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ABSTRACT

ARTICLE HISTORY

Introduction: There is an increasing interest in the indirect (or non-healthcare) costs of hepatitis C virus
(HCV).
Areas covered: Systematic review of original studies on the non-healthcare costs of HCV published in
English or Spanish between January 2000 and March 2017. 19 studies addressing non-healthcare cost of
HCV were included in the analysis. All studies but one contain treatments with monotherapy or dual
therapy prior to the recent introduction of innovative and highly effective direct acting antivirals
(DAAs). Five studies estimate the incremental non-healthcare cost of HCV with a control group, which
is regarded as high-quality methodology. The incremental annual non-healthcare costs of HCV in
untreated patients compared with non-HCV patients are €4,209 in the US, and taking data from 5
European countries costs range from €280 in the UK to €659 in France.
Expert commentary: Available studies may be underestimating the true burden of non-healthcare
costs for HCV as they are all partial studies, mainly including absenteeism and premature mortality
estimates. Moreover, there is a need for studies addressing non-healthcare costs of HCV in settings
where new treatments with DAAs have been implemented, as they are probably changing the current
and future burden of the disease.
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1. Introduction
Hepatitis C virus (HCV) infection is the world’s leading cause of
liver disease. After infection, it is estimated that 15–45% of
patients will clear the virus spontaneously but 55–85% will
progress to chronic hepatitis C (CHC) [1]. CHC progresses to
cirrhosis, hepatocellular carcinoma (HCC), and end-stage liver
disease where the only treatment option is a liver transplant. It
is estimated that around 142 million people in the world were
affected by HCV in 2015, which represents a 18% increase from
2005 [2]. HCV is characterized by its heterogeneity in genotypes
and it disproportionately affects males [3]. Globally, HCV-related
diseases are responsible for 492.000 deaths per year [4].
Until 2011, dual therapy with peg-interferon and ribavirin
was the standard of care in HCV treatment. In 2011, first-generation direct-acting antivirals (DAAs) were launched (boceprevir and telaprevir) which substantially improved SVR rates [5]. In
2014, second-generation DAAs allowed a significant shift in
HCV treatment efficacy (>95%) and widened patient eligibility,
thanks to reduced toxicity and adverse events [6].
The main goal of new treatments with DAAs is to cure HCV.
This translates in achieving SVR, which stops disease progression and brings health improvements [7–12]. In 2016, the
World Health Organization estimated that more than a million
patients had been already treated with DAAs, specially in highincome countries [13].
Healthcare costs have merited prior attention in the economic
burden of HCV literature, especially in recent years [14–29]. In
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addition to healthcare costs, social costs also include productivity
losses due to premature deaths and work absenteeism or presenteeism (reduced productivity without absence from work),
costs of formal or informal care and other non-healthcare costs
[30]. There is no doubt on the paramount importance of productivity losses and premature mortality attributable to HCV. The
exclusion of productivity costs may substantially affect total costs
(or savings) of any HCV-related intervention [31].
To date, we found only one published systematic review of
the non-healthcare costs of HCV which considers the period
1985–2010 [32]. This review is limited to the USA and finds only
four studies published after the year 2000 [33–36]. Authors do
not report information on methodology in order to understand
variation in results. Even so, they conclude that in most studies
the non-healthcare cost was greater than the estimates of
healthcare costs. In an earlier nonsystematic review of the
economic burden of HCV [37] three studies including nonhealthcare costs are found [34,38,39]. These studies find that
around two-thirds of HCV costs can be attributed to indirect or
productivity costs. A systematic review on the economic burden
of chronic liver disease for the period 2004–2013 [40] identified
three studies estimating non-healthcare costs (two for the USA
and one for a group of European countries). Despite reporting
incomplete non-healthcare costs, premature mortality was the
main contributor to the social burden of HCV.
An analysis of the systematic reviews mentioned above
reveals a notable gap in our knowledge of the true social
cost of HCV. This work seeks to update more exhaustively
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and extensively the available knowledge on non-healthcare
costs of HCV with more recent cost-of-illness studies and
economic evaluations. We present an up-to-date systematic
review at an international level and analyze the methods used
in these studies.

2. Methods
This systematic review on the non-healthcare costs of HCV
covers the period from January 2000 to March 2017. The
following databases were searched: PubMed, York CRD database, Cochrane Library, EconLit, Index Medicus Español (IME)
and Índice Bibliográfico Español en Ciencias de la Salud
(IBECS). References in previous published reviews were also
reviewed, as well as Google Scholar. The search strategy in
PubMed used the following keyword combination: cost* OR
resource* OR economic* OR expenditure* OR informal care* OR
social cost* OR indirect cost* OR presenteeism* OR absenteeism*
OR productivity loss* AND hepatitis C. The same structure was
adapted to search the remaining databases.
We included cost-of-illness studies and economic evaluations published in English or Spanish, without any geographical restrictions. We reviewed titles and abstracts to exclude
articles published before 2000, nonhuman studies, those published in languages other than English and Spanish, non-original articles (review articles, editorials and opinion pieces or
letters, and papers on methodological aspects and texts not
published in scientific journals) and those not directly related
to HCV. A second exclusion was made by reviewing full texts
by two of the authors to exclude articles that did not constitute a cost-of-illness study or an economic evaluation of HCV,
and cost-of-illness studies and economic evaluations that did
not calculate non-healthcare costs.
Both the first and the second revision of articles were
reviewed by two of the authors independently and discrepancies were addressed with a full-text revision and resolved by
discussion.
All cost figures from the selected studies were adjusted and
converted to 2015 Euros by applying the GDP deflator [41]
and currency exchange rates [42]. When data for several
countries were reported, we computed the average of their
GDP deflators.

3. Results
The initial search yielded a total of 6077 articles and after 1001
duplicates 5076 titles and abstracts were reviewed. The first
exclusion yielded 1719 articles that underwent an independent
examination by two of the authors using full texts. In this second
revision, 1700 articles were excluded for not being a cost-ofillness study or not including non-healthcare costs, leaving 19
articles that were finally included in our analysis (Figure 1).

3.1. Synthesis of the literature
The main characteristics regarding context, population, method,
and non-healthcare costs in the 19 selected studies are summarized in Table 1. We found ten studies from the USA [34–36,39,43–
48], two from a group of five European Union countries (France,

Figure 1. Flow diagram of the literature search.

Germany, Italy, Spain. and the UK) [49,50], and the rest from
Australia [51], Iran [52], Italy [53], South Korea [54], Spain [55],
Switzerland [38], and the UK [56]. Six of them were published
between 2000 and 2009 [34,35,38,39,45,51], five between 2010
and 2014 [36,43,44,49,56], and the remaining eight were published between 2015 and March 2017 [46–48,50,52–55].
Eight studies only include adult populations [34,43,44,46–
49,51], seven more include adults and minors
[38,39,45,50,52,54,56], and four studies do not specify the
age of the population included [35,36,53,55]. With regard to
the labor market participation of the population, only in ten
studies the working labor force is included [36,43,46–51,55,56],
in five both the active and the inactive population are
included [38,39,44,52,53] and in the remaining studies the
employment status is not specified [34,35,45,54].
The societal perspective is used in 16 studies, two studies
restrict the perspective to that of the employer [43,48] and
another uses that of a private payer [47]. The prevalence
epidemiological approach used to estimate the non-healthcare costs of HCV is applied in 17 studies, while the studies for
Australia [51] and Italy [53] use the incidence approach.
The selected studies can also be distinguished depending
on the type of cost measurement they use: six studies (32%)
do not estimate the cost attributable solely to HCV, but rather
the total non-healthcare cost of HCV patients [43,46,50,52–54].
This means they may include non-healthcare costs that cannot
always be attributed directly to HCV but rather to other diseases or health problems suffered by patients with HCV.
Neither of these studies includes a control group with an
HCV-free population to estimate the incremental cost of the
illness. The other 13 studies estimate the incremental cost
attributable to HCV. Of these 11 studies, 8 estimate the incremental cost of HCV directly without a control group
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Table 1. Main characteristics of the selected studies.
Type of variable
CONTEXT

Variable
Country

Year of publication

POPULATION

Age group
Activity group

METHOD

Perspective
Epidemiological focus
Cost analysis

COST MEASUREMENT AND
VALUATION

Number of
articles

Percentage

United States
5 European countries
Australia
Iran
Italy
South Korea
Spain
Switzerland
United Kingdom
2000–2004
2005–2009
2010–2014
2015–2017
Only adultsa
Adults and minors
Not specified
Active
Active + Inactive
Not specified
Society
Employer
Private payer
Prevalence
Incidence
Total cost per patient
Incremental cost without control
group
Incremental cost with control
group
Labor losses due to absence
from work
Labor losses due to
presenteeism
Lost leisure time
Premature deaths
Formal care
Informal care
Disability
Human capital approach

10
2
1
1
1
1
1
1
1
5
1
5
8
8
7
4
10
5
4
16
2
1
16
2
6
8

53
11
5
5
5
5
5
5
5
26
5
26
42
42
37
21
53
26
21
84
11
5
89
11
32
42

5

26

18

95

6

32

2
8
1
2
3
19

11
42
5
11
16
100

Per patient
National annual total

11
12

58
63

Characteristic

Non-healthcare costs

Valuation method non-healthcare costs
(labor losses)
Measurement of aggregate costs
a

Adults are considered as being 18 years and older.

[34,35,38,39,45,51,55,56]. This is done by attributing the measure of each of the resources used by the patients to the
disease (sum of resources considered as being specific to a
diagnosis of HCV). The authors rule out the consumption of
resources that, according to some criterion, are considered not
to correspond to this disease. The five remaining studies (26%)
estimate the incremental cost of HCV on the basis of resource
consumption corresponding to a group of HCV patients and a
control group comprising patients without this disease
[36,44,47–49]. The cost-of-illness studies that use a control
group are of two types: those that employ a regression
model to estimate the incremental effect of HCV and those
that calculate the mean difference between a group with HCV
and another peer group (matched control) without the disease
[57]. Studies that use regression models can either identify
patients with a diagnosis of HCV and then use the coefficients
estimated in the regression to estimate the incremental cost of
HCV or else build a matched control and then estimate the
individual coefficients for HCV. The latter method is considered the gold standard [57] among cost-of-illness studies.

Two studies [47,49] employ the matched control method,
estimating the incremental cost of hepatitis C as the mean difference between the two groups. The other three studies [36,44,48]
are from the USA and combine the identification of a matched
cohort with the regression and get the best estimate of the
incremental cost of HCV.
Non-healthcare costs due to absenteeism (labor losses
caused by absence from work) are included in all the
selected studies except one [55], while only six studies
[34,44,46,49,50,56] include presenteeism-related costs
(lower productivity without absence from work) and only
two studies [34,45] include the valuation of lost leisure time.
Eight studies [34,38,39,45,51,54–56] include the cost of premature deaths. Two studies include formal care costs [54,58]
and one of them also includes informal care costs [54].
Three studies include disability costs [47–49]. Other nonhealthcare costs (missed school days, private transport,
etc.) are not included in any of the selected studies. The
human capital approach for assessing productivity losses
was used in all studies.

Incremental
cost of
HCV

Vietri et al.
(2013)
Younossi
et al.
(2015)
El Khoury
et al
(2012)
Vietri et al
(2013)
Younossi
et al
(2016)
Younossi
et al
(2016)
Younossi
et al
(2016)
Younossi
et al
(2016)
Younossi
et al
(2016)

5 EU countries

US

5 EU countries

Germany

UK

Italy

Spain

France

US

El Khoury
et al.
(2012)

Country

Author
(year of
publication)
Brook et al.
(2011)

US

Cost
Study population measurement
WITHOUT
Total cost of US
TREATMENT
HCV
patient

2013

2013

2013

2013

Society

Society

Society

Society

Society

X

X

X

X

X

753

Society

2010

2013

1035

1151

1364

2053

Society

Society

Society

Society

2010

2013

2010

2010

Study period
2004

X

X

X

X

X

2170

3688

3419

5398

7999

–

–

–
–

–

–
–
–
–
–

–

–
–

–

–
–
–
–
–

Premature
mortality
–

–

Labor losses Labor losses
Lost
due to
due to
leisure
Perspective absenteeism presenteeism time
Employer
1358
–
–

Estimated costs per patient by component

Table 2. Summary of characteristics and results of the estimation of non-healthcare costs per HCV patient (in euros patient/year, 2015).

–

–

–

–

–

–

–

–

–

–

Other
costs
–

280

379

402

659

464

2922

4723

4570

6761

10,052

Labor
losses
(Human
capital
method)
1358

Estimated
total cost
per
patient

–

–

–

–

–

6.50

0.65

–

6.87

0.45

Nonhealthcare
costs/
healthcare
costs
–

(Continued )

306 Untreated HCV
patients. Costs
adjusted using
regression
models.
65 Untreated
(treatment-naïve)
employees with
HCV.
629 Untreated HCV
patients.

Sample
size
group
with
HCV
Observations
1223 Employees with
chronic HCV.
Costs adjusted
for
socioeconomic
and health
characteristics.
306 Untreated HCV
patients. Costs
adjusted using
regression
models.
65 Untreated
(treatment-naïve)
employees with
HCV.
N/A Employees with
chronic HCV.
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Incremental
cost of
HCV

Total cost of
HCV
patient

Vietri et al.
(2013)
Baran et al.
(2015)
Su et al.
(2010)

Tandon
et al.
(2015)
Vietri et al.
(2013)

5 EU countries

US

5 EU countries

US

US

Su et al.
(2010)

US

Italy

Brook et al.
(2011)
Shon et al.
(2016)
Zare et al.
(2016)
Marcellusi
et al.
(2015)

Author
(year of
publication)

2010

2001–11

2001–07

2001–13

2010

2001–07

2013

2015

2008–11

2004

Study period

Society

Private
payer

Society

828

73

497

X

2149

Society
Employer

1443

X

X

X

1739

Society

Society

Society

Society

Employer

–

–
–

–

–

–
–
–

–
–

–

–

5791
–
–

–
2315

–

–

–

–

–

X

–

X

–

–

–

–

Premature
mortality

–

Labor losses Labor losses
Lost
due to
due to
leisure
Perspective absenteeism presenteeism time

Estimated costs per patient by component

HCV: hepatitis C virus; N/A: not applicable (simulation model).
The total cost may not coincide with the sum of the components when the two have been estimated independently using regression models.

WITH AND
WITHOUT
TREATMENT

Iran

South Korea

WITH TREATMENT Total cost of
HCV
patient

US

Country

Cost
Study population measurement

Table 2. (Continued).

–

324

–

X

–

–

–

X

X

–

Other
costs

3116

396

675 –
3316
497

7940

1443

2678–
27,083

5616

734

1739

Labor
losses
(Human
capital
method)

Estimated
total cost
per
patient

5.97

0.09

0.06

0.03–0.13

6.57

0.13

–

1.18

0.72

–

Nonhealthcare
costs/
healthcare
costs

Observations

138 Employees with
HCV.

441 Employees with
chronic HCV.
48,704 Treated patients
with HCV.
200 Treated patients
with HCV.
296,131 Treated and
untreated
patients with
HCV.
1494 Employees with
HCV. Costs
adjusted for
socioeconomic
and health
characteristics.
138 Employees with
HCV.
1386 Employees with
HCV.
1494 Employees with
HCV. Costs
adjusted for
socioeconomic
and health
characteristics.
2532 Employees with
HCV.

Sample
size
group
with
HCV
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In the following sections, the results of the selected studies
are discussed separately per non-healthcare HCV cost result
type: per-patient or aggregate (national/population) estimates.

3.2. Non-healthcare costs per patient
Table 2 summarizes the characteristics of 11 studies in this
review that estimate the total non-healthcare cost and/or the
incremental non-healthcare cost of HCV per patient for a
treated or untreated population with HCV [36,43,44,46–
50,53,54,58]. They all estimate absenteeism costs using the
human capital method, but three of them quantify the transfers or subsidies due to absenteeism borne by the employer or
insurer [43,47,48]. Four studies [44,46,49,50] estimate the
impact of presenteeism, one includes premature mortality
costs and formal/informal care [54]. Informal care is also
included in another study [58] and disability costs are included
in three of them [36,47,48]. Thus, the selected literature on the
costs per patient does not include complete estimates of the
true non-healthcare costs of HCV. Only absenteeism is
included in these studies.
For untreated HCV patients, the annual cost per patient
considering studies which include both absenteeism and presenteeism estimates ranges from €4570 [46] to €10,052 [44].
Of these costs, the cost due to absenteeism is estimated to
range from €1151 [46] to €2053 [44] per year in the USA and is
€1151 in a study for five European countries [49]. The costs of
presenteeism range from €3419 [46] to €7999 [44] in the USA,
and are €5398 in EU countries [49]. To calculate presenteeism
costs, the Work Productivity and Activity Impairment questionnaire [59] is mostly used and the method presented by
Lofland et al. [60], assuming that the value of the weekly
productivity loss for presenteeism is a percentage of lost
work when work was attended, is applied. For this type of
patient (untreated), three studies calculate the incremental
cost of HCV, and are therefore considered to be of higher
quality. They estimate a total cost ranging from €280 to
€2922 in European countries [49,50] and of €4723 for the
USA [44]. In these studies, the same pattern as in the nonincremental type of studies is found, with presenteeism costs
more than doubling the costs of absenteeism.
For treated HCV patients, no available study considers the
incremental non-healthcare cost per patient. Three studies report
a total cost per HCV patient of €1739 [43] in the USA (only
includes absenteeism), €734 [54] in South Korea (includes absenteeism, premature mortality and caregiver costs), and €5616 [58]
in Iran (includes absenteeism and caregiver costs).
Studies which do not differentiate between treated and
untreated patients, total cost per HCV patient is found to be
€1443 in the USA [36], €7940 in selected EU countries [49] and
between €2678 and €27,083 in Italy (this study calculates
indirect costs per disease stage: CHC, cirrhosis, HCC and
death). One of them differentiates between absenteeism
(€2149) and presenteeism (€5791) costs [49]. The incremental
per patient costs of HCV range from €396 (including absenteeism and disability costs) and €497 [36] (including only absenteeism) in the USA, to €3116 (including absenteeism and
presenteeism) for 5 EU countries [49] and €3316 (including
absenteeism and disability) in the USA [48]. Only one of them

distinguishes between costs arising from absenteeism and
presenteeism: €814 and €2277, respectively [49]. These estimates point to the pattern seen in other studies, whereby the
costs of presenteeism more than double those of absenteeism.
The studies that show cost results per patient and those
that present the incremental cost are alike in having highly
diverse results regarding the relative importance of nonhealthcare costs versus healthcare costs. The eight studies
that calculate both types of costs [36,44,47–49,52–54] indicate
that non-healthcare costs can be 0.03 [48] to 6.87 [49] times
healthcare costs. However, the type of costs included in each
ratio’s numerator (non-healthcare costs) and denominator
(healthcare costs) influences its interpretation. The studies by
Su et al. [36], El Khoury et al. [44], Shon et al. [54], Tandon et al.
[47], and Baran et al. [48] present much lower estimates of
non-healthcare costs than for healthcare costs for the USA and
South Korea. Su et al. [36] include absenteeism in non-healthcare costs and healthcare and prescription drug costs as direct
costs. The study by El Khoury et al. [44] includes the cost of
presenteeism within the non-healthcare costs and the totality
of the healthcare costs (hospitalizations, emergency visits,
doctor visits), although it only refers to patients who have
been diagnosed with HCV but have not yet been treated.
Shon et al. [54] include all direct medical costs and absenteeism, caregiver and premature mortality in the non-healthcare
costs. Tandon et al. [47] and Baran et al. [48] include all direct
medical costs and absenteeism and disability as non-healthcare costs. On the contrary, Vietri et al. [49] report non-healthcare cost as being several times higher than that of healthcare
cost, both for diagnosed patients who have not yet started
treatment and for patients receiving treatment. This may be
explained by the fact that drug costs are not included in
healthcare costs (only physician visits, emergency room visits,
and hospitalizations) and also that they do include presenteeism costs in the non-healthcare costs.
Variation in non-healthcare costs per patient has only been
addressed in five studies. These costs are greater for the working-age male population [54]. Disease severity is the most
studied variable for assessing non-healthcare costsvariation
[47,48,52,53], but the results of these studies are not comparable since they use different classifications of severity.
Nonetheless, these studies share that non-healthcare costs
are increasing in disease severity and that this increase is not
as pronounced as with healthcare costs.

3.3. Population non-healthcare costs
Table 3 summarizes the characteristics of the eleven studies
estimating the total population cost [34,35,38,39,45,50,51,53–
56]. Eight of them provide a general estimate of the incremental non-healthcare cost of HCV for a country (or region)
without a control group and three of them report the total
non-healthcare costs for patients with HCV [50,53,54]. These
studies mainly include the costs arising from work absenteeism and premature deaths.
Total non-healthcare costs of patients with HCV range from
€26.6 million to €190.5 million in a study for five EU countries
[50] (it includes absenteeism and presenteeism costs). Total

Patruni and
Nolte
(2013)

South
Shon et al.
Korea
(2016)
Switzerland Sagmeister
et al.
(2002)
Germany
Younossi
et al.
(2016)
France
Younossi
et al.
(2016)
Spain
Younossi
et al.
(2016)

UK

UK

US

US

US

US

Spain

Wong et al.
(2000)
Patruni and
Nolte
(2013)

OlivaMoreno
et al.
(2015)
OlivaMoreno
et al.
(2015)]
Leigh et al.
(2001)
Ruhl et al.
(2008)
Sandler
et al.
(2002)

Spain

Italy

Shiell and
Law
(2001)
Marcellusi
et al.
(2015)

Australia

Country

Author (year
of
publication)

Society

Society

Society

Society

Society

1998

2013

2013

2013

Society

Society

Society

Society

Society

Society

Society

Society

Society

Society

6676.7d
30.3 (14.4–59.7)

108.4 (47.4–208.0)

657.4
x
–

–
–

–

–

x
–
–

–

–

3969.9a

63.8

2623.9d

x

x

x

25.6

x

–
–
–

–
–
–

x

x

x

x

–

–

x

–

–

1865.6

x

178.8 (144.8–237.1)c

245.0 (194.5–336.2)c

–

271.8 (101.2–560.5)

212.6 (98.6–431.0)

x

–

–

–

–

x

–

–

13.5 (35.1b)

x

1.8

–

Premature mortality

–

Labor losses Labor losses
Lost
due to
due to
leisure
Perspective absenteeism presenteeism time

2008–11

2015

1995

2010–19

1996–98

2004

1997

2011

2007

2013

1998

Study
period

Costs valued

–

4627.3 (3552.6–5689.3)c

–

–

–

–

–

–

x

–

–

–

–

97.4 (77.9)e

73.4 (58.8)e

53.8 (43.3)e

–

85.2

380.3 (148.6–768.4)

242.8(113.0–490.0)

9300.6d

–

1973.9

–

–

-

652.8 (374.9–1006.6)

15.0 (38.9b)

–
–

Labor losses (Human
capital method)

Other
costs

Estimated total population
cost

Table 3. Summary of characteristics and results of the estimation of annual population HCV non-healthcare costs (in million euros, 2015).

Sensitivity analysis

–

Earnings

Earnings

Earnings

–
–

–

Incidence, earnings,
percentage under
treatment, discount
rate
Incidence, earnings,
percentage under
treatment, discount
rate
–

–

–

Attributable fraction,
discount rate,
productivity growth
rate
Attributable fraction,
discount rate,
productivity growth
rate
Mortality, morbidity
and earnings
–

One way to all
parameters

Discount rate

–

0.72

–

–

–

–

1.67

2.03

–

–

1.54

–

NonhealtHCVare
costs/
healtHCVare
costs

Observations

–

–

–

–

–

(Continued )

Discount rate of
3.5%

Discount rate of
3.5%

Discount rate of
4%
Cost of CHCV by
time dedicated
to healtHCVare
use
–

-

Discount rate of
3%

HCVV prevalence
was the most
significant
parameter
Discount rate of
3%

Discount rate of
5%
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–
Earnings
–
26.6 (21.3)e
–

b

a

UK

Country
Italy

CHC: chronic hepatitis C. x: costs included but without cost information by component.
Includes costs of presenteeism and premature mortality.
Cost estimate without applying discount rate.
c
Lower and upper bounds in the sensitivity analysis.
d
Annual mean for the study period.
e
Sensitivity analysis assuming a 20% reduction in earning of HCV patients.

–
–
x
x
Society
2013

Labor losses (Human
capital method)
190.5 (152.4)e
Premature mortality
–
Labor losses Labor losses
Lost
due to
due to
leisure
Perspective absenteeism presenteeism time
Society
x
x
–

Author (year
of
publication)
Younossi
et al.
(2016)
Younossi
et al.
(2016)

Study
period
2013

Costs valued

Other
costs
–

Estimated total population
cost

NonhealtHCVare
costs/
healtHCVare
costs
–

Sensitivity analysis
Earnings

–

Observations

N. PASCUAL-ARGENTE ET AL.

Table 3. (Continued).
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costs of €85.2 million are estimated in South Korea [54]
(including absenteeism, premature mortality and caregiver
costs) and the highest estimate of €652.8 million is found for
Italy [53],
When estimating the aggregate incremental cost (without a
control group), seven studies [34,35,38,39,45,51,56] include
the costs resulting from absenteeism. Another seven studies
[34,38,39,45,51,55,56] consider in some way the indirect costs
of premature mortality. Only two [34,45] consider the cost of
lost leisure time.
The annual incremental non-healthcare costs are €15.0
million (€38.9 million without applying a discount rate) in
Australia [51], of which €1.8 million is due to absenteeism
and €13.5 million (€35.1 million without applying a discount
rate) are attributed to premature mortality. The study for Spain
[55] only estimates the cost of premature deaths to be €245.0
million in 2007 and €178.8 million in 2011. In the USA, the
estimates range from €1973.9 million [45] to €9300.6 million
[39]. Of these costs, between €63.8 million [35] and €3969.9
million [34] are attributed to absenteeism, between €1865.6
million [45] and €6676.7 million [39] to premature mortality,
and €657.4 million [34] is the only estimate for lost leisure
time. In the UK, costs amount to an annual total of €242.8
million in 1995, of which €212.6 million are attributed to
absenteeism plus presenteeism and €30.3 million is due to
premature deaths. In 2015, the estimate rises to a total incremental €380.3 million, of which €271.8 million are attributed
to absenteeism plus presenteeism, and €108.4 million to premature deaths. In a study for Switzerland [38], only differentiated data for the incremental non-healthcare cost of HCV
associated with absenteeism, is reported and stands at €25.6
million.
The premature mortality attributable to HCV cannot be
calculated directly from records of cause of death, as HCV is
usually recorded as the cause of death only in deaths due to
CHC. Even so, a fraction of deaths due to cirrhosis, HCC and
HIV are attributable to HCV [61], so it is essential to perform
estimates of the attributable fraction. The nine studies that
estimate the cost of premature mortality [34,38,39,45,51,53–
56] present major differences in the selection of HCV-related
causes of death and do not always report in the risks attributable to HCV (see Table 4). Only three studies [34,39,55] provide information on the fraction of deaths attributable to each
of the causes associated with HCV.
Within this group of studies, four studies also calculate
healthcare costs. Two for the USA [34,45] indicate that nonhealthcare costs are between 1.67 [45] and 2.03 [34] times
higher than healthcare costs. In Italy [53], this figure is lower
(1.54) and the study for South Korea reports a lower weight for
non-healthcare costs than for healthcare costs (0.72) [54].
Estimates of HCV-related mortality and morbidity at population level face notoriously high uncertainty, which affects the
cost-of-illness estimation. Even so, only six studies take into
account this variability by means of sensitivity analysis (see
Table 3). The most complete studies consider variations in the
attributable fraction, the discount rate and the productivity
growth rate [55] or the impact of uncertainty in incidence,
earnings, percentage of the population under treatment and
discount rate [34,53,55,56].
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Table 4. Attributable risk fractions (%) in the estimation of premature mortality due to HCV.
Study
Oliva-Moreno et al. (2015)
Leigh et al. (2001)
Wong et al. (2000)

Country/study period
Spain/2007–11
US/1997
US/2010–19

Cirrhosis
40 (35–50)
30
36–42

Hepatocellular carcinoma
60 (50–70)
30
33

HIV/AIDS
15 (10–20)
–
–

Other liver diseases
60 (50–70)
100
36–41

Only showing studies reporting them.

4. Conclusion
This review found a growing improvement in the number and
quality of the studies addressing the non-healthcare cost of
HCV. This systematic review has found 19 studies published in
2000–2017 which estimate the non-healthcare cost of HCV. In
spite of the heterogeneity of the estimates and the criteria
used in the various studies, there are some notable coincidences with regard to the relative and absolute importance of
the non-healthcare cost of HCV.
The incremental non-healthcare cost of HCV in untreated
patients compared to HCV-free individuals exceeds €4000 per
patient for US estimates and stands between €280 and almost
€3000 for European estimates. In all the studies estimating the
cost per patient of presenteeism (the cost due to productivity
loss without absence from work), it more than doubles that of
absenteeism. Premature mortality due to HCV may constitute
its main non-healthcare cost, at least when the costs of presenteeism are not taken into account. When the costs of
presenteeism are included alongside those of absenteeism,
the relative importance of the cost of premature mortality
within non-healthcare costs may decrease. It is noteworthy
to note that in the period reviewed, no estimate of the complete non-healthcare cost of HCV has been published to date.
Evidence of high methodological quality for the incremental
non-healthcare cost of HCV remains limited.

5. Expert commentary
The present article updates and expands the only systematic
literature review of the non-healthcare cost of HCV published
during the last decade, which only included the USA and
covered the period up to 2010 [32]. Despite the progressive
increase in the number of articles published, this analysis
found some limitations arising from the methodology and
design of these studies.
First, different population characteristics are found: age and
work status, level of severity, treatment of HCV, and length of
observation period. We found five studies reporting nonhealthcare costs by disease severity, age or gender
[47,48,52–54]. Studies on HCV healthcare costs have found
age, disease severity, body mass index, gender, SVR achievement, and METAVIR score to be good predictors of these costs
[17,25,62–64]. Work impairment has also been found to be
most affected by both patient reported outcomes (energy,
well-being, worry) and clinical aspects (cirrhosis, anxiety,
depression, fatigue) [65]. Therefore, in order to understand
the different estimates of non-healthcare costs, one must
control for the population-of-study characteristics.
Differences in study design (counterfactual choice, epidemiological focus), identification approach, and resource

assessment (non-healthcare costs included, and method of
assessing non-healthcare resources) were also identified. On
the one hand, the level of detail when reporting non-healthcare costs could be improved, although this problem does not
only affect HCV cost-of-illness studies [31]. On the other hand,
the counterfactual of the study determines whether the final
result is the total cost of the HCV patients – including any nonhealthcare cost regardless of its relation to HCV – or the cost
of the HCV itself (incremental cost of the disease) [66]. In the
former, the study will not be a cost-of-illness study as such but
rather a study of the cost of the patients with this disease,
together with other health problems that may or may not be
associated with HCV. In the absence of a counterfactual (i.e.
there is none or it has not been made explicit), it will not be
possible to establish the incremental cost of HCV in relation to
the HCV-free population. In the latter, studies that use a control group with an HCV-free population as a counterfactual,
estimate the incremental cost generated by the disease in
comparison with its absence, either by comparing averages
(matched control) or by means of some type of multiple
regression analysis that makes it possible to estimate the
additional or incremental contribution to the healthcare and
non-healthcare cost involved in a diagnosis of HCV.
Eight of the twelve incremental cost studies do not explicitly use any control group to estimate the incremental cost
[34,35,38,39,45,51,55,56]. Instead, they only measure the differential consumption of resources directly attributable to
HCV. This method is less precise than explicitly using two
population groups – an intervention group with HCV and a
control group without HCV. This method calls for very precise information systems enabling the researcher to appropriately identify the reason for each non-healthcare cost
incurred by patients. However, in these studies, a clear and
transparent criteria for attributing absenteeism and presenteeism to HCV was not found, which represents a notable
limitation to the validity of the estimates. Estimates of the
incremental non-healthcare cost of HCV are more precise
when they come from studies with a control group, which
afford the possibility of using statistical significance tests
and confidence intervals of the estimates of incremental
costs per person. In this review we found five studies of
this type, all of them published after 2010: four from the
USA [36,44,47,48] and only one of them for EU countries
[49]. This fact may indicate a temporal trend toward a
methodological improvement in the quality of evidence on
the cost of HCV.
In some of the studies of the cost of HCV per patient, the
number of individuals included in the control group is small
[44,49]. This threatens the validity of the results, which may
vary substantially depending on the social and healthcare
characteristics of the patients selected. With regard to studies
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on the general cost of HCV, in most studies the absence of a
suitable sensitivity analysis providing an insight into the
impact of uncertainty about the morbidity and mortality of
HCV patients and the valuation of their paid and unpaid time
on the base-case estimates represents an even more serious
limitation.
Last, it is essential to highlight the limitation imposed by
the fact that all of the studies but one correspond to a time
prior to the market entry of innovative, highly effective, highcost drugs (DDAs) which may cause substantial changes in
both healthcare and non-healthcare costs. Yet, studies
included in this review may give an idea on the potential of
DAAs in reducing non-healthcare costs of HCV. In fact, cost
estimation before new DAAs represents the maximum indirect
benefit than could be expected from DAAs and also the
excluded potential benefits when, as is usual, indirect costs
are not included in their cost-effectiveness analyses.

● Future studies should focus in assessing incremental nonhealthcare costs of HCV using a control group with data for
new DAAs.
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