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Association of Opioid Agonist Therapy
With Lower Incidence of Hepatitis C Virus Infection
in Young Adult Injection Drug Users
Judith I. Tsui, MD, MPH; Jennifer L. Evans, MS; Paula J. Lum, MD, MPH; Judith A. Hahn, PhD;
Kimberly Page, PhD, MPH

IMPORTANCE Injection drug use is the primary mode of transmission for hepatitis C virus
(HCV) infection. Prior studies suggest opioid agonist therapy may reduce the incidence of
HCV infection among injection drug users; however, little is known about the effects of this
therapy in younger users.

OBJECTIVE To evaluate whether opioid agonist therapy was associated with a lower incidence
of HCV infection in a cohort of young adult injection drug users.

DESIGN, SETTING, AND PARTICIPANTS Observational cohort study conducted from January 3,
2000, through August 21, 2013, with quarterly interviews and blood sampling. We recruited
young adult (younger than 30 years) injection drug users who were negative for anti-HCV
antibody and/or HCV RNA.

EXPOSURES Substance use treatment within the past 3 months, including non–opioid agonist
forms of treatment, opioid agonist (methadone hydrochloride or buprenorphine
hydrochloride) detoxification or maintenance therapy, or no treatment.

MAIN OUTCOMES AND MEASURES Incident HCV infection documented with a new positive
result for HCV RNA and/or HCV antibodies. Cumulative incidence rates (95% CI) of HCV
infection were calculated assuming a Poisson distribution. Cox proportional hazards
regression models were fit adjusting for age, sex, race, years of injection drug use,
homelessness, and incarceration.

RESULTS Baseline characteristics of the sample (n = 552) included median age of 23
(interquartile range, 20-26) years; 31.9% female; 73.1% white; 39.7% who did not graduate
from high school; and 69.2% who were homeless. During the observation period of 680
person-years, 171 incident cases of HCV infection occurred (incidence rate, 25.1 [95% CI,
21.6-29.2] per 100 person-years). The rate ratio was significantly lower for participants who
reported recent maintenance opioid agonist therapy (0.31 [95% CI, 0.14-0.65]; P = .001) but
not for those who reported recent non–opioid agonist forms of treatment (0.63 [95% CI,
0.37-1.08]; P = .09) or opioid agonist detoxification (1.45 [95% CI, 0.80-2.69]; P = .23). After
adjustment for other covariates, maintenance opioid agonist therapy was associated with
lower relative hazards for acquiring HCV infection over time (adjusted hazard ratio, 0.39
[95% CI, 0.18-0.87]; P = .02).

CONCLUSIONS AND RELEVANCE In this cohort of young adult injection drug users, recent
maintenance opioid agonist therapy was associated with a lower incidence of HCV infection.
Maintenance treatment with methadone or buprenorphine for opioid use disorders may be
an important strategy to prevent the spread of HCV infection among young injection
drug users.
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I njection drug use is the primary mode of transmission for
hepatitis C virus (HCV) infection1,2 and accounts for at least
half of all documented new infections, a figure that is likely

a significant underestimate.1,3,4 Hepatitis C virus infection is
endemic among persons who inject drugs, with most esti-
mates of prevalence ranging from 60% to 90%.5 Although
newer medications for HCV offer the potential for cure with
fewer adverse effects, treatment will come at great financial
cost. Furthermore, major barriers to HCV treatment for injec-
tion drug users exist and will not be easily overcome.6 There-
fore, a critical need for interventions that can prevent new HCV
infections in this group remains. Providing maintenance opi-
oid agonist therapy with methadone hydrochloride or bu-
prenorphine hydrochloride for opioid use disorders is one strat-
egy for reducing injection drug use and the spread of HCV.
Maintenance opioid agonist therapy may facilitate injection
cessation and thus reduce the risk for HCV acquisition7; how-
ever, treatment adherence can fluctuate among users, and not
all treatment programs require complete abstinence. Two stud-
ies, a meta-analysis8 and a pooled analysis study,9 reported re-
duced HCV incidence in association with opioid agonist
therapy, with reductions ranging from 40% to 60%. How-
ever, many of the studies in both analyses8,9 were conducted
in populations of older adults and prisoners; also, most pre-
dated the use of buprenorphine.

Little is known about the effects of opioid agonist therapy
in preventing HCV infection in younger injection drug users
and those treated in the era of buprenorphine. Younger users
are an important population to target because they are at the
core of the HCV epidemic.10-15 Incidence rates are high among
new users, among whom one-quarter are estimated will be-
come infected after 2 years of injection drug use.16 Despite the
fact that younger users are a group at high risk for complica-
tions, such as HCV and human immunodeficiency virus (HIV)
infection, studies suggest that access to treatment for sub-
stance use disorders, especially maintenance methadone
therapy, in young persons is limited.17 However, from 2002 to
2007, total numbers of buprenorphine prescriptions in-
creased from approximately 50 000 to 5.7 million, and young
adults aged 21 to 30 years constituted the age group most fre-
quently receiving prescriptions.18 People seeking opioid ago-
nist therapy for opioid use disorders may prefer treatment with
buprenorphine rather than methadone19 because the former
can be prescribed by nonspecialist physicians in office-based
settings, dispensed by wide networks of community pharma-
cies, and self-administered without daily observed dosing by
treatment program staff. However, with less supervision, pa-
tients receiving buprenorphine also have opportunities to in-
terrupt their treatment to engage in illicit opioid use. For these
reasons, studies that include young injection drug users, es-
pecially those treated with buprenorphine, are needed to de-
termine the current effectiveness of maintenance opioid ago-
nist therapy in reducing new HCV infections in real-world
settings.

The purpose of this study was to assess whether opioid
agonist therapy was associated with a lower incidence of HCV
infection in an observational cohort of young adult injection
drug users in San Francisco. Participants in this prospective

cohort underwent systematic testing for HCV infection and
reported information about substance use treatment every 3
months, which provided a unique opportunity to study the
relationship between opioid agonist therapy and the inci-
dence of HCV infection. We hypothesized that self-reported
treatment with maintenance opioid agonist therapy (metha-
done or buprenorphine) would be associated with a lower
incidence of HCV infection.

Methods
Study Sample and Design
This study analysis used observational data from the UFO
Study, a prospective study of young adult injection drug us-
ers in San Francisco designed to assess factors associated with
incident HCV infection. Details of the study design and meth-
ods have been published previously.7,14 In brief, participants
were eligible if they were younger than 30 years, reported in-
jection drug use in the prior month, spoke English as their pri-
mary language, and, if recruited in 2003 or later, did not plan
to travel outside of San Francisco within the next 3 months be-
cause high rates of travel complicating follow-up were noted
in the early period of recruitment.7 The UFO Study recruited,
screened, and enrolled eligible injection drug users (negative
for HCV antibody [anti-HCV] and/or HCV RNA at baseline
screening) for participation in prospective follow-up during 3
separate waves beginning in January 3, 2000, February 5, 2003,
and May 5, 2010, through August 14, 2013. Intermittent pauses
in enrollment occurred in 2002, 2005, and 2009 owing to fund-
ing lapses. Participants were remunerated for all study visits,
including for screening ($10) and follow-up ($20-$25).

All participants provided written informed consent. The
study prototcol was reviewed and approved by the Commit-
tee on Human Research Institutional Review Board at UCSF.

In all waves, HCV testing and behavioral questionnaires
were administered quarterly among participants seronega-
tive for HCV. The behavioral questionnaire, administered at
quarterly intervals during follow-up, queried participants re-
garding demographic factors, risk exposures (eg, types of drugs
used, frequency of injection, and sharing of injection equip-
ment), and preventive behaviors (eg, use of syringe exchange
programs and condoms). Although some questions were modi-
fied slightly during the different waves, the focus was on quan-
titative assessment of exposures associated with injection drug
use and HCV and HIV infections throughout all study waves.

The study conducted active outreach with participants
using contact information that was updated at each fol-
low-up visit, including telephone, e-mail, social, and familial
contacts as well as street-based neighborhood searches where
participants indicated they usually stayed. Since 2007, the
study followed participants (including collection of serologic
and exposure information) who were incarcerated in the San
Francisco City jail if their stay was longer than 30 days. Fol-
low-up consisted of monthly check-ins and quarterly study vis-
its that included structured interviews and blood testing con-
ducted at a community-based clinical research site located in
the Tenderloin area of San Francisco for the past 9 years (sites
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were located in other neighborhoods, including the Mission,
Polk, and Haight-Ashbury districts before 2005). The study pro-
vided all participants with HIV and HCV prevention counsel-
ing, access to sterile injection equipment, and referrals as
needed or requested for medical care, substance use treat-
ment, and HCV care if new infections were detected. For this
study, the sample was restricted to participants who were nega-
tive for anti-HCV antibody and/or HCV RNA at enrollment and
who had 2 or more study follow-up visits.

Study Outcomes
The primary outcome was incident HCV infection. Incident
HCV infection was defined as (1) a new test result positive for
HCV RNA and/or anti-HCV after a previously documented test
result negative for anti-HCV or (2) a positive HCV RNA test
result concomitant with a negative anti-HCV test result,
which was considered an incident acute HCV infection. Quar-
terly HCV testing included anti-HCV testing by enzyme
immunoassay (HCV EIA 2.0 [Abbott Laboratories] or EIA-3
[Ortho Clinical Diagnostics] and HCV RIBA 3.0 Test System
[Novartis Vaccines & Diagnostics]) and HCV RNA testing using
a transcription-mediated amplification technique (dHCV
transcription-mediated amplification assay component of the
Procleix HIV-1/HCV assay [Gen-Probe Inc]) to detect early
HCV infection.14,20

Study Predictors
The primary predictor of interest was receipt of treatment for
an opioid use disorder based on participant self-report from
quarterly interviews. We categorized recent treatment re-
sponses into no treatment, non–opioid agonist forms of treat-
ment, opioid agonist detoxification, and maintenance opioid
agonist therapy. Non–opioid agonist forms of treatment could
include any non–medication-assisted treatment, such as 12-
step groups, counseling, and alternative treatment (eg, acu-
puncture). Recent opioid agonist therapy included treatment
with buprenorphine or methadone anytime within the past
year at the baseline screening interview, within the past 3
months at quarterly interviews for participants in waves 1 and
3, and within the past week for participants in wave 2 (short-
ened because the study added questions examining very re-
cent behaviors associated with drug treatment program at-
tendance). Participants who reported receiving multiple
categories of treatment were classified hierarchically: if main-
tenance therapy and detoxification were reported, we classi-
fied the participants as receiving maintenance therapy. If de-
toxification and non–opioid agonist forms of treatment were
reported, we classified the participants as receiving detoxifi-
cation. For waves 1 and 3 of the study, participants were asked
specifically about use of opioid agonist therapy for detoxifi-
cation vs maintenance treatment. For wave 2, open-ended re-
sponses describing the type of substance use treatment were
grouped into non–opioid agonist therapy, maintenance opi-
oid agonist therapy, and opioid agonist detoxification; partici-
pants in wave 2 who responded that they were treated with
opioid agonist therapy but did not specify further were la-
beled as receiving maintenance therapy. For this reason (and
for the differing time frame for the question during wave 2),

we conducted additional exploratory analyses restricting data
from waves 1 and 3 only. We adjusted for the following covar-
iates (which were selected a priori) in multivariate models: age
at baseline, sex, nonwhite race, baseline number of years of
injection drug use, homelessness, and incarceration within the
previous 3 months.

Statistical Analysis
Baseline characteristics of the sample were assessed using
simple tabulations and calculation of measures of central ten-
dency (means and medians) and statistical dispersion (SD and
interquartile range [IQR]). Cumulative incidence rates of HCV
infection by treatment status (no treatment, non–opioid ago-
nist forms of treatment, opioid agonist detoxification, and
maintenance opioid agonist therapy) were calculated using per-
son-years of observation, and 95% CIs for the rates were cal-
culated assuming a Poisson distribution. Treatment reported
at the time of the last blood test result negative for HCV was
used for participants who did not undergo seroconversion;
treatment reported at the time of the first blood test result posi-
tive for HCV was used for participants who underwent sero-
conversion. Occurrence dates of infection were imputed as the
midpoint of the interval between the dates of the last ob-
served HCV-negative test result and the first HCV RNA–
positive test result or the first anti-HCV–positive test result (with
or without concurrent HCV RNA detection). For 88 of 171 in-
cident infections, HCV RNA was detected in the acute win-
dow before antibody seroconversion. For these cases, the date
of infection was 30 days before the first positive transcription-
mediated amplification test result. This date is used because
the period in which HCV RNA but not anti-HCV is detectable
is, on average, 60 days.20,21

Survival time was the time from study enrollment to date
of HCV infection. Participants entered into the analysis at the
baseline visit and remained until the date of HCV infection or
were censored at August 21, 2013, or the last interview date.
Censoring at the last visit could occur for various reasons, in-
cluding loss to or unavailability for follow-up and death. Cox
proportional hazards regression models were fit to evaluate the
association between treatment category and incident HCV in-
fection, adjusting for potential confounders (age, sex, non-
white race, number of years of injection drug use, homeless-
ness, and incarceration). Treatment, homelessness, and
incarceration were treated as time-varying covariates in the Cox
models. We performed multiple imputation with chained equa-
tions to impute the values of predictors for visits when only
laboratory testing data and not behavioral data were col-
lected. Imputed values were obtained for a total of 11 obser-
vations, including 4 regular quarterly interviews and 7 in-
terim visits. Additional exploratory analyses adjusted for the
number of days of injection drug use in the past month to as-
sess whether frequency of injection might be a potential me-
diator of relationships between opioid agonist therapy and HCV
incidence and for use of needle-syringe exchange programs in
the past month. Adjusted hazard ratios (AHRs) and 95% CIs are
reported. Spearman correlations were used to evaluate poten-
tial collinearity between independent variables and covari-
ates. All analyses were conducted using 2-sided tests and a sig-
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nificance level of .05. Cox models were checked for violation
of the proportional hazards assumption by assessing scaled
Schoenfeld residuals22 and log-minus-log survival plots for pat-
terns of nonproportionality. Sensitivity analyses were con-
ducted restricting analysis to data from waves 1 and 3 be-
cause the questionnaire format differed slightly in wave 2. All
analyses were conducted with commercially available soft-
ware (STATA, version 11.2; StataCorp).

Results
From January 3, 2000, through August 21, 2013, a total of 1548
participants underwent screening, 992 (64.1%) met eligibility
criteria, 721 (72.7%) were enrolled, and 552 (76.6%) were fol-
lowed up (≥2 visits) (Figure). Participants who were enrolled
and followed up compared with participants who were lost to
or unavailable for follow-up did not differ in terms of sex, race/
ethnicity, years of education, or years of injection drug use.
Compared with enrolled participants who were lost to follow-
up, enrolled participants who were followed up were older (me-
dian age, 23 vs 22 years; P = .003), more likely to use injection
drugs every day in the past month (33.3% vs 20.2%; P = .001),
more likely to use noninjection methamphetamine (64.5% vs
53.0%; P = .007), more likely to have been in substance use
treatment (17.6% vs 10.4.%; P = .02), more likely to have re-
ceived mental health counseling in the past 3 months (25.5%
vs 15.8%; P = .009), and less likely to have been incarcerated
in the past 3 months (27.1% vs 38.4%; P = .006). Characteris-
tics of the sample (n = 552) at study enrollment are shown in
Table 1. The median age was 23 (IQR, 20-26) years, 73.1% of par-
ticipants were white, 68.1% were men, 39.7% reported they did
not graduate from high school, and 69.2% were homeless or
unstably housed in the past 3 months. The median duration
of injection drug use was 3.6 (IQR, 1.5-6.6) years, 33.3% of par-
ticipants were daily users, and most (59.8%) reported heroin
as the drug they had used most often in the past month. Most
participants (82.4%) reported no substance use treatment in
the prior year, and 4.2% reported recent maintenance opioid
agonist treatment in the prior year.

The study observation period totaled 680 person-years,
during which 171 incident cases of HCV infection occurred for
an estimated incidence rate of 25.1 (95% CI, 21.6-29.2) per 100
person-years. Participants completed a median of 3 behav-
ioral interviews (IQR, 2-5), and the median interval between
interviews was 93 (IQR, 56-131) days. Participants who re-
ported maintenance opioid agonist therapy in the past 3
months had a lower incidence of HCV infection compared with
those who reported no treatment in the past 3 months (Table 2).
The rate ratio was significantly lower for participants who re-
ported recent maintenance opioid agonist therapy (0.31 [95%
CI, 0.14-0.65]; P = .001) but not for those who reported non–
opioid agonist forms of treatment (0.63 [95% CI, 0.37-1.08];
P = .09) or opioid agonist detoxification (1.45 [95% CI, 0.80-
2.69]; P = .23) compared with no treatment. Cox proportional
hazards regression models adjusted for age, sex, race/
ethnicity, years of injection drug use, recent incarceration, and
homelessness demonstrated that maintenance opioid ago-

nist therapy was independently associated with significantly
lower relative hazards for becoming infected with HCV over
time (AHR, 0.39 [95% CI, 0.18-0.87]; P = .02) (Table 3). A model
fit to examine mediation with adjustment for frequency of in-
jection drug use (number of days of use in the past month)
showed that the association became attenuated (AHR, 0.59
[95% CI, 0.27-1.26]). On the other hand, adjustment for use of
needle-syringe exchange program had no substantive influ-
ence on the maintenance opioid agonist therapy effect (AHR,
0.39 [95% CI, 0.18-0.85]).

In the sensitivity analyses restricted to waves 1 and 3 (for
which participants were directly queried about detoxifica-
tion vs maintenance therapy so that no responses of “unspeci-
fied” remained), the results did not differ substantively. Again,
the incidence of HCV infection was lower among participants
who reported recent maintenance opioid agonist therapy com-
pared with those receiving no treatment (rate ratio, 0.37 [95%
CI, 0.14-1.02]; P = .05), but incidence of HCV infection was not

Figure. UFO Study Cohort Participation

Wave 1, January 2000 to June 2002
846 Underwent baseline screeninga

525 Eligibleb

326 Enrolled

238 Attended ≥2
visits of follow-up

Wave 2, February 2003 to September 2008
1140 Recruitedc

380 Underwent baseline screeningd

242 Eligibleb

196 Enrolled

125 Attended ≥2
visits of follow-up

Wave 3, May 2010 to August 2013
990 Recruited
322 Underwent baseline screeningd

225 Eligibleb

199 Enrolled

189 Attended ≥2
visits of follow-up

552 Followed up

Wave 1 eligibility criteria for baseline screening included being younger than
30 years and active injection drug use in the prior month.
a No records were kept of the number of participants recruited for wave 1.
b Eligibility criterion for this analysis included seronegative for hepatitis C virus

at baseline screening.
c The number of participants recruited is an estimate based on records kept

starting in 2006.
d Additional eligibility criterion included no plans to travel in next 3 months.
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lower for those participants who reported recent opioid ago-
nist detoxification (rate ratio, 1.77 [95% CI, 0.95-3.32]; P = .07).

Discussion
In this study of young adult injection drug users, we found that
maintenance opioid agonist therapy (methadone or buprenor-
phine) for opioid use disorders was associated with more than
a 60% reduction in the incidence of HCV infection over time
compared with no treatment. These results are in concor-
dance with prior studies conducted in other populations. A
meta-analysis by Hagan et al,8 which included 8 studies pub-
lished from 1996 to 2009, reported a pooled relative risk of 0.60
(95% CI, 0.35-1.03) for incident HCV infection associated with
opioid agonist therapy. A pooled analysis of 6 UK studies by
Turner et al9 also reported that receipt of opioid agonist therapy
was significantly associated with lower relative odds for sero-
conversion (adjusted odds ratio, 0.41 [95% CI, 0.21-0.82]). Our
additional analyses adjusting for injection drug use in the past
month suggest that maintenance opioid agonist therapy re-
duces the incidence of HCV infection in part by decreasing the
frequency of injection, which will also lower the risk for ac-
quiring HIV and other blood-borne pathogens.23 Our addi-
tional finding of a higher incidence of HCV infection among
patients who reported recent opioid agonist detoxification

Table 1. Selected Demographic and Behavioral Characteristics at Study
Enrollment Among 552 Young Adult Injection Drug Users Followed Up
in the UFO Cohort Study, San Francisco, California, 2000-2013

Characteristic No. (%) of Participantsa

Study wave

1 (2000-2002) 238 (43.1)

2 (2003-2009) 125 (22.6)

3 (2010-2013) 189 (34.2)

Age, y

15 to 18 16 (2.9)

19 to 24 340 (61.6)

25 to <30 196 (35.5)

Sex

Male 376 (68.1)

Female 176 (31.9)

Educational level (n = 549)

Less than high school 218 (39.7)

High school or more 331 (60.3)

Race (n = 550)

White 402 (73.1)

Nonwhite 148 (26.9)

Homeless in past 3 mo

No 170 (30.8)

Yes 382 (69.2)

Sexual behavior

Femaleb 176 (31.9)

Heterosexual male 214 (38.8)

MSM 162 (29.3)

Seropositive for HIV (n = 475)

No 454 (95.6)

Yes 21 (4.4)

Age of first drug injection, y (n = 551)

<18 227 (41.2)

18-19 115 (20.9)

≥20 209 (37.9)

Duration of injection drug use, y (n = 551)

<3 170 (30.9)

3-5 187 (33.9)

≥6 194 (35.2)

Daily injection drug use in past month

No 368 (66.7)

Yes 184 (33.3)

Drug injected most days in past month

Speed/methamphetamine 183 (33.2)

Heroin/heroin mix 330 (59.8)

Other 39 (7.1)

Injection drug use alone in past 3 mo (n = 551)

No 248 (45.0)

Yes 303 (55.0)

Recent needle-syringe exchange usec

No 124 (22.5)

Yes 428 (77.5)

(continued)

Table 1. Selected Demographic and Behavioral Characteristics at Study
Enrollment Among 552 Young Adult Injection Drug Users Followed Up
in the UFO Cohort Study, San Francisco, California, 2000-2013
(continued)

Characteristic No. (%) of Participantsa

Ever overdosed (n = 548)

No 362 (66.1)

Yes 186 (33.9)

Overdose in past 3 mo (n = 551)

No 481 (87.3)

Yes 70 (12.7)

Incarcerated, past 3 mo (n = 549)

No 400 (72.9)

Yes 149 (27.1)

Recent drug treatment (n = 551)d

None 454 (82.4)

Non-OA therapy 46 (8.3)

OA detoxification 28 (5.1)

Maintenance OA therapye 23 (4.2)

Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex
with men; OA, opioid agonist.
a Percentages have been rounded and may not total 100.
b Female includes women who had sex with men and women who had sex with

women.
c For participants in wave 1, time frame is past 30 days; for participants in waves

2 and 3, past 3 months.
d For participants in wave 1, time frame is past year at baseline and past 3

months at follow-up; for participants in wave 2, past week; and for participants
in wave 3, past 3 months.

e Includes OA therapy unspecified for wave 2 only.
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compared with those who reported no treatment is novel. Stud-
ies have demonstrated high relapse rates when buprenor-
phine and methadone therapy are discontinued,24,25 suggest-
ing that detoxification is a less effective treatment strategy than
maintenance treatment. Studies also have demonstrated an in-
creased risk for opioid overdose when patients relapse after
premature detoxification or periods of abstinence (eg,
incarceration),26,27 and they may also engage in injecting be-
haviors that put them at higher risk for HCV acquisition in this
period.

This study is, to our knowledge, the first to examine the
effects of opioid agonist therapy on HCV infection to be con-
ducted in young adults who are injection drug users; as such,
it extends the literature by demonstrating the potential ben-
efits of maintenance opioid agonist therapy in reducing the in-
cidence of HCV infections in this age group. Young injection
drug users are a major driving force in the epidemic of HCV in-
fection in the United States and Canada and therefore are an
important target for prevention.15 Buprenorphine is an effica-
cious treatment for youth with opioid use disorders.25,28 De-
spite this outcome, young adults who inject drugs often en-
counter significant barriers to receiving opioid agonist therapy
for the treatment of opioid use disorders,17 which is reflected
in the general low rates of self-reported use of methadone and
buprenorphine in this study. Young adults are typically char-
acterized as having short addiction histories for which main-
tenance opioid agonist therapy is considered excessive be-
cause federal regulations concerning patient admission criteria
to methadone maintenance treatment (42 CFR §8.12[e]) stipu-
late that a person be addicted at least 1 year before admission
for treatment and that a person younger than 18 years have 2
documented unsuccessful attempts at short-term detoxifica-
tion or drug-free treatment within a 12-month period.29 Rules
differ from state to state regarding whether an adolescent may
obtain substance use disorder treatment without parental con-
sent; in California, however, nonemancipated minors seek-
ing methadone treatment must obtain parental consent and
preapproval for treatment from the Department of Alcohol and
Drug Programs Narcotic Treatment Program Licensing
Branch.30 Although only 16 participants (2.9%) were minors at
the time of the study, almost half (41.2%) of all participants re-

ported that they started injecting drugs before 18 years of age
and may have benefited from early initiation of opioid ago-
nist therapy. In addition to these unique barriers for young in-
jection drug users, known barriers to opioid agonist therapy
exist for all patients with opioid use disorders, including in-
sufficient providers, treatment facilities, and insurance cov-
erage for medications. Also, motivation to seek treatment may

Table 2. Incident HCV Infection and Type of Drug Treatment Programs Attended in 552 Young Adult Injection Drug Users Followed Up
in the UFO Cohort Study, San Francisco, California, 2000-2013

Baseline Characteristic
Incident HCV, No. of

Participants
Person-years of

Observation
Incidence per 100

Person-years (95% CI)a RR (95% CI) P Value

Overall 171 680 25.1 (21.6-29.2) NA NA

Drug treatment in past 3 mob

None 138 488 28.2 (23.9-33.4) 1 [Reference]

Non-OA therapy 15 84 17.9 (10.8-29.6) 0.63 (0.37-1.08) .09

OA detoxification 11 27 41.1 (22.8-74.2) 1.45 (0.80-2.69) .23

Maintenance OA therapyc 7 81 8.6 (4.1-18.1) 0.31 (0.14-0.65) .001

Abbreviations: HCV, hepatitis C virus; NA, not applicable; OA, opioid agonist;
RR, rate ratio.
a Incidence was calculated using behavior or characteristic at the last period that

patient was seronegative for HCV (uninfected during follow-up) or the first
HCV-seropositive risk period (incident infections).

b For participants in wave 1, time frame is past year at baseline and past
3 months at follow-up; for participants in wave 2, past week; and for
participants in wave 3, past 3 months.

c Includes OA therapy unspecified for wave 2 only.

Table 3. Multivariate Cox Proportional Hazards Regression Model
of Independent Predictors of Incident HCV Infection in 552 Young Adult
Injection Drug Users Followed Up in the UFO Cohort Study,
San Francisco, California, 2000-2013

Characteristic AHR (95% CI)a P Value
Drug treatment in past 3 mob

None 1 [Reference] NA

Non-OA therapy 0.71 (0.41-1.20) .20

OA detoxification 1.39 (0.73-2.67) .32

Maintenance OA therapyc 0.39 (0.18-0.87) .02

Age, y 0.99 (0.94-1.04) .66

Duration of injection drug use, y 1.03 (0.98-1.07) .24

Sex

Male 0.72 (0.52-1.00)
.05

Female 1 [Reference]

Race/ethnicity

White 1 [Reference]
.37

Nonwhite 1.17 (0.82-1.67)

Homeless in past 3 mo

No 1 [Reference]
.26

Yes 1.22 (0.86-1.74)

Incarcerated in past 3 mo

No 1 [Reference]
<.01

Yes 1.58 (1.12-2.23)

Abbreviations: AHR, adjusted hazard ratio; HCV, hepatitis C virus; NA, not
applicable; OA, opioid agonist.
a For time-dependent covariates, hazard ratios were calculated using

time-dependent Cox proportional hazards regression.
b For participants in wave 1, time frame is past year at baseline and past

3 months at follow-up; for participants in wave 2, past week; and for
participants in wave 3, past 3 months.

c Includes OA therapy unspecified for wave 2 only.
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be lower among young adult users, who typically have fewer
comorbidities related to their substance use disorders.

Given that studies have shown frequent HCV seroconver-
sion within the first few years of initiating injection drug
use16 and given evidence from the present study that mainte-
nance opioid agonist therapy is associated with decreased
HCV incidence among young adult injection drug users, opi-
oid treatment guidelines and regulations that defer opioid
agonist therapy for young adults with opioid use disorders
may warrant reconsideration. Furthermore, in keeping with
the concern that the risk for opioid overdose increases after
cessation of opioid agonist therapy,27,31,32 these study results
support the view of many addiction experts that mainte-
nance opioid agonist therapy, rather than detoxification, is a
safer and more effective strategy for preventing serious
medical complications of opioid addiction in young adult
users.33

This study has some limitations. Only a modest number
of participants reported receiving opioid agonist therapy, par-
ticularly buprenorphine; therefore, we could not analyze the
effects of buprenorphine and methadone separately. In an ad-
ditional limitation, opioid agonist therapy was defined by self-
report and not confirmed by treatment episode data. Some par-
ticipants might report misinformation about treatment status
(social desirability bias). Also, no specific duration of treat-
ment was used to differentiate detoxification vs mainte-
nance therapy, and therefore some overlap may have existed.
We assume these types of misclassification would bias to the
null, in which case our results would be an underestimate of

the true effect. An additional limitation is that the question-
naires for 1 wave of data collection only provided open-
ended responses on substance use treatment; therefore, some
participants were missing data on whether recent opioid ago-
nist therapy was for detoxification or maintenance. Further-
more, a difference existed in the time frame of the questions
asked regarding opioid agonist therapy between waves 1 and
3 and wave 2, which only captured very recent (past week) at-
tendance. This difference should in theory bias our results to
the null, which strengthens our findings. Also, sensitivity analy-
ses were performed excluding data from wave 2, and results
were not changed substantively. A major strength of the study
is the repeated and accurate ascertainment of the outcome
measure of incident HCV infection. This study is the only one
of which we are aware that performed systematic testing, in-
cluding HCV viremia, at regular intervals to measure the true
incidence of HCV.

Conclusions
Among a cohort of young adult injection drug users, we found
that report of recent maintenance treatment with opioid ago-
nist therapy was associated with a lower incidence of HCV in-
fection. Our results suggest that treatment for opioid use dis-
orders with maintenance opioid agonist therapy can reduce
transmission of HCV in young adult injection drug users and
should be offered as an important component of comprehen-
sive strategies for prevention of primary HCV infection.
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