotic Completion)
Suzuki et al [28] RR 0.88 (0.73-1.05)° NA

Abbreviations: ART, antiretroviral treatment; BPN, buprenorphine; Cl, confidence interval; FE, fixed effects; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MTD, methadone;

NA, not applicable; OR, odds ratio; RE, random effects; RR, risk ratio.

NOTE: Meta-analysis: estimates and 95% Cls for the associations between medication for opioid use disorder treatment and infectious disease outcomes.

For viral suppression outcome, RE weights are presented after excluding Reddon et al [22].

®Unadjusted estimates and 95% Cl calculated based on information presented in the article.

°Unadjusted estimates and 95% Cl calculated using information from viral load assessments instead of subjects.

group retained for 24 weeks, and the BPN group not retained
for 24 weeks [25]. Reddon et al [22] and Socias et al [24] used
HIV-1 RNA <500 copies/mL as the cutoff for viral suppres-
sion. Roux et al [23] measured viral suppression to be “HIV-1
RNA level below the lower limit of detection of the assay”;
the assay used was not specified.

Springer et al [19] was the only RCT that met all of the in-
clusion criteria for this review. This study reported a significant
increase in viral suppression at 6-month follow-up (60.6%)
compared with baseline (37.9%) for participants randomized
to XR-NTX. The placebo group showed decreased viral sup-
pression levels after 6-months, but this was not statistically
significant (55.6% at baseline and 40.7% at 6 months). The full
24-week retention on BPN/NLX was statistically significantly
associated with participants achieving viral suppression after
being released from prison [19].

Overall, our meta-analysis found that being on MOUD in-
creased the odds of achieving viral suppression (OR = 2.19;
95% CI = 1.88-2.56; Q = 3.78; P =.580) (Table 2). We also
conducted meta-analysis excluding Reddon et al [22] because
their calculated effect estimates were unadjusted and based
on data by HIV-RNA assessments instead of by subjects.

After excluding Reddon et al [22], MOUD use remained sig-
nificantly associated with viral suppression (OR = 2.03; 95%
CI = 1.60-2.59).

Antiretroviral Treatment Adherence
Three studies discussed the effect of MOUD on antiretroviral
treatment (ART) adherence (Table 1) [23, 26, 27]. Although 2
studies demonstrated a positive association between being on
MOUD and adherence to ART [26, 27], 1 study, which did not
report effect estimates, found no significant relationship be-
tween MOUD treatment and adherence to ART [23].
Mazhnaya et al [26] and Uhlmann et al [27] defined being
optimally adherent to ART as taking >95% of prescribed doses,
whereas Roux et al [23] evaluated 100% adherence to ART.
The methods of collecting ART adherence data were also dif-
ferent, although all used validated measures. Mazhnaya et al
[26] and Roux et al [23] used validated self-report question-
naires for adherence over the past 30 days. Uhlmann et al [27]
assessed ART adherence with prescription refill data from the
past 6 months. Our meta-analysis found that being on MOUD
increased the odds of being adherent to ART (OR = 1.55; 95%
CI = 1.12-2.15) (Table 2).
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Hepatitis C Virus Sustained Virologic Response

One study assessed the effects of buprenorphine on
achieving HCV sustained virologic response (Table 1) [11].
Rosenthal et al [11] demonstrated that participants with
HCV and OUD who started and continued buprenorphine
were significantly more likely to achieve sustained virologic
response (measured by HCV RNA level) at 12 weeks (92%)
than those who were never on buprenorphine (64%) and
those who started but stopped buprenorphine (63%). This
remained true even after adjustment for HCV treatment ad-
herence (P = .008) [11].

Infectious Endocarditis Readmission

One study investigated infectious endocarditis readmission
rates or repeat episodes of endocarditis and their associa-
tion with MOUD (Table 1) [28]. Suzuki et al [28] found that
6 (37.5%) of the 16 participants who initiated MOUD at their
initial hospital admission for endocarditis had a repeat episode
within the follow-up period (45 months). This did not signif-
icantly differ from those who declined MOUD during initial
hospitalization and had a repeat episode (4 of 10, 40%). The
groups were defined by who started MOUD during hospitaliza-
tion, but 50% of those who declined MOUD at first admission
were reported to be using MOUD during follow-up, and only
68.8% of those who started with MOUD during hospitalization
continued it during follow-up.

Infectious Endocarditis Antimicrobial Completion

One study evaluated infectious endocarditis antimicrobial com-
pletion (Table 1) [28]. Suzuki et al [28] noted that there was
no significant difference in completion of antimicrobial course
for endocarditis in those on MOUD compared with those not
on MOUD. Of the 16 participants who initiated MOUD at
the index hospitalization, 14 (87%) completed the course of
antimicrobials, whereas all 10 (100%) of the non-MOUD parti-
cipants completed the antimicrobial course. As previously men-
tioned for this study, 50% of the non-MOUD participants were
on MOUD during follow-up, which may have affected these
results.

DISCUSSION

Although opioid-related outcomes of MOUD have been exten-
sively reported as well as the impact of MOUD on HIV risk
behaviors [3, 29], to our knowledge this is the first systematic
review and meta-analysis to empirically analyze the impact of
MOUD on ART adherence, HIV viral suppression, HCV sus-
tained viral response, HCV reinfection, new HBV infection, en-
docarditis treatment completion, and reinfection. Overall, we
found a significant impact of MOUD on HIV viral suppression
as well as ART adherence, which suggests that MOUD increases
the probability of a PWH achieving viral suppression and ART
adherence. Despite our extensive search, we found too few or no

articles to make conclusions on the effect of MOUD on HCV
sustained virologic response, HCV reinfections, new HBV in-
fections, endocarditis antimicrobial completion, or endocar-
ditis readmission rates.

Our results support the importance of integrating HIV and
OUD treatment to increase likelihood of achieving viral sup-
pression. Persons who are actively using drugs are historically
less likely to be adherent to ART, and the incorporation of OUD
treatment in HIV care can be crucial to medication adherence
and thus achieving viral suppression [30]. Given that the most
important goal of HIV treatment is to attain viral suppression for
reduction in individual morbidity and mortality and improve-
ment of public health through reduction in transmission (Und
etectable = Untransmittable, U = U), integration of OUD and
HIV treatment is critical [3, 10, 12, 13]. This systematic review
and meta-analysis adds to the existing compelling evidence that
it is possible and encouraged to address the intersectionality of
the opioid and HIV epidemics. Long-term care strategies and
standardized guidelines have been suggested [3, 5] and should
be used to integrate treatment for OUD and HIV to maximize
treatment success and improve healthcare quality.

Improving ART adherence is a vital step toward combat-
ting the HIV epidemic [3]. Some studies did not meet our el-
igibility criteria for inclusion criteria but presented important
results about the effect of MOUD on ART adherence that are
worth mentioning. Palepu et al [31] demonstrated that meth-
adone maintenance therapy was significantly associated with
>95% ART adherence, but they did not specify whether the
nonmethadone group had OUD. Another study looked at how
differences in methadone dosage affected ART adherence and
found that those taking a higher dose (>100 mg/day) were sig-
nificantly more likely to achieve >95% adherence to ART [32].
Coadministration of ART and MOUD impacts health out-
comes in these vulnerable populations by improving adherence
and viral suppression [32].

Few studies were identified with our search inclusion criteria
to evaluate the impact of MOUD on HCV sustained virologic
response and reinfection. Several studies were not eligible due
to the lack of a control group but demonstrated that sustained
virologic response can be achieved in patients maintained on
MOUD [33, 34]. People with OUD are suitable candidates for
HCV treatment with curative direct-acting antivirals (DAAs)
and demonstrate comparable sustained virologic response
posttreatment to those without OUD [34]. Despite this evi-
dence, few people with OUD and HCV are receiving DAA treat-
ment, in part due to abstinence-based substance use restrictions
for HCV DAA medication according to 2017 Medicaid regula-
tions in several states [35]. Government-funded resources and
standardized care guidelines to integrate HCV and OUD care
could allow for better treatment access [35].

There were no studies identified that evaluated the effect of
MOUD on HCV reinfection. However, some studies did find
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that persons who received MOUD experienced low rates of re-
infection with HCV [36, 37], although these studies were inel-
igible for our review because the population receiving MOUD
was compared with those without OUD or among an entire
study population of those on MOUD. In addition to integration
of MOUD and HCV treatment, increases in SSPs could help to
reduce reinfection rates [35], especially given the increase in in-
jection of stimulants such as methamphetamine and cocaine,
leading to new infectious disease epidemics across the United
States [2]. To address both HCV and OUD, care should be inte-
grated that includes MOUD, DAA, and SSPs [5, 35].

Only 1 article was identified that discussed antimicrobial com-
pletion for infectious endocarditis and rehospitalization out-
comes. We did identify studies that reported promising results
despite not meeting our search criteria. Barocas et al [38] noted
a significant difference in 1-year, all-cause rehospitalization
between persons with endocarditis who received MOUD and
a group who did not receive MOUD. Another study [39] re-
ported that most persons who received buprenorphine and
were hospitalized for an injection-related infection completed
their antimicrobial course (19 of 20, 95%). Suzuki et al [40]
reported no significant difference in 30-day readmission be-
tween those who were on MOUD before and/or during hospital
stay and those who were not. These studies did not limit their
results to endocarditis and thus were excluded. Previous re-
search, as described, suggests that receipt of MOUD can signif-
icantly improve endocarditis-related outcomes. More research
for strategies to engage persons with OUD in MOUD during
endocarditis hospitalization might prevent rehospitalization,
increase antimicrobial completion, improve surgical outcomes,
and reduce mortality.

This review did not identify any studies of the effect of
MOUD on new HBYV infections. Our criterion for new HBV
infection studies included reporting a negative hepatitis B sur-
face antigen (HBsAg) before MOUD initiation and then a new
positive HBsAg after initiating MOUD. To our knowledge, only
1 study presented this data, but there was no control group [41].

Limitations

This review has several strengths including the comprehen-
sive search of multiple databases, the screening of 8169 pa-
pers, and the risk of bias assessments. However, there are
some limitations to this review. First, few studies compared
our desired infectious disease outcomes among persons with
OUD on MOUD compared with those not on MOUD. We
found several articles pertaining to our outcomes in obser-
vational studies in which all participants were on MOUD or
studies that compared those on MOUD with non-OUD popu-
lations. To assure specificity of our results, we excluded ar-
ticles that did not clearly identify their population as having
OUD or opioid dependence. These excluded studies that de-
scribed their population as “PWID” or “IVDU,” which may

have included those who use cocaine or methamphetamine
without any opioid use. These populations would not be an
appropriate non-MOUD control to compare the effect of
being on MOUD on infectious disease outcomes in persons
with OUD, and they would bias our results. Thus, additional
data may exist that are not presented in this review due to our
more specific search criteria. It is notable that persons who
opted out of MOUD likely were very different than those who
chose to use MOUD for their OUD, leading to selection bias
and distortion of true treatment effects. Ideally, more RCTs
should be conducted to address this; however, because MOUD
is the recommended standard of care for treatment of OUD,
it would be unethical to offer a non-MOUD control group.
Furthermore, because of the small sample size, we were un-
able to conduct a meta-analysis on HCV sustained virologic
response and endocarditis-related outcomes. Finally, the
purpose of this review was to determine the effectiveness of
MOUD in general on infectious disease outcomes, not differ-
ences in type of MOUD on these outcomes. Future research
could investigate comparative analyses of these infectious dis-
ease outcomes based on type of MOUD.

CONCLUSIONS

This systematic review found a significant impact of MOUD
on HIV viral suppression and ART adherence. These results
are particularly relevant given the intersecting opioid and HIV
epidemics. There exists compelling evidence that MOUD treat-
ment leads to improved HIV outcomes. Despite the exten-
sive search, this review found too few articles for the effects
of MOUD on HCV sustained virologic response, HBV infec-
tions, endocarditis antimicrobial completion, and endocarditis
readmission rates to yield meaningful results. Some strategies
for incorporation of OUD and infectious disease treatments
include standardized OUD screening protocols in infectious
disease prevention and treatment programs, linkage to or di-
rect integrated provision of MOUD, increased access to SSPs,
and integration of OUD and infectious disease prevention and
treatment training programs for all healthcare students and
providers. Implementation research is needed to evaluate how
to best improve such treatment integration within different
contexts.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.

Supplemental Figure 1. Funnel plots of reviewed studies for the HIV viral
suppression outcome. HIV viral suppression was the only outcome with rel-
atively enough studies available to assess publication bias. Results suggest
no evidence of publication bias. The Funnel plot, Egger’s and Begg’s tests in
Stata/SE 16.1 were used to assess publication bias.

Supplemental Table 1. Risk of bias results.
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