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ABSTRACT

Introduction: Patients with chronic hepatitis C
virus infection (HCV) may incur significant
indirect costs due to health-related work loss.
However, the impact of curative HCV therapy
on work productivity is not well characterized.
We estimated the economic value of improved
productivity following HCV treatment.
Methods: Adults diagnosed with HCV infection
(Optum Healthcare Solutions data; Q1 1999 to
Q1 2017) were stratified into two cohorts: (1)
treated cohort, patients who received HCV
therapy and (2) untreated cohort, therapy-naı̈ve
patients. For the treated cohort, the index date

was set at the end of the post-treatment moni-
toring period, assumed to be 6 months after the
end of treatment for patients with cirrhosis or
for those treated with interferon-based therapy,
and 3 months after the end of treatment for
patients without cirrhosis who received inter-
feron-free therapy. For the untreated cohort, an
index date was randomly selected post-HCV
diagnosis. Time from the index date to the first
work-loss event was assessed using time to event
analyses. An economic modeling approach was
used to monetize the improved productivity
from reduced risk of work-loss event in the
4 years post-index.
Results: Patients in the treated cohort had a
lower risk of experiencing a work-loss event
compared to untreated patients [unadjusted
and adjusted hazard ratios and 95% CI 0.72
(0.61–0.86), and 0.68 (0.55–0.85), respectively;
p\0.001 for both]. The mean cumulative
added productivity value associated with HCV
treatment was US$4511 (CI $2778–$6278) at
1 year post-index and $21,429 (CI
$12,733–$30,199) at 4 years post-index.
Conclusion: HCV treatment reduces the risk of
work loss resulting in productivity gains for
employers and employees. The monetary value
associated with these productivity gains is sub-
stantial, and, after about 4 years, it is compara-
ble to the wholesale acquisition cost of some
direct-acting antiviral regimens in the United
States. Employers may derive economic benefits
from adopting HCV elimination strategies.
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Key Summary Points

Why carry out this study?

Although the clinical benefits of HCV
therapies are well documented, there is a
paucity of information available regarding
the impact of HCV therapies on work
productivity.

What was learned from the study?

Adults newly diagnosed with HCV
infection who received HCV therapy
during the 1999–2017 study period
(primarily with interferon) had
significantly lower cumulative risk of
having a work-loss event compared to
those not treated.

The resulting productivity gains among
patients receiving HCV therapy were
associated with a monetary value that,
after 4 years, was comparable to the
wholesale acquisition cost of some direct-
acting antiviral regimens in the United
States.

The findings from this study suggest that
employers may derive economic benefits
from the implementation of HCV
elimination strategies.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12902408.

INTRODUCTION

Chronic hepatitis C virus infection (HCV) is the
leading cause of liver-related death in the Uni-
ted States (US) [1]. With an estimated preva-
lence of 1.0%, HCV infection affects
approximately 2.4 million people in the US
[2, 3]. From approximately 1992 to 2013, HCV
infection was treated exclusively with inter-
feron-based therapy, which required 24–-
48 weeks of therapy and was associated with an
increased risk of adverse events and relatively
low rates of sustained virologic response (SVR)
or HCV cure [4]. Since 2013, several oral direct-
acting antiviral (DAA) therapies have been
approved for use without interferon, some of
which provide SVR rates higher than 95% and
with treatment durations as short as 8 weeks [9].
Despite this progress, many persons with HCV
infection remain untreated, contributing to the
increasing societal consequences of HCV disease
[10, 11].

The direct burden of HCV disease is high and
encompasses both lower quality of life [12] and
high direct medical costs and comorbidities [1],
including both hepatic manifestations, such as
cirrhosis and liver cancer, and extra-hepatic
manifestations, such as kidney disease, diabetes,
and heart disease [13–15]. Current literature
suggests that persons with HCV also incur a
significant indirect cost burden compared to
those without HCV, including incremental
health-related work absences [1]. Two previous
studies estimated the value of work productivity
losses in patients with HCV who did not receive
treatment by extrapolating work productivity
estimated from questionnaires such as the Work
Productivity and Activity Impairment [16–19].
One of these studies estimated that treating all
HCV patients with a regimen having very high
viral eradication rates would translate to annual
productivity gains of $2.7 billion over a 1-year
time horizon compared to no treatment [18].
The second study estimated that the per
patient/year productivity losses were $4847
higher in untreated HCV patients relative to
matched persons without HCV ($10,316 vs.
$5469 for total indirect cost of absenteeism for
productivity loss due to absence from work due
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to medical resource utilization and presen-
teeism, defined as impaired work productivity
while working combined) [19]. However, the
impact of HCV treatment on work productivity
has not yet been assessed in treated versus
untreated HCV patients using real-world work
loss and employee earnings data. The objective
of this study is to estimate the economic value
of HCV treatment for employers and employ-
ees, based on differences in the risk of experi-
encing a long-term work-loss event (i.e., leave of
absence, disability leave, early retirement)
between persons with HCV infection according
to treatment status.

METHODS

Data Source

Data were procured from the Optum Healthcare
Solutions database and covered the Q1 1999 to
Q1 2017 study period. This database contains
administrative healthcare claims of over 19
million privately insured individuals covered by
84 self-insured Fortune 500 companies from a
range of industries, job classifications, and
locations across the US. The data include com-
plete medical and pharmaceutical claims for
covered employees and their dependents.
Work-loss data including leave of absence, long-
and short-term disability, and early retirement,
as well as earnings are available for the patients
employed by 44 companies in the database that
report work-loss data in addition to healthcare
claims.

Compliance with Ethics Guidelines

Individual patients are de-identified in the data,
and the database is Health Insurance Portability
and Accountability Act compliant, and, there-
fore, the study and use of the data did not
require approval and oversight by an institu-
tional review board.

Study Design

The study investigated two mutually exclusive
cohorts of patients diagnosed with HCV: a
treated cohort who received HCV therapy with
interferon and/or DAAs during the study period
and following HCV diagnosis, and an untreated
cohort who did not receive HCV therapy during
the study period and following HCV diagnosis.

For the treated cohort, the index date was set
after both the HCV treatment and the post-HCV
treatment monitoring were assumed to be
completed, [20] to ensure that the healthcare
resource utilization related to treatment and
post-treatment monitoring would not con-
found the comparison between treated and
untreated patients. The duration of the post-
treatment monitoring period was assumed to be
longer for patients with a history of cirrhosis or
those who received interferon-based therapy.
Specifically, the index date was defined as
6 months after the end of treatment for patients
with a history of cirrhosis or those who received
interferon-based therapy, and as 3 months after
the end of treatment for patients without a
history of cirrhosis who were treated with
interferon-free therapy (i.e., DAAs approved in
2013 or afterwards). For the untreated cohort,
the index date was randomly selected among all
dates at least 147 days after the patient’s first
observed HCV diagnosis, which corresponded
to the minimal difference between first HCV
diagnosis and index date in the treated cohort.

The 6-month period prior to the index date,
inclusive of the index date, was defined as the
baseline period. The time period spanning from
the index date until the earliest of loss of con-
tinuous insurance eligibility, reaching age
65 years, or end of data availability on March
31, 2017 was defined as the follow-up period.
Patient characteristics were measured during
the baseline period. Study outcomes including
work loss and economic value of improved
productivity associated with HCV treatment
were measured during the follow-up period and
do not include the medically-related absen-
teeism for treatment and post-treatment moni-
toring. The follow-up period was censored
4 years post-index as few patients were followed
beyond this date.
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Study Sample

The study sample included adults between 18
and 65 years of age diagnosed with HCV, a
washout of C 6 months with continuous
enrollment, and no HCV treatment prior to the
first HCV diagnosis was applied. All patients
were primary policy holders and actively
employed for C 6 months before and after the
index date by the 44 companies which reported
work loss data, including long- and short-term
disability claims. A sample selection
flowchart with specific inclusion/exclusion cri-
teria is presented in Figure S1.

Measures

Baseline characteristics measured during the
baseline period included age, sex, region of
residence, index year, Charlson Comorbidity
Index (CCI), health plan type, liver cirrhosis,
mean days of medically-related absenteeism,
and annual salary at the index date. Days of
medically-related absenteeism during the base-
line period were assessed by imputing a full day
of work loss for each inpatient or emergency
room visit during the baseline period, and by
imputing a half-day of work loss for each out-
patient visit during the baseline period, as
observed in the claims data. Salary in the month
of the index date was annualized and inflated to
2017 USD using the medical component of the
Consumer Price Index for inclusion in the eco-
nomic evaluation. For the treated cohort, the
class of index HCV therapy (i.e., DAA vs. inter-
feron treatment) was described.

For the analysis of time to first work-loss
event, work loss was captured as reported on a
monthly basis by the employer and defined as
any of the following: leave of absence, short-
term disability, long-term disability, and early
retirement. Definitions of short- and long-term
disability vary across employers, with short-
term disability usually ranging between 9 and
52 weeks, and long-term disability reflecting
any disability leave that extends beyond the
employer’s short-term disability limit. Time
from the index date to the first work-loss event
was measured in days and work loss was

assumed to start on the first day of the first
month post-index when the employer reported
a work-loss event.

Statistical Analyses

Descriptive statistics were calculated for base-
line characteristics including means, standard
deviations, frequencies, and proportions. Sta-
tistical comparisons between cohorts at baseline
were conducted using Wilcoxon rank-sum tests
for continuous variables and Chi-square tests
for categorical variables.

To account for varying follow-up time across
patients, the time from index date to the first
work-loss event was compared between the
treated and untreated cohorts using time to
event analyses, including Kaplan–Meier (KM)
plots and Cox proportional hazards regression
models. From the former, we report the cumu-
lative incidence of work loss (1-KM) in the
treated and untreated cohorts with the corre-
sponding value of the log-rank test. From the
latter, we report unadjusted and adjusted haz-
ard ratios for the treated versus untreated
cohorts, with adjusted hazard ratios controlling
for age, sex, region of residence, index year,
CCI, cirrhosis, and days and costs of medically-
related absenteeism in the baseline period.

In addition, the work-loss cumulative inci-
dence (1-KM) plot was also used to extract one
of the inputs needed for economic valuation of
work productivity. Specifically, for each day
after the index date, the gap between the
cumulative incidence curves in treated and
untreated cohorts (i.e., the difference in risk of
work-loss event between the cohorts) was used
to quantify the potential reduction in work loss
attributable to HCV treatment.

The value of work productivity, or value of
avoiding work loss, at each day during the fol-
low-up was assessed using an economic valua-
tion approach [21] based on the cross-product
between (1) the difference in risk of work-loss
event between the cohorts at each day during
the follow-up and (2) the average daily salary of
the treated cohort, inferred by dividing the
average annualized salary of the treated cohort
at the index date by the number of days in a
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year. This cross-product between salary and
work-loss risk at each day during the follow-up
corresponded to an average dollar estimate of
the incremental daily productivity among trea-
ted patients due to not experiencing a work-loss
event and remaining in the workforce. The
economic evaluation relied on the patients’
salary at the index date because salary during
the follow-up could have been subject to varia-
tions due to exogenous factors and confound
the estimates.

To provide an average cumulative monetary
estimate of productivity gains associated with
HCV treatment over time, the average dollar
estimate of the incremental daily productivity
of treated patients was then accumulated and
reported at 1 year and 4 years post-index date.
Bootstrap resampling methods were utilized to
generate confidence intervals for the average
incremental daily productivity estimates for the
first year post-index and the full 4 years follow-
up post-index.

RESULTS

A total of 3052 eligible HCV patients were
identified: 673 (22.0%) were treated for HCV
and 2379 (77.9%) were untreated. Unadjusted
baseline demographic and clinical characteris-
tics are presented in Table S1. Baseline salary
was similar for treated versus untreated patients
[mean (SD): $72,008.70 ($50,708.38) vs.
$69,160.23 ($53,319.87); p = 0.2668]. Patients
in the treated cohort had higher rates of cir-
rhosis than patients in the untreated cohort at
baseline (treated: 8.3%; untreated: 6.1%;
p = 0.0442) and more days of medically-related
absenteeism in the baseline period, which
included a post-treatment monitoring period
that was treatment-specific [mean (SD) number
of days of medically-related absenteeism in
treated: 4.2 (4.5); untreated: 3.0 (4.3);
p\0.0001]. The treated cohort also included
fewer females (treated: 33.3%; untreated:
38.5%; p = 0.0127). Significant differences were
also observed between the treated and
untreated cohorts with respect to index year
and region. Among patients in the treated
cohort, 32 (4.8%) were on a DAA treatment.

Treated patients had a lower cumulative risk
of having a work-loss event than untreated
patients at all points during the 4-year follow-
up period [HR (95% CI) 0.72 (0.61–0.86),
p = 0.0002; Fig. 1]. After adjusting for con-
founding factors, treated patients had a lower
hazard of work loss [HR (95% CI) 0.68
(0.55–0.85), p = 0.0006; Fig. 1]. In the multi-
variate Cox regression model, other factors
associated with increased hazard of work loss
included age, female sex higher overall burden
of disease (CCI), presence of cirrhosis, and more
days of medically-related absenteeism in the
baseline period (Table S2).

The potential reduction in work loss
attributable to HCV treatment (i.e., gap
between treated and untreated patients in the
work-loss KM curves) varied over time in the
3–10% range (Fig. S2). The mean work produc-
tivity value associated with HCV treatment was
$4511 (CI $2778–$6278) at 1 year post-index
and $21,429 (CI $12,733–$30,199) at 4 years
post-index (Fig. 2). This corresponded to an
average annual productivity benefit from HCV
treatment of $5357 per patient/year over the
4-year period.

DISCUSSION

The impact of HCV treatment on work pro-
ductivity has been incompletely characterized.
The present study addressed this knowledge gap
by estimating the economic value of HCV
treatment for employers and employees based
on differences in the risk of work loss between
treated and untreated patients with HCV
infection. In the present study, patients with
HCV who underwent treatment had a lower risk
of work loss compared to untreated patients
(adjusted HR 0.68) over a period of up to 4 years
of follow-up. This lower risk of work loss was
associated with a productivity value of $4511 at
1 year post-index and $21,429 at 4 years post
index.

Our findings suggest the potential for an
economic benefit of HCV treatment for both
employers and employees due to avoidance of
work-loss events and corresponding work pro-
ductivity gain among employed patients with
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HCV who received versus did not receive treat-
ment; this observation is consistent with the
findings of other studies. The estimated pro-
ductivity gain associated with HCV treatment
in the present study ($4511) is of a similar
magnitude to the productivity losses reported in
a 2012 patient survey for patients with
untreated HCV ($4847) [19]. Taken together,
these findings suggest that treatment may cor-
rect lost productivity in persons with HCV
infection rendering them similar to levels of
productivity observed in persons without HCV
infection. A caveat is that the latter findings
may have been subject to selection bias as par-
ticipants’ HCV status was determined through
survey methodology [19] rather than recorded
diagnoses as in the present study. The survey
[19] may also have been subject to confounding
effects due to uncontrolled differences between
persons with untreated HCV infection and

uninfected controls from the general
population.

In another US analysis, the achievement of
SVR with treatment was projected to translate
into an annual savings of $2.7 billion for the US
economy as a whole [18], or an average annual
savings of $1874 per patient/year [22]. In a
study of five European countries, the achieve-
ment of SVR with treatment was associated with
an average annual gain of 900 euros per
employed patient with HCV infection [22]. The
estimated average annual savings per patient/
year in both of these prior studies are lower than
the estimates from the current study ($5357 per
patient/year over 4 years). However, the results
of the current study are not directly comparable
to these previous estimates for several reasons.
First, the previous studies considered lost pro-
ductivity costs due to both absenteeism,
specifically absence from work due to medical
resource utilization, and presenteeism defined

Fig. 1 Time to first work loss in treated versus untreated
patients with HCV. *Hazard ratios were based on
regression analyses detailed in Supplementary Table 2.
�Adjusted for age, sex, region of residence, index year,

CCI, cirrhosis, and days and costs of medically-related
absenteeism in the baseline period (Supplementary
Table 2). CI confidence interval, HCV chronic hepatitis
C virus infection, HR hazard ratio
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as reduced productivity while at work [18, 22],
while the current study focused on patients’
first long-term work-loss event including leave
of absence, short- or long-term disability, and
early retirement. Second, both previous studies
estimated work productivity using the Activity
Index–Specific Health Problem instrument
[18, 22], while the current study assessed work
loss directly from the employer records,
reflecting the employer perspective with respect
to productivity. Finally, work productivity was
estimated among participants in HCV clinical
trials [18, 22], while the current study included
employees from select self-insured Fortune 500
companies in the US.

In addition to their economic implications,
the present study findings are relevant to the
clinical and humanistic burden of HCV disease.
Impaired work productivity is a factor associ-
ated with poorer health-related quality of life
among untreated HCV patients [19]. Patients
who respond to HCV treatment have higher
productivity and better quality of life compared
to those who do not achieve SVR [12]. Thus, the
added economic value of HCV treatment might

reinforce improved physical and emotional
well-being among patients.

It is important to note that the present study
may have underestimated the total productivity
value of HCV treatment due to its observation
period, which spanned from 1999 to 2017.
Before 2013, most HCV treatments were inter-
feron-based, whereas more effective and better
tolerated oral DAA-based regimens are the
standard of care today [5, 6, 9]. Given that only
5% of the treated patients in the present study
received interferon-free treatments, the findings
may not be fully generalizable to the present
population. However, any beneficial effects
observed for interferon-based therapies on work
loss are expected to hold or be even greater for
better-tolerated oral DAA therapies, which have
a superior efficacy and safety profile.

The present study analyzed time to the first
work-loss event, without accounting for the
total duration of the work-loss event, the risk of
subsequent work-loss events, or medically-re-
lated absenteeism post-index. To the extent that
absence of HCV treatment not only increases
the risk of a work-loss event but also lengthens

Fig. 2 Mean employer work productivity value associated
with HCV treatment; the value of avoiding a work-loss
event was inferred by applying the average salary at the
index date (converted into a daily salary) for the treated

cohort to the cumulative work-loss risk over the follow-up
period. CI confidence interval, HCV chronic hepatitis C
virus
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the periods of work loss and/or increases sus-
ceptibility to absenteeism or future work-loss
events, the present results could underestimate
the total productivity value of treatment.
Moreover, the primary outcome of the present
study is work loss and not absenteeism. Impor-
tant areas for future research may include the
impact of newer DAA treatments on the total
duration of work-loss events, the risk of subse-
quent events, absenteeism post-index, and dif-
ferent types of work loss (e.g., presenteeism) in
patients with HCV infection.

The present study was subject to certain
limitations inherent in observational studies.
One cannot rule out the impact of unmeasured
confounding variables, such as patient charac-
teristics that are not available in claims data-
bases. These studies are also susceptible to
information bias, including biases in reporting.
Work-loss data in the present study were reliant
on the reporting of work-loss events by various
employers, who may have had differing policies
governing access to leave of absence, disability,
and early retirement. This reporting bias may
have introduced unexplained variability into
the results, although it is expected to have
affected both treated and untreated cohorts
equally.

In the present analysis, the KM rate inputs
used to monetize the value of avoiding work
loss were not adjusted for baseline differences
between the treated and untreated cohorts.
Some differences were indeed observed at base-
line, including higher rates of cirrhosis, fewer
females, and more days of medically-related
absenteeism among patients in the treated
cohort. However, the unadjusted and adjusted
multivariate Cox proportional-hazards regres-
sions yielded similar hazards of work loss
(Fig. 1), suggesting that they were unlikely to
have confounded the KM rate inputs that were
used to monetize the value of avoiding work
loss.

There were also some limitations inherent in
the economic valuation approach adopted in
the present study. When calculating the cost
savings associated with treatment, an underly-
ing assumption is that mean annualized salary
at the index date remains constant throughout
the 4 years follow-up period. In reality, the

mean annualized salary varies over time due to
both temporal changes in earnings at popula-
tion level, as well as differences between the
patients with short and long follow-up in the
data (the former will not contribute to the
estimation in the later years of the data). Addi-
tionally, only one economic cost equivalent to a
patient’s salary was applied to all types of work-
loss events. However, from the employer per-
spective, the risk of absence from the workforce
may have different values depending on the
expected duration of the event (e.g., leave of
absence vs. disability).

Finally, it is worth considering that produc-
tivity loss costs may be perceived and accrued
differently by employed persons with HCV
infection relative to employers, or society at
large. The productivity value may be shared
between the employer and the employed HCV
patient, and may vary depending on the type of
work-loss event. From the patient perspective,
disability payments could compensate for a
portion of lost earnings, which may or may not
be paid by the employer depending on the type
of work loss. However, the employer would still
incur the lost productivity. We note that the
employed persons with HCV in the present
study were covered by large US-based self-in-
sured employers. Therefore, their average
annual salary was likely higher than that of the
general workforce. Applying the present eco-
nomic valuation approach to a lower-income
population could potentially reveal a reduced
economic burden associated with work loss due
to untreated HCV.

From a societal perspective, the achievement
of SVR may provide considerable benefits by
reducing the negative externalities associated
with HCV infection. Consistent with this, one
study projected that screening the entire US
population and treating all persons with HCV
infection would result in net cost savings for
society in the long term, with screening and
treatment costs fully offsetting the substantial
economic burden associated with untreated
HCV infection [23]. However, further work is
still needed to identify cost-effective strategies
for optimizing the continuum of care from
screening to treatment among employed per-
sons with HCV disease [24].
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CONCLUSIONS

In the present study, patients with HCV infec-
tion who underwent antiviral treatment had a
lower risk of work loss compared to those who
were not treated, which translated into an eco-
nomic benefit to employers and employees
from greater work productivity. These findings
suggest that some direct costs associated with
HCV treatment may be at least partially offset
by work productivity gains. We note that the
monetary value associated with HCV-related
work loss is substantial, and, after about 4 years,
it is comparable to the wholesale acquisition
cost of current, oral DAA regimens [25].
Employers should consider this productivity
value from HCV treatment an additional benefit
beyond the medical cost savings from reducing
hepatic and extrahepatic health risks to support
a robust economic rationale for adopting HCV
elimination strategies in their workplaces.
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