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Background. Although efforts to treat hepatitis C virus (HCV) in people who inject drugs (PWID) yield high rates of sustained
virologic response (SVR), the relationship between successful HCV treatment and health-related quality of life (HRQOL) among
PWID is poorly understood. We examined HRQOL changes throughout HCV treatment and post-treatment for PWID achieving
SVR.

Methods. Participants included 141 PWID who achieved SVR following HCV treatment onsite at 3 opioid agonist treatment
(OAT) clinics in the Bronx, New York. EQ-5D-3L assesses 5 health dimensions (mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression), producing an index of HRQOL ranging from 0 to 1. EQ-5D-3L was measured at baseline; 4, 8, and 12
weeks during treatment; and 12 and 24 weeks post-treatment. Linear mixed effects regression models assessed changes in the mean
EQ-5D-3L index over time.

Results. Mean EQ-5D-3L index baseline was 0.66 (standard error [SE] = 0.02). While over half the population reported no base-
line problems with self-care (85.1%), usual activities (56.0%), and mobility (52.5%), at least two-thirds reported problems with pain/
discomfort (78.0%) and anxiety/depression (66.0%). Twenty-four weeks post-treatment, proportions reporting pain/discomfort and
anxiety/depression decreased by 25.7% and 24.0%, respectively. Mean EQ-5D-3L index significantly improved during treatment
(P <.0001), and improvement was sustained following treatment completion, with mean EQ-5D-3L index of 0.77 (SE = 0.02) 12

weeks post-SVR.
Conclusions.

HCV treatment led to sustained improvement in HRQOL for PWID on OAT who achieved SVR. Future research

is necessary to determine whether improvements in HRQOL can be sustained beyond 12 weeks post-SVR.
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In 2017, nearly three-quarters (73.0%) of individuals with acute
hepatitis C virus (HCV) infections in the United States reported
injection drug use (IDU) [1]. Expanding coverage of HCV
treatment to people who inject drugs (PWID) can improve
patient-reported outcomes [2] and be an effective strategy to
reduce prevalence of HCV among PWID [3, 4]. Concomitant
HCV treatment with opioid agonist treatment (OAT) has
shown promise as a model of care that promotes high adher-
ence, treatment completion, and sustained virologic response
(SVR), or HCV cure [5-8].
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Studies show that health-related quality of life (HRQOL) of
populations living with HCV is often low in comparison to the
population norms within their respective countries [6, 9-13].
Many studies have reported an association between SVR and
HRQOL [2, 8, 14-16], which appears to be driven by the type of
HCV treatment [8]. Whereas interferon-based treatments ap-
pear to have little/no effect on HRQOL of individuals with HCV
(10, 14, 17], those treated with direct-acting antivirals (DAAs)
report increased HRQOL 3 to 12 months following treatment
[17-19]. A study of patients with chronic HCV in Spain re-
ported significant decreases in the proportion of patients re-
porting problems with mobility, pain/discomfort, and anxiety/
depression 12 weeks post-DAA treatment [19], and individuals
treated for HCV in Japan continued to report improvements in
general health perception up to 3 years post-DAA administra-
tion [20]. While these findings are encouraging, many of these
studies do not include PWID [10, 18], which limits the general-
izability of findings to this population.
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Assessing how HCV treatment might impact HRQOL for
PWID is necessary to better understand the relationship be-
tween curing HCV and improving patient-centered health
outcomes for a population whose stigmatization often cre-
ates barriers to accessing treatment [21-23]. Furthermore,
understanding benefits of HCV cure for PWID beyond he-
patic manifestations may motivate provider- and system-level
changes that increase the provision of HCV treatment for
PWID. The lack of research focusing on HRQOL of PWID
with HCV is surprising, given that patients living with chronic
HCYV and a history of IDU report a lower quality of life com-
pared with those with no history of IDU [24]. Overall, lower
HRQOL among PWID may be attributed to the increased
prevalence of severe mental health and physical comorbidities
[25], as well as an increased likelihood of experiencing pov-
erty [26], homelessness [27, 28], and incarceration [29]. These
issues may persist following SVR, which could influence
post-treatment HRQOL.

Despite encouraging findings from OAT treatment and the
increase in studies using concomitant HCV treatment with
OAT, only 1 study has investigated the relationship between
DAA treatment and HRQOL among PWID. From 2016 to 2018,
Schulte et al [6] assessed changes in HRQOL among German
PWID treated with DAA, reporting small significant increases
in mental health but no significant differences in physical health
for individuals with and without SVR 24 weeks post-treatment.
While encouraging, further research is necessary to assess gen-
eralizability of these results to PWID with SVR.

Understanding how SVR may influence HRQOL in PWID
is necessary in order to increase HRQOL in this population.
Our objective in this study was to examine changes in HRQOL
throughout HCV treatment and post-treatment for PWID re-
ceiving OAT who achieve SVR.

METHODS

Study Population and Design

This is a secondary analysis of data collected from partici-
pants enrolled in the PREVAIL study, a randomized clinical
trial investigating intensive models of HCV care for individ-
uals who inject drugs (NCT01857245) [30]. Patients living with
HCV were recruited from OAT clinics in the Bronx, New York,
from October 2013 to May 2016. The majority of the population
(75.0%) reported previous IDU.

HCV treatment regimens were based on guidelines from
the American Association for the Study of Liver Diseases
at the time of treatment initiation. The majority of parti-
cipants received second-generation DAAs, defined as com-
bination regimens that were interferon-free, ribavirin-free,
or interferon- and ribavirin-free, including simeprevir
and sofosbuvir (SIM/SOF) and sofosbuvir and ledipasvir
(SOF/LDV). Few received first-generation DAAs, defined

as regimens that contain ribavirin, interferon, or ribavirin
and interferon, including sofosbuvir and ribavirin (SOF/
RBV); telaprevir, ribavirin, and pegylated interferon (TVR/
RBV/PEG); and sofosbuvir, ribavirin, and pegylated inter-
feron (SOF/RBV/PEG). As only 7 of 150 individuals did not
achieve SVR (2 deceased prior to determining SVR status),
there was an insufficient sample size to perform stratified
analysis as a function of SVR. Additionally, a sensitivity
analysis showed no significant difference for the main out-
come when all 150 participants were included compared
with a sample limited to those who achieved SVR (N = 141)
(Supplementary Figure 1). Therefore, the primary analytic
sample for the current study was limited to 141 individuals
(94.0%) who achieved SVR.

Study Participants

Individuals were eligible for participation in the PREVAIL study
if they were aged >18 years, were treatment-naive (or treatment
experienced after 3 December 2014), and spoke English or
Spanish. Individuals were excluded if they had decompensated
cirrhosis, were unable to provide informed consent, were preg-
nant or breastfeeding, or had hypersensitivity to HCV medi-
cation. Eligibility for the current study was further limited to
participants who achieved SVR, defined as anyone whose HCV
RNA viral load was undetectable, lower than 43 mm/IU at an
earlier stage of the trial, or lower than 15 mm/IU at a later stage
of the trial (as per laboratory guidelines).

Patient demographics and clinical information were col-
lected at the baseline assessment; during the 4-, 8-, and 12-week
research visits during treatment; and 12 and 24 weeks following
treatment. Additional information for the study population and
study design is provided in detail elsewhere [30, 31].

Health-related Quality of Life

The EQ-5D-3L is a standardized measure of health status that
provides a simple descriptive profile and single index value
for health status [32]. Although applicable to a wide range
of health conditions, EQ-5D-3L has frequently been used to
measure HRQOL in populations living with HCV [9, 10, 14,
33]. EQ-5D-3L uses responses for 5 health domains (mobility,
self-care, usual activities, pain/discomfort, and anxiety/depres-
sion) to measure a respondent’s health state. Health states are
determined by the scores reported for each domain, where
1 =“no problems,” 2 = “some problems,” and 3 = “extreme prob-
lems” [32]. Final health states were converted into a summary
index using US-specific valuation weights at each level of every
domain with a standardized formula provided by the Agency
for Healthcare Research and Quality [34, 35]. Final EQ-5D-3L
scores range from 0 to 1, where 1 is full health and 0 indicates
death [32]. Participants were assessed with the EQ-5D-3L
at baseline, during treatment (4, 8, and 12 weeks), and post-
treatment (12 and 24 weeks).
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Statistical Analyses

i tests and T tests were used to examine differences in the base-
line demographic and clinical characteristics by treatment type
(second-generation DAAs vs first-generation DAAs). Percent
differences were calculated to examine changes in the propor-
tion of individuals reporting any problems (ie, some problems
or extreme problems) for each EQ-5D-3L domain from base-
line to 12 weeks post-SVR. Linear mixed effects models were
used to determine changes in HRQOL over time. A first-order
autoregressive correlation structure was incorporated to ac-
count for temporal correlations among repeated values.
Sensitivity analyses were performed to compare HRQOL over
time as a function of treatment type: second-generation DAAs
(SOF/LDV, SIM/SOF) and first-generation DAAs (SOF/RBV/
PEG, SOF/RBV, and TVR/RBV/PEG). All statistical analyses
were conducted using SAS 9.4 (SAS Inc, Cary, NC).

RESULTS

The sample was predominantly male (63.8%) with a mean
age of 51.3 years (range, 25-73). Half of the participants were
Hispanic (56.0%), a quarter were Black (25.5%), 8.5% were
White, and 9.9% were another race (Table 1). The majority re-
ceived methadone (98.6%), and more than three-quarters were
taking second-generation DAAs (77.3%). Sensitivity analyses
showed no statistically significant differences in demographic
or clinical characteristics by treatment type. Additional med-
ical, mental health, and substance use comorbidities for this pa-
tient population are described elsewhere [36].

The mean EQ-5D-3L index at baseline was 0.66 (standard
error [SE] = 0.02). More than half reported no problems with
self-care (85.1%), usual activities (56.0%), or mobility (52.5%).
While nearly half reported problems with mobility and usual
activities (47.3% and 45.3%, respectively), very few reported ex-
treme problems; no patients reported extreme problems with
mobility, and only 4.7% reported extreme problems with usual
activities. In contrast, at least two-thirds reported problems
with pain/discomfort (78.0%) or anxiety/depression (66.0%),
with nearly one-quarter reporting extreme problems: 22.0% for
pain/discomfort and 21.3% for anxiety/depression.

Health-related Quality of Life
The proportion of individuals reporting any problems de-
creased from baseline to 24 weeks of follow-up for every

Table 1. Baseline Demographic and Clinical Characteristics of People
Who Inject Drugs on Opioid Agonist Treatment With Sustained Virologic
Response®

Demographic Characteristic N (%)
Age® 51.3 (10.6)
Sex
Male 90 (63.8)
Female 50 (35.5)

Table 1. Continued

Demographic Characteristic N (%)
Race
Non-Hispanic White 12 (8.5)
Non-Hispanic Black 36 (25.5)
Hispanic 79 (56.0)
Other 14 (9.9)
Education
Non-high school graduate 59 (41.8)
High school or higher 82 (58.3)
Marital status
Married 52 (36.9)
Not married 89 (63.1)
Employment
Employed 27 (19.2)
Unemployed 73 (51.8)
Disabled 41 (29.1)
Clinical Characteristics
Treatment type®
Second-generation DAA 109 (77.3)
First-generation DAA 32 (22.7)
Type of opioid agonist treatment
Methadone 139 (98.6)
Buprenorphine 2 (1.3)
Treatment group
Treatment as usual 46 (32.6)
Group treatment 45 (31.9)
Directly observed treatment 50 (35.5)
EQ-5D-3L index®® 0.66 (0.02)
Liver disease severity
Cirrhosis 39 (27.7)
No cirrhosis 102 (72.3)
Mobility
No problems 74 (52.5)
Some problems 67 (475)
Extreme problems 0(0)
Self-care
No problems 120 (85.1)
Some problems 20 (14.2)
Extreme problems 1(0.71)
Usual activities
No problems 79 (54.7)
Some problems 55 (40.7)
Extreme problems 7 (4.7)
Pain/Discomfort
No problems 31 (22.0)
Some problems 79 (56.0)
Extreme problems 31 (22.0)
Anxiety/Depression
No problems 48 (34.0)
Some problems 63 (44.7)
Extreme problems 30 (21.3)

Abbreviation: DAA, direct-acting antiviral.

“Sample Size = 141.

Mean (standard deviation).

°First-generation DAAs were defined as regimens that contain ribavirin and/or interferon, in-
cluding sofosbuvir (SOF) and ribavirin; telaprevir, ribavirin, and pegylated interferon; and
sofosbuvir, ribavirin, and pegylated interferon. Second-generation DAAs were defined as regi-
mens that are interferon-free and/or ribavirin-free, including simeprevir/SOF and SOF/ledipasvir.
“Mean (standard error).

“The EQ-5D-3L index is a summary score calculated using individual ratings of 5 health
domains and valuation weights for the United States [34, 35].
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Figure 1.

A, Five health domains of the EQ-5D-3L showing differences in the proportion of people who inject drugs (PWID) reporting problems [1] at baseline and at 12

weeks post-sustained virologic response (SVR). B, Mean EQ-5D-3L index [2] for PWID with SVR over time. The asterisk (*) indicates statistical significance at P<.001.
"Individual reports either “some problems” or “extreme problems.” *The EQ-5D-3L index is a summary score calculated using individual ratings of 5 health domains and val-
uation weights for the United States [34, 35]. Abbreviations: BL, baseline; FW, follow-up week; TW, treatment week.

domain but self-care, for which there was no evidence of
change (14.7% vs 16.7%, P = .967; Figure 1A, Supplementary
Table 1). The proportion reporting problems with mobility
and/or usual activities decreased by 17.3% and 31.1%, re-
spectively; however, neither difference was statistically sig-
nificant. In contrast, for pain/discomfort, the proportion
reporting problems at 24 weeks of follow-up was significantly
lower compared with the baseline proportion(s) (76.0%
vs 56.5%, P <.0001) and/or anxiety/depression (66.7% vs

50.7%, P =.0028), yielding a 25.7% and 24.0% decrease in
the proportion reporting problems for pain/discomfort and
anxiety/depression, respectively.

Improvements in the mean EQ-5D-3L index from base-
line peaked at 4 weeks of treatment (0.66 vs 0.80, P <.0001)
and 12 weeks of treatment (0.66 vs 0.79, P < .0001; Figure 1B).
Significant increases in the mean EQ-5D-3L index were also
shown at 12 weeks of follow-up (0.66 vs 0.77, P <.0001) and
24 weeks of follow-up (0.66 vs 0.77, P < .0001), indicating the
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increase in overall HRQOL for PWID with SVR was sustained
over time.

Sensitivity Analyses
Sensitivity analyses showed that changes in the mean EQ-5D-3L
index were not significantly associated with HCV treatment
type (P = .0617) and that increases in the mean EQ-5D-3L index
between treatment types over time were not statistically signifi-
cant (P = .1728; Supplementary Figure 2A). There were signifi-
cant improvements in HRQOL for the second-generation DAA
group over time (P =<.0001). Those on second-generation
DAAs showed a significant increase in the mean EQ-5D-3L
index that was sustained at 12 weeks (0.65 vs 0.75, P = .0003)
and 24 weeks (0.65 vs 0.75, P = .0008) post-treatment. In con-
trast, although those on first-generation DAAs reported signif-
icant increases in the mean EQ-5D-3L index at 12 weeks (0.71
vs 0.86, P = .0086) and 24 weeks (0.71 vs 0.85, P = .0176) post-
treatment, overall changes in the mean EQ-5D-3L over time
were not significant for first-generation DAAs (P = .1425).
Similar trends were observed when specific HCV medica-
tions were examined (Supplementary Figure 2B). Only indi-
viduals taking second-generation DAAs regimens of SOF/LDV
reported significant increases in the mean EQ-5D-3L index
that were sustained at 12 weeks (0.66 vs 0.75, P =.0009) and
24 weeks (0.65 vs 0.75, P =.0024) post-treatment. No other
treatment regimen showed a significant change in the mean
EQ-5D-3L index over time.

DISCUSSION

In this study, we are the first to examine changes in HRQOL
following SVR among PWID engaged in OAT in the United
States. Over the course of treatment, HRQOL significantly
increased among PWID achieving SVR, and those increases
were sustained 24 weeks following HCV treatment. Increases
in HRQOL could be attributed to the significant decreases in
the proportion of individuals reporting problems with pain/dis-
comfort and the decrease in the proportion of PWID reporting
problems with anxiety/depression.

These findings show PWID on OAT report significant in-
creases in HRQOL that were sustained 12 weeks post-SVR.
Whereas this finding is consistent with the results of other
studies that assessed the impact of DAA regimens on HRQOL
in HCV-infected populations [6, 14, 17-19], including those
on OAT [8], this study adds to the current body of knowledge
by examining this relationship among PWID on OAT within
the United States. Demonstrating the benefits to HRQOL that
result from successful DAA treatment during OAT is of par-
ticular importance as PWID continue to face personal and pro-
vider- and system-level barriers that may prevent them from
accessing HCV treatment [37]. PWID may not seek HCV treat-
ment if actively injecting drugs out of fear that clinicians will

reject them or reinfection may prevent them from accessing
future treatment [22]. Additionally, many PWID continue to
face challenges finding clinicians to provide HCV treatment;
not all OAT programs are ready/willing to provide HCV treat-
ment concurrently with OAT [22]. These barriers may explain
the low baseline EQ-5D-3L index of our population (0.66;
SE = 0.02). Although the mean baseline EQ-5D-3L index of the
current study is similar to that of a population of PWID with
chronic HCV in Scotland (0.69) [12] and a sample of HCV-
infected individuals receiving OAT in Germany (0.71) [38],
it remains low in comparison to baseline indices reported by
HCV-infected non-PWID populations, which range from 0.823
to 0.92 [14, 39, 40]. Although the mean EQ-5D-3L index in the
current study increased to 0.77 (SE = 0.02), this is still below
those for the US population, which fall between 0.83 and 0.94
[39, 41, 42]. Future research might build on the momentum of
successful HCV treatment by providing additional services that
may sustain or increase HRQOL for PWID. Following SVR,
clinicians may shift focus to addressing co-occurring substance
use and tobacco cessation or encourage and provide resources
for harm reduction services to prevent reinfection. Perhaps
these services could be incorporated into a standardized check-
list implemented during reinfection follow-up to increase the
overall health and well-being of PWID following SVR.
Significant decreases were noted in the proportion of PWID
reporting problems with pain/discomfort. Consistent with pre-
vious studies, the baseline proportion of problems with pain/
discomfort in the current population of PWID was high. In
1 study, only 25.7% of the non-PWID population in HCV
treatment reported any baseline problems with pain/discom-
fort [14], whereas in another study where half of the pop-
ulation reported a history of IDU, 60.0% reported baseline
problems with pain/discomfort [19]. This difference is not
surprising as IDU is often associated with severe infections or
poor vein health that likely contributes to the increased prev-
alence of pain/discomfort among PWID [22, 43, 44]. Perhaps
the decrease in pain/discomfort following SVR results from the
elimination of painful neuropathic and musculoskeletal con-
ditions associated with HCV [45, 46]. However, SVR may not
be solely responsible for decreasing pain/discomfort in PWID.
One study reported HCV exposure was not significantly as-
sociated with pain/discomfort after accounting for other con-
founding factors [33], suggesting that other factors may have
an impact on pain/discomfort during HCV treatment among
PWID. Increased attention from medical personnel might pro-
vide opportunities for PWID to be treated for infections and
have access to additional medical or psychological care, and
increased trust in clinicians may influence the willingness of
PWID to seek additional care. Many PWID report discrimi-
nation from healthcare workers [47], and discrimination is
often associated with decreased mental health and physical
functioning [48]. It is likely that both elimination of painful
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conditions associated with HCV and the relationship formed
with clinicians that increased the comfort of PWID to address
underlying medical issues were responsible for decreasing
pain/discomfort following SVR.

We also found significant decreases in the proportion of
PWID reporting problems with anxiety/depression from
baseline to 12 weeks post-SVR. These findings are comple-
mentary to those of Schulte et al, who reported significant
increases in overall mental health for PWID treated with
DAAs during OAT up to 12 weeks following treatment com-
pletion [6]. Similar to pain/discomfort, anxiety/depression
appears to be much more prevalent among HCV-infected
PWID compared with HCV-infected non-PWID in HCV
treatment, as only 25.6%-57.0% of HCV-infected non-PWID
reported baseline problems with anxiety/depression [14, 19].
These decreases in anxiety/depression might be attributed to
increased engagement with clinicians or the supportive en-
vironment among other PWID in treatment for OAT [36].
Further, decreases in the proportion reporting problems with
anxiety/depression likely contributed to decreases in the pro-
portion reporting pain/discomfort, as psychological distress
has been linked to pain and poor health [33].

Sensitivity analysis by treatment type showed sustained
increases in HRQOL up to 12 weeks post-SVR for both sec-
ond-generation DAAs and first-generation DAAs. However,
in comparison to individuals taking second-generation DAAs,
those on first-generation DAAs did not show a statistically sig-
nificant change in HRQOL over time. This appears to be con-
sistent with previous findings that show that first-generation
DAAs containing interferon and/or ribavirin often negatively
impact HRQOL during treatment [8, 17] or show no signifi-
cant differences in HRQOL following treatment [14, 38]. This
is often attributed to the negative side effects that occur with
first-generation DAAs, including depressive symptoms, psy-
chological syndromes, and fatigue [38]. One potential explana-
tion for our disparate finding might be the receipt of OAT by all
participants receiving HCV treatment, as OAT attendance is as-
sociated with improved HRQOL [49]. However, in a 2008 study
of HCV-infected patients attending OAT in Germany, Schifer
et al reported no significant changes in HRQOL following
HCV treatment with first-generation DAAs during OAT [38].
Nevertheless, this finding may further support the theory that
individuals in the current study were able to access additional
services and resources. Whereas those treated with first-genera-
tion DA As may still experience adverse side effects, it is possible
that better access to clinicians afforded them more opportun-
ities to address those concerns.

Taken together, these findings highlight the importance of
HCV treatment not only to cure HCV but also as a potential
avenue for PWID to access additional services and resources
instrumental to increasing HRQOL. These findings empha-
size the overall health benefits of providing HCV treatment for

PWID and should serve to support further efforts to engage and
treat all PWID for HCV.

This study has several limitations. The PREVAIL study was
composed of a small, predominantly male sample of PWID re-
ceiving OAT who were recruited from an urban environment in
New York and may not be generalizable to non-PWID, women,
individuals not receiving OAT, or rural populations. This sample
size was too small to perform a stratified analysis as a function
of SVR, highlighting the need for additional research in a large
sample that can assess HRQOL in PWID on OAT with and
without SVR. HRQOL was assessed using the EQ-5D-3L, a ge-
neric questionnaire. Although this questionnaire has been used
to assess HRQOL in many populations with HCV [9, 10, 14,
33], future studies might consider combining these responses
with those of an HCV-specific questionnaire. Additionally, it is
possible that informing patients of their HCV RNA status once
achieving SVR may have influenced their HRQOL ratings in
successive visits. We did not examine the potential influence of
treatment intervention group on HRQOL. Finally, future re-
search may be warranted to determine long-term HRQOL fol-
lowing SVR in this high-priority population.

CONCLUSIONS

HCV treatment with first- and second-generation DA As during
OAT led to a sustained improvement in HRQOL for PWID
achieving SVR, and significant decreases were seen in the pro-
portion of individuals reporting problems with pain/discomfort
and anxiety/depression. However, HRQOL reported by PWID
continues to remain low in comparison to HRQOL in the ge-
neral US population. Future efforts should consider the imple-
mentation of a standardized checklist for reinfection follow-up
that would provide continued access to care for PWID and
maintain increases in HRQOL following SVR. Future research
is necessary to determine whether the increases in HRQOL can
be sustained beyond 12 weeks post-SVR.

Supplementary Data

Supplementary materials are available at Clinical 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.
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