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ABSTRACT

Introduction: In light of the lack of an agreed
international standard for how to conduct cost-
effectiveness analyses (CEAs), including
cost–utility analyses (CUAs) from a societal
perspective, there is uncertainty regarding to
what extent the inclusion of productivity los-
ses/gains in economic evaluations can affect
cost-effectiveness results and subsequently
decisions on whether to recommend new
health technologies. To investigate this, we
conducted a systematic review of CEAs and
CUAs of drug-based therapies for a set of
chronic immune-mediated disorders to

understand how cost elements and calculation
methods related to productivity losses/gains are
used, examine the impact on the incremental
cost-effectiveness ratio (ICER) of including pro-
ductivity costs, and explore factors that affect
the inclusion of productivity loss.
Methods: Databases (MEDLINE� In-process,
MEDLINE, Embase and Cochrane Library) were
searched from January 2010 to October 2020 by
two independent reviewers for all CEAs and
CUAs in adults with any of the following con-
ditions: ankylosing spondylitis, chronic idio-
pathic urticaria, Crohn’s disease, fibromyalgia,
juvenile idiopathic arthritis, psoriasis, rheuma-
toid arthritis, systemic lupus erythematosus and
ulcerative colitis. Relevant study data were
extracted and evidence was synthesized for both
qualitative and quantitative analysis. Produc-
tivity cost elements including absenteeism,
presenteeism, unemployment/early retirement,
premature mortality and informal care were
extracted, along with the method used to
determine them. A multivariate analysis was
performed to identify factors associated with
the inclusion of productivity loss.
Results: Our searches identified 5016 records,
culminating in 198 unique studies from 234
publications following screening. Most of the
studies investigated rheumatoid arthritis
(37.0%) or psoriasis (32.0%). The majority were
CUAs, with some including both a CEA and a
CUA (73.0%). Most studies used a payer per-
spective only (28.5%) or a societal perspective
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only (21.0%). Of the 49 studies incorporating
productivity losses/gains, 42 reported the type
of cost element used; all of these used patient
absenteeism, either alone or in addition with
other elements. Only 16 studies reported the
method used to value productivity changes, of
which eight used a human capital approach,
four used a friction cost approach and four used
both approaches. Twenty-eight of the 49 studies
(57.1%) reported inclusion of productivity los-
ses/gains as contributing to more favourable
cost-effectiveness outcomes and ICERs, while 12
(24.5%) reported no substantial impact. On the
basis of a multivariate analysis, rheumatoid
arthritis as the target disease had a statistically
significant association with the inclusion of
productivity loss compared with psoriasis and
inflammatory bowel disease.
Conclusions: The results of our review suggest
that incorporating productivity cost elements
may positively affect cost-effectiveness out-
comes in evaluations of therapeutics for
immune-mediated disorders. Our work high-
lights the continued need for clarity when
reporting how CEAs and CUAs in this disease
area are conducted, in order to better inform
healthcare decision-making.

Keywords: Cost-effectiveness analysis; Cost-
utility analysis; Productivity loss; Systematic
literature review; Rheumatoid arthritis;
Psoriasis; Indirect cost; Health technology
assessment

Key Summary Points

There are differences regarding to what
extent productivity losses/gains are
included in CEAs including CUAs.

Most of the CEAs/CUAs in immune-
mediated disorders identified were
conducted in rheumatoid arthritis or
psoriasis. Most of the studies that
included productivity loss were conducted
in the Netherlands, followed by the US
and Sweden.

For diseases where the impact of
productivity loss is already widely
reported, such as rheumatoid arthritis,
many CEAs incorporate productivity loss.

For CEAs of drugs for immune-mediated
disorders that incorporate productivity
losses and gains into the analysis, the
results are typically favourable with
respect to the cost-effectiveness of the
drug being analysed.

INTRODUCTION

The continued innovation and expansion of the
number of available medical technologies cou-
pled with the scarcity of healthcare resources
has led to the growth of health technology
assessment (HTA) to guide resource allocation
and inform policy decision-making [1, 2]. With
the support of organizations such as the World
Health Organization (WHO), the International
Network of Agencies for Health Technology
Assessment (INAHTA) and Health Technology
Assessment international (HTAi), more coun-
tries now appraise technologies in terms of their
value for money as well as their potential clin-
ical impact [2–6]. A key component of many
HTA systems is cost-effectiveness analysis
(CEA), in which the change in health outcomes
and the costs associated with the introduction
of treatments are estimated. A specific kind of
CEA, cost–utility analysis (CUA), determines the
gain or loss of quality-adjusted life years
(QALYs) that results from introducing a medical
intervention and the increase (or decrease) in
associated costs [7].

The way in which CEAs and CUAs are per-
formed varies according to the analytical per-
spective taken. Countries often have their own
guidelines and/or guidance for conducting
CEAs and CUAs, and CEAs conducted as part of
HTA tend to differ as a result. In Australia,
Canada, France, Japan and the United Kingdom
(UK), the guidelines recommend carrying out
analyses from healthcare or public payer
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perspectives [8–12], with the focus being on
costs directly attributable to the introduction of
an intervention such as treatment, administra-
tion, hospitalization and outpatient costs, as
well as costs of national healthcare and insur-
ance programmes. Countries such as Denmark,
the Netherlands and Sweden recommend anal-
yses that take a societal perspective, which
includes both direct and indirect (e.g. produc-
tivity loss) costs—that is, they aim to account
for the impact of a disease on the wider society
[13–15]. Such a perspective can also be recom-
mended in Australia, Canada, France, the UK
and the United States (US), albeit as a secondary
analysis to the baseline healthcare or public
payer perspective analysis [8–10, 12, 16].
Countries that recommend a societal perspec-
tive in HTA have adopted a variety of approa-
ches to conducting economic analyses such as
CEA and CUA. Parameters often used include
absenteeism, which refers to the productivity
lost as a result of taking leave because of illness,
and presenteeism, where productivity is lost
while at work as a result of illness [17]. Two
methods often specified in HTA guidelines to
calculate the value of productivity costs include
(1) the human capital approach, in which the
amount of time lost is multiplied by the
amount that would have been paid; and (2) the
friction cost approach, where the amount of
time taken to find and train a replacement in
the patient’s absence is multiplied by the
patient’s adjusted gross wage
[7, 9, 11, 14, 18, 19]. When it comes to CEAs
and CUAs conducted on the basis of academic
research, there are rarely distinct guidelines for
each country; rather, they are often conducted
with reference to published books and check-
lists [7, 20, 21].

As shown by this variation, the decision on
whether and, if so, how to account for produc-
tivity effects and other indirect costs in eco-
nomic evaluations has been the topic of much
debate and remains a contentious issue
[7, 22, 23]. Despite this, there is a lack of clear
understanding of how incorporating such
parameters affects the output of these analy-
ses—specifically, the incremental cost-effec-
tiveness ratio (ICER). Nor is there clarity on the
reasoning behind the choice of perspectives

taken in many countries’ healthcare systems.
Some studies have suggested that taking pro-
ductivity losses/gains into account leads to
ICER values either greater or smaller than if they
were left out [24–26], suggesting that the choice
of whether to include indirect costs can have an
impact on healthcare decision-making.

To investigate the effect of including pro-
ductivity losses and gains on the outcomes of
economic evaluations, we previously conducted
a systematic literature review (SLR) of all CEAs
and CUAs of drug-based treatments that incor-
porated indirect costs [27]. We found that gen-
erally, CEAs and CUAs in which productivity
losses were considered led to more favourable
ICERs for the treatment of interest than those
that did not include these cost elements. Our
exhaustive review of the use of productivity
losses/gains allowed for a detailed analysis of
the various cost elements used across different
disease areas. However, while a large number of
studies were identified, the quality of reporting
in the studies had a bearing on its findings. A
review of economic evaluations in a specific
disease area, coupled with an investigation of
those evaluations that account for indirect costs
compared with those using only direct costs (i.e.
conducted from a payer perspective only), could
provide more insight into the potential for
productivity losses/gains in CEAs to lead
to lower or higher ICERs.

In our previous review, we found that
immunology was the most common focus of
CEAs of drug-based treatments involving indi-
rect costs. Approximately one in four (26%) of
the included articles assessed immunology, the
highest proportion [27]. Rheumatoid arthritis,
the disease most often reported among these
studies, is a debilitating condition that causes
pain in the joints of the fingers and toes,
interfering with daily life and often leading to
work loss due to attacks or ‘flares’ (sudden onset
of symptoms) [28]. We thus considered
immunology to be a suitable focus for our
investigation and comparative evaluation to
further explore the impact on the ICER of
including indirect costs.

Thus, we sought to systematically review the
literature to (1) identify the characteristics of
CEAs and CUAs conducted for immune-
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mediated disorders and the proportion that
have included productivity loss; (2) ascertain
the cost elements related to productivity los-
ses/gains included in the CEAs and CUAs and
the calculation methods used to determine
those elements; and (3) explore factors that may
affect the inclusion of productivity loss for CEAs
and CUAs of immune-mediated disorders.

METHODS

SLR Approach

This SLR was conducted according to the
international guidelines laid out by the Centre
for Reviews and Dissemination (CRD) [29], the
PRISMA Group [30], and the Cochrane Hand-
book [31]. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

Definition of Terms
The definitions of indirect costs and productiv-
ity losses used were in line with multiple
guidelines [10, 18]. Indirect costs were defined
as the valuation of resources not directly con-
sumed by the care provided but rendered
unavailable because of the patient’s poor health
state or premature death. Productivity losses
were defined as losses incurred as a result of a
total stoppage or partial reduction of the pro-
ductive activity of the population analysed (in-
cluding absenteeism and presenteeism),
whether this activity is paid or unpaid.

Search Methodology
A search strategy was devised by a team of
experienced systematic reviewers to identify all
available evidence relevant to our objective. The
strategy comprised three sets of terms: a set to
search for the type of economic evaluation (i.e.
CEA and CUA), and a set of search terms for
focussing on drugs of interest (e.g. biologics,
Janus kinase inhibitors [JAKi]), and a set to
search terms for the relevant diseases and/or
populations of interest. The following nine
conditions were chosen: ankylosing spondylitis,

chronic idiopathic urticaria, Crohn’s disease,
fibromyalgia, juvenile idiopathic arthritis, pso-
riasis, rheumatoid arthritis, systemic lupus ery-
thematosus and ulcerative colitis. Search terms
were chosen to cover a number of indexing and
free-text terms to ensure that a high proportion
of the relevant articles were captured. Table 1
presents the inclusion and exclusion criteria
PICOS (population, intervention, comparator,
outcomes, study design) elements used. In order
to maximize consistency and comparability
with the findings, we included only studies
targeting adult patients; assumptions were
made where there was a mixed population or a
lack of clarity on whether studies included
people below 18 (see Table 1). Evaluations were
included if they involved pharmacological
therapies as either the intervention or a com-
parator. Studies were included if they reported
the results of a CEA or CUA; cost–benefit and
cost-minimization analyses were excluded since
few countries recommend this approach for the
economic evaluation of new therapeutic inter-
ventions [4]. The results of official HTA sub-
missions to the countries themselves were
considered out of scope for this study. The
searches were restricted to English-language
full-text articles published from January 2010
onwards, or English-language conference
abstracts published from 2018 onwards, up to
26 October, 2020. The keywords were combined
using Boolean operators to create the search
strings listed in Appendix 1 of the Supplemen-
tary Material.

Sources
The following databases were searched: MED-
LINE� In-process (via PubMed.gov), MEDLINE
and Embase (via Embase.com), and the
Cochrane Library (via Cochrane). Searches were
also conducted for abstracts of the following
conferences: International Society for Pharma-
coeconomics and Outcomes Research (ISPOR),
and the European Association of Hospital
Pharmacists (EAHP). As per the CRD and
Cochrane guidelines, the bibliographies of
included studies were checked, and relevant
systematic reviews and unique studies not
identified from the electronic database search-
ing were hand-searched.
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Table 1 Eligibility criteria including PICOS elements

Category Details

Population Adult patients (ages C 18 years old)a with at least one of the following disorders:

Ankylosing spondylitis

Chronic idiopathic urticaria (including chronic spontaneous urticaria)

Crohn’s disease

Fibromyalgia

Juvenile idiopathic arthritis

Psoriasis

Rheumatoid arthritis

Systemic lupus erythematosus

Ulcerative colitis

Interventions/comparators Any drug treatment

Study types Full economic evaluations:

CEAs and CUAs

If a study could estimate an ICER (i.e. the study described incremental costs per incremental

QALY or life years or cost per response), the study was included

Outcomes Descriptive differences (e.g. publication year, country, type of analysis, model used, time

horizon)

Productivity loss elements and approaches

Impact of including productivity costs on ICER

Language English only

Country No limits

Publication types Full-text articles only

While there are conference posters and articles that may include cost data, the final data were

considered to be uncertain/unverifiable if the full-text article was not available; therefore,

only those with full-text articles available were included

Time-limits 2010 to 2020 for full-text articles

2018 to 2020 for the conference abstracts

CEA cost-effectiveness analysis, CUA cost-utility analysis, ICER incremental cost-effectiveness ratio, QALY quality-adjusted
life year
aIf it was unclear in a study whether adults or children were assessed, then the study was included on the basis of the
assumption that all the indications examined are more prevalent in adults, especially when it comes to economic studies.
Moreover, if a study included both adult and paediatric patients, it was included if subgroup data for adult patients were
reported. In a second instance, if adult patients constituted C 80% of the total population, then the study was included and
data were extracted for the complete study population
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Screening and Study Identification

Following the initial searches, records were first
added to a library in the reference manager
software EndNoteTM. A de-duplication step was
carried out to remove duplicate records, and the
records were exported into a worksheet in
Microsoft Excel�. The selected study had to
provide evidence for one or more of the out-
comes of interest in order to be included.
Studies presented in languages other than Eng-
lish were excluded from the analysis.

Primary screening was conducted by two
reviewers. Each reviewer independently assessed
each record’s title and abstract against basic
study selection criteria (population, interven-
tion, study design) to decide on whether to
exclude the study. Secondary screening of
potentially relevant articles was carried out by
two reviewers by first obtaining the full-text
article, then reviewing against each of the eli-
gibility criteria including PICOS elements (see
Table 1). Any uncertainty regarding the inclu-
sion of studies during the primary or secondary
screening was resolved by a third reviewer. All
articles included or excluded and the reasons

behind these decisions are summarized in the
PRISMA flow diagram in Fig. 1.

Data Extraction

A standardized evidence data extraction shell
was developed in Excel and populated with the
information extracted from the included stud-
ies. Data were extracted by one reviewer into
the tables, and a second reviewer checked and
validated key outcomes data (such as model
inputs, structure, ICERs, perspective and time
horizon) by conducting an independent inter-
nal data check scheme. Where multiple publi-
cations were identified for the same patient
population and setting and reported data for
the same cost year and interventions, these
studies were linked and extracted together. A
list of data extracted is provided in Appendix 2
of the Supplementary Material.

Assessment of Quality of Studies

The reporting quality of the included economic
evaluation studies was assessed using the

Fig. 1 Flow diagram depicting search results and selection of studies for analysis
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Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) 2013 guidelines
from ISPOR [32]. The CHEERS checklist consists
of 24 items across six sections: (1) title and
abstract; (2) introduction; (3) methods; (4)
results; (5) discussion; and (6) other (e.g. source
of funding, conflict of interest). One reviewer
rated each item of the checklist as either ‘fully
satisfied’, ‘partially satisfied’, ‘not satisfied’ or
‘not applicable’, and a second reviewer vali-
dated each rating. The quality assessment was
performed in parallel with the data extraction.

Synthesis of Evidence

Following extraction of data using Excel-based
forms, evidence was synthesized for qualitative
analysis using appropriate graphs and tables.
Descriptive study characteristics such as coun-
try, disease area, study sponsor, type of study,
study design and analysis perspective were
recorded as reported from the data extractions.
Countries were grouped according to region
classifications given by the World Bank Group
[33].

Types of productivity cost elements included
were determined on the basis of a description of
the costs included in the study. Cost elements
included absenteeism, presenteeism, unem-
ployment/early retirement, premature mortal-
ity and informal care. The approach taken to
determine productivity loss/gain was also
extracted for each study.

As per the previous work, the effect on the
ICER of including productivity costs was split
into four categories, depending on the impact
reported in the studies: ‘more favourable’, ‘no
substantial impact’, ‘less favourable’, and ‘not
reported’ [27]. Studies were considered to report
a ‘more favourable’ impact if including indirect
costs resulted in a lower ICER or an increase in
cost savings; where no figures were provided,
the authors’ interpretation was used as evidence
for reporting a ‘more favourable’ impact. Simi-
larly, studies were labelled as having a ‘less
favourable’ impact if inclusion led to a higher
ICER or a decrease in cost savings. Studies were
labelled as having ‘no substantial impact’ if
there was no change in the ICER with the

inclusion of productivity costs based on specific
figures provided, or if their inclusion was
reported by the authors as having no substantial
impact where no specific figures were provided.
For studies that did not mention the impact of
productivity costs inclusion, this was recorded
as ‘not reported’.

Statistical Analysis

Univariate and multivariate logistic regression
models were performed to identify the factors
that affect the inclusion (yes or no) of produc-
tivity loss for CEAs/CUAs in immune-mediated
disorders. Factors such as disease area, study
sponsor, type of study, type of model, publica-
tion year, intervention(s) and geographical
region were included as explanatory variables.
These variables were redefined on the basis of
the study characteristics. In terms of disease
area, ulcerative colitis and Crohn’s disease were
grouped as ‘inflammatory bowel disease’, and
diseases other than rheumatoid arthritis, psori-
asis and inflammatory bowel disease were
grouped as ‘others’. In terms of region, regions
other than North America, Europe and Asia
(using categories provided by the Ministry of
Foreign Affairs of Japan [34]) were grouped as
‘others’. Similarly, Markov and semi-Markov
model types were combined as ‘Markov’, and
interventions other than biologics and/or JAKi
were grouped as ‘others’. Full details are avail-
able in Appendix 3 of the Supplementary
Material. Odds ratios (ORs), their 95% confi-
dence intervals (CIs) and p values were calcu-
lated in the models. The statistical analysis was
performed using R version 4.0.3, and a p value
of less than 0.05 was considered statistically
significant.

RESULTS

Study Selection

Figure 1 presents the PRISMA flow diagram. Our
searches identified 5016 records from the
included databases. Following removal of
duplicates, 4709 records remained. Screening
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against inclusion and exclusion criteria led to
4122 records being excluded, and seven records
could not be retrieved. The remaining 580
reports were assessed against the inclusion/ex-
clusion criteria, of which 348 records were
excluded. Two additional reports were identi-
fied from bibliographic searches and passed the
screening step. Thus, we identified and extrac-
ted data from 198 unique economic evaluation
studies from 234 publications. A single study
reported data for three indications (Crohn’s
disease, psoriasis and rheumatoid arthritis) [35].
Analyses by disease were conducted on the basis
of 200 reports as the denominator.

Characteristics of Included Studies

The characteristics of the included studies are
given in Table 2. Most of the studies investi-
gated rheumatoid arthritis (74; 37.0%) or pso-
riasis (64; 32.0%). No studies investigating
juvenile idiopathic arthritis were included in
this review; this disease is most commonly
studied in children [36], so none of the identi-
fied studies met the eligibility criteria with
respect to age of participants. Of the included
studies, 157 (78.5%) were model-based studies
and 43 (21.5%) were economic evaluations that
were run alongside trials. Approximately one-
third (21 studies out of 64; 32.8%) of the pso-
riasis studies were evaluations alongside trials,
compared with only 20.3% (15 out of 74) of
rheumatoid arthritis studies and 16.7% (three
out of 18) of Crohn’s disease studies. None of
the studies in ulcerative colitis were economic
evaluations run with trials, and all 27 were
based on models. The majority of the economic
evaluations were CUAs (137; 68.5%).

The majority of the studies were sponsored
by pharmaceutical companies (124; 62.0%). The
most common disease of focus for the phar-
maceutical-sponsored studies was psoriasis,
while the most common focus of the non-
pharmaceutical-sponsored studies was rheuma-
toid arthritis. Forty-three (21.5%) studies did
not involve economic modelling, of which
nearly half (48.8%) were in psoriasis. Of the 157
studies that included modelling, the most
common model type was Markov model, both

in total (88 out of 157; 56.1%) and for each
disease individually.

The most common time horizon used in
analyses was 5 years or less, reported for 79
studies (39.5%), followed by lifetime time
horizon (59; 29.5%). Whereas for many of the
conditions the most common time horizon was
5 years or less, the majority of the evaluations
assessing rheumatoid arthritis and ankylosing
spondylitis used lifetime time horizons.

The perspective of the economic evaluation
was reported in 170 (85.0%) of the 200 studies.
The most commonly taken approach was a
payer perspective (57; 28.5%), followed by
societal perspective (42; 21.0%). Over half (26)
of the 42 studies taking a societal perspective
were in rheumatoid arthritis. Of the 30 studies
that did not report perspective, most (19) of
these were in psoriasis.

Most of the included studies investigated the
use of biologics (158 studies; 79.0%). The most
commonly studied biologics were adalimumab
(60 studies out of 158; 38.0%), infliximab (58;
36.7%) and etanercept (51; 32.3%). Sixteen
studies out of 200 (8.0%) investigated tofaci-
tinib and/or baricitinib, two small-molecule
JAKi. Of the 16 studies of JAKi, nine were in
rheumatoid arthritis, six were in ulcerative col-
itis and one was in psoriasis.

The following details are available in
Appendix 4 of the Supplementary Material. Just
under one-third of the studies did not report
discount rates (61; 30.5%), and for 17 studies
(8.5%), no discount rate was used. The cost year
used in many of the studies was 2016–2020 (64;
32.0%); 55 studies (27.5%) used a 2011–2015
cost year, 42 (21.0%) studies used a 2006–2010
cost year, and 39 (19.5%) studies did not report
the cost year used. The majority of the studies
were conducted in either the US (48; 24.0%) or
the UK (30; 15.0%). Compared with the other
countries, psoriasis was disproportionately rep-
resented in the US, with 23 of the 48 studies in
this region (47.9%) assessing this disease.

Table 3 presents details of the studies that
included productivity losses as part of the
analysis. Forty-nine studies were identified that
considered productivity loss, the majority of
which investigated rheumatoid arthritis (28
studies out of 74 total studies in rheumatoid
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arthritis; 37.8%) followed by psoriasis (five out
of 64; 7.8%), Crohn’s disease (four out of 18;
22.2%) and ulcerative colitis (three out of 27;
11.1%). Most of the studies that included pro-
ductivity loss were conducted in the Nether-
lands (11 out of 15; 73.3%) followed by the US
(nine out of 48; 18.8%), Sweden (seven out of
10; 70.0%), the UK (three out of 30; 10.0%),
Spain (three out of 12; 25.0%), Germany (three
out of nine; 33.3%), Japan (three out of nine;
33.3%) and Poland (three out of six; 50.0%).

The most commonly used approach was
CUA only (42 out of 49; 85.7%), and the most
common model type was Markov (28 out of 49;
57.1%). The majority of the studies were funded
by pharmaceutical companies (29 out of 49;
59.2%) and employed a societal perspective
only (36 out of 49; 73.5%). In terms of inter-
ventions, most of the studies investigated bio-
logics, including biologics ? others (38 out of
49; 77.6%).

Analysis of Productivity Loss Elements
and Approaches

Table 4 presents the data for the studies
regarding the productivity loss/gain elements
used in the analysis and the approaches taken to
determining these.

Of the 49 studies that included productivity
losses/gains in the analysis, seven (14.3%) did
not clearly state the productivity cost elements
that were incorporated into the modelling. The
remaining 42 (85.7%) all reported absenteeism
as a cost element used. Twelve studies out of 49
(24.5%) modelled absenteeism as the only pro-
ductivity loss element, while four (8.2%) mod-
elled absenteeism plus presenteeism and 26
(53.1%) modelled absenteeism plus other cost
elements (such as travel expenses, out-of-pocket
costs, losses due to leaving or switching jobs,
unemployment, early retirement and informal
care). None of the studies modelled presen-
teeism as the only productivity cost element.
Three studies included caregiver information in
the productivity loss calculation.

Of the studies that included productivity
changes, the method used to value these was
only explicitly reported in approximately one-

third (16 out of 49). Twelve of these 16 studies
(75.0%) used a human capital approach either
alone or with friction cost, while four (25.0%)
used a friction cost approach alone.

Qualitative Analysis of Impact
of Including Productivity Costs on ICER

Table 5 provides the results of the studies that
reported the impact of including productivity
losses/gains on the ICER. Of the 49 studies that
incorporated productivity loss/gain elements in
the analysis, 28 (57.1%) reported inclusion of
productivity elements as contributing to more
favourable cost outcomes and ICERs, while 12
(24.5%) reported no substantial impact. Nine
(18.4%) studies did not report information
regarding the potential impact on the ICER.
None of the studies reported inclusion to con-
tribute to less favourable outcomes.

Univariate and Multivariate Logistic
Regression Analysis of Factors that Affect
Inclusion of Productivity Loss

Table 6 presents the result of the multivariate
logistic regression analysis. With a multivariate
analysis with all factors included, whether or
not the focus of the study was rheumatoid
arthritis had a statistically significant impact on
the inclusion of productivity loss compared
with psoriasis (OR 0.16 [95% CI 0.05, 0.56],
p = 0.004) and inflammatory bowel disease (OR
0.23 [95% CI 0.07, 0.73], p = 0.013), but a sta-
tistically significant association was not
observed for all other diseases that were
grouped (OR 1.23 [95% CI 0.32, 4.70],
p = 0.764). In terms of the publication year, the
study being published between 2014 and 2017
was strongly associated with the inclusion of
productivity loss compared with the study
publication year being from 2010 to 2013 (OR
2.87 [95% CI 1.04, 7.92], p = 0.041) with a
multivariate analysis. Using a univariate analy-
sis, the study type being a CUA and a CEA ?

CUA had a strong association with the inclusion
of productivity loss compared with the CEA-
only studies (CUA: OR 5.53 [95% CI 1.87,
16.29], p = 0.002; CEA ? CUA: OR 6.25 [95% CI

5340 Adv Ther (2022) 39:5327–5350
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1.12, 34.90], p = 0.037). However, no statisti-
cally significant association with inclusion of
productivity loss was observed on the basis of
the study type with a multivariate analysis
(CUA: OR 3.76 [95% CI 0.90, 15.71], p = 0.070;
CEA ? CUA: OR 1.62 [95% CI 0.18, 14.95],
p = 0.670). Similarly, the use of a Markov model
was significantly associated with inclusion of
productivity loss compared with the use of a
decision analytic/decision tree model in the
univariate analysis (OR 0.12 [95% CI 0.02, 0.94],
p = 0.044), but this association was not
observed in the multivariate analysis (OR 0.20
[95% CI 0.02, 1.80], p = 0.150).

Quality Assessment of Studies

Most of the included studies were of good
quality in terms of title (98.5%), abstract
(99.5%), background and objectives (97.5%)
and incremental costs and outcomes (95.0%).
However, the studies varied in quality with
respect to methods, results and disclosure of
conflicts of interest. Nearly 30% of studies did
not report on the discount rate used, 23.2% of
studies failed to report the type of economic
model used, and 49.0% of studies did not sat-
isfactorily report the analytical methods used.
Full results of the quality assessment are avail-
able in Appendix 5 of the Supplementary
Material.

DISCUSSION

Evaluation of health technologies based on
their value for money as well as their safety and
efficacy is a crucial and increasingly common
component of modern healthcare systems
[1, 2, 4–7]. In the current work, we sought to
identify all CEAs and CUAs of drug-based ther-
apies for nine chronic immune-mediated dis-
orders and review their characteristics; whether
and how they included productivity losses/-
gains; the impact of productivity cost inclusion
on the evaluation outcomes; and whether any
factors affected the inclusion of productivity
changes in these CEAs and CUAs. We found
that (1) 49 of the 200 identified CEAs and CUAs
of immune-mediated disorders considered

productivity losses/gains; (2) the majority of
studies that included productivity changes
reported that inclusion led to a more favourable
ICER; and (3) factors that significantly affect
whether a study considers productivity changes
include choice of disease and publication year.

Our review uncovered some trends in the
literature. The majority of CEAs/CUAs identi-
fied were conducted in the US (48) and the UK
(30), with the third, fourth and fifth most
common countries being the Netherlands (15),
Spain (12) and Sweden (10), respectively, all of
which are all defined as high-income economies
by the World Bank [33]. A considerable number
of the 49 studies that included productivity
changes were in the Netherlands (11) and Swe-
den (seven), an unsurprising result given the
preference of these countries’ health systems for
taking a societal perspective in evaluations.
Overall, there was a trend towards more recent
evaluations, with the results suggesting that the
number of immunology evaluations is steadily
increasing. The majority of the evaluations took
a payer perspective, though we also identified a
considerable number that used a societal per-
spective. In many cases, studies included com-
binations of perspectives e.g. that of the specific
country’s healthcare system, plus societal. This
may reflect the widespread variation in the ways
CEAs and CUAs are conducted and in the defi-
nition of the analysis perspectives themselves.
Out of the studies, 15% did not clearly report
the perspective of evaluation. In particular,
approximately 30% (19 out of 64) of the iden-
tified studies of psoriasis did not report infor-
mation on the perspective. This is possibly
because the majority of these studies were non-
modelling-based evaluations in which cost-ef-
fectiveness was assessed alongside a clinical
study.

Although our searches did not identify any
SLRs that covered CEAs for a broad range of
immune-mediated disorders, we did identify
SLRs of CEAs for individual immune-mediated
disorders with one study each for rheumatoid
arthritis [37], inflammatory bowel disease [38],
psoriatic arthritis [39], and psoriasis [40]. The
review of rheumatoid arthritis CEAs [37] exam-
ined the cost-effectiveness of treat-to-target
strategies, while the review of inflammatory
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bowel disease [38] examined therapeutic drug
monitoring and did not mention productivity
losses. In the other two studies [39, 40], the
results included findings from previous studies
that included productivity losses in CEA; here,
the authors pointed out that including pro-
ductivity losses in CEA would affect the results
of the analysis, but they did not compare the
results of CEAs that included productivity losses
with those that did not. In this review, almost a
quarter of the immunology economic evalua-
tions identified considered productivity losses
as part of the analysis (49 out of 200). Of these,
most gave the productivity elements used, with
the majority of these studies reporting absen-
teeism as a cost element in the analysis, either
by itself or in addition to other cost elements
including presenteeism, unemployment, early
retirement, informal care, and travel and out-of-
pocket costs. While the majority of the studies
that incorporated productivity changes were in
rheumatoid arthritis, our results showed that
the type of cost elements used varied depending
on the disorder investigated in the study. None
of the studies modelled presenteeism alone,
possibly because of the difficulty in measuring
lost efficiency at work [41]. Our previous
reviews also found that economic evaluations
rarely consider costs based on decreases in pro-
ductivity while at work [27, 42]. Following the
COVID-19 pandemic, it has been suggested that
the importance of presenteeism may increase
with the potential permanent shift in some
countries and business sectors to homeworking,
emphasizing its effect on societies [43]. Some
studies may also simply assume that patients
attend work even when experiencing severe
symptoms. Furthermore, the productivity of
caregivers was reported to be considered in just
three of the 200 studies identified, despite the
potential importance of caregiver wellbeing and
productivity in healthcare decision-making.
Indeed, the findings of a recent review suggest
that informal caregiving places a burden on
caregivers and considerably affects performance
at work [44].

While the human capital method was found
to be used most often, only 16 studies clearly
stated the method for estimating productivity
costs. As discussed previously, while manyT
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Table 6 Factors that affect the inclusion of productivity loss

Variable Univariate model Multivariate model

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Disease area

Rheumatoid arthritis 1.00 (reference) – 1.00 (reference) –

Psoriasis 0.14 (0.05–0.39) 0.000 0.16 (0.05–0.56) 0.004

Inflammatory bowel diseasea 0.30 (0.12–0.77) 0.012 0.23 (0.07–0.73) 0.013

Others 1.85 (0.64–5.35) 0.257 1.23 (0.32–4.70) 0.764

Publication year

2010–2013 1.00 (reference) – 1.00 (reference) –

2014–2017 2.55 (1.10–5.90) 0.029 2.87 (1.04–7.92) 0.041

2018–2020 0.73 (0.30–1.76) 0.486 0.93 (0.33–2.63) 0.886

Region

North America 1.00 (reference) – 1.00 (reference) –

Europe 2.56 (1.13–5.80) 0.025 1.22 (0.47–3.19) 0.679

Asia 0.64 (0.16–2.58) 0.530 0.22 (0.04–1.07) 0.061

Others 0.57 (0.06–5.05) 0.612 0.35 (0.03–3.61) 0.377

Economic analysis

CEA 1.00 (reference) – 1.00 (reference) –

CUA 5.53 (1.87–16.29) 0.002 3.76 (0.90–15.71) 0.070

CEA ? CUA 6.25 (1.12–34.90) 0.037 1.62 (0.18–14.95) 0.670

Study sponsor

Pharmaceutical company 1.00 (reference) – 1.00 (reference) –

Non-pharmaceutical company and no funding 1.64 (0.80–3.35) 0.176 1.17 (0.47–2.93) 0.740

Not reported 0.45 (0.12–1.60) 0.216 0.51 (0.11–2.37) 0.394

Model type

Markov 1.00 (reference) – 1.00 (reference) –

Decision analytic/decision tree 0.12 (0.02–0.94) 0.044 0.20 (0.02–1.80) 0.150

Simulation model 1.27 (0.54–2.95) 0.582 0.60 (0.21–1.73) 0.346

Non-modelling study 0.58 (0.24–1.40) 0.226 0.84 (0.21–3.31) 0.805

Not reported 1.27 (0.11–14.55) 0.849 0.84 (0.04–18.76) 0.912

Intervention(s)

Biologics and/or JAKi 1.00 (reference) – 1.00 (reference) –
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countries specify which is the preferred method
of determining these costs, only a few give clear
reasons why, reflecting the lack of understand-
ing in this area [27]. Previous reviews have
found that the choice of method for calculating
productivity losses significantly affects the out-
put of economic analyses in rheumatoid
arthritis, and therefore potentially healthcare
decision-making [45]. A key barrier to investi-
gating this further is the lack of clear data and
the differing requirements across countries.
Should more studies be transparent and explic-
itly state the method of estimating productivity
costs, a better understanding of this murky area
could be achieved—a necessary step towards
obtaining a clearer guideline for conducting
economic evaluations from a societal
perspective.

The identified evidence base suggests that
including productivity elements in an eco-
nomic evaluation leads to generally more
favourable outcomes in terms of cost-effective-
ness. Forty of the 49 identified studies that used
productivity losses/gains in their evaluations
reported the impact of their inclusion on the
outcomes. In almost one-third of cases, the
consideration of productivity losses could have
altered the final decision on whether to reim-
burse expensive drugs. This finding is unsur-
prising, given that a new drug in diseases such
as psoriasis, arthritis or Crohn’s disease is likely
being appraised owing to its considerable
effectiveness and ability to alleviate the symp-
tom burden, thus also reducing the amount of
work loss seen with these disorders [46–48].

All of the studies that included productivity
loss for ankylosing spondylitis, chronic idio-
pathic urticaria, systemic lupus erythematosus
and ulcerative colitis reported a favourable
impact on the ICER. Of the 28 CEAs/CUAs that

considered productivity changes in evaluations
of rheumatoid arthritis, 12 reported a favour-
able impact on the ICER. This is in line with the
results of an SLR investigating indirect costs,
which found that productivity costs for
rheumatoid arthritis can be up to half of the
total costs [49]. Similarly, three of the five pso-
riasis studies that incorporated productivity
losses indicated that this inclusion led to a
lower ICER.

Twelve of the studies reported that including
productivity effects had little or no impact on
the ICER. As explicitly stated in many of these
studies, this may have been a consequence of
such costs being a very small fraction of the
overall costs. For example, in Brown et al., the
additional costs in the secondary societal anal-
ysis were approximately 10% or less of the
overall costs [50]. Alternatively, it could be that
the impact of inclusion was similar for both
arms of the study, as was the case in the study
by Sochi et al. Here, the costs for the societal
perspective were $15,000–17,000 higher than
the payer perspective costs, for each of the
treatment arms, and the resulting incremental
cost–utility ratios did not change between the
perspectives [51]. While none of the identified
studies reported a less favourable cost-effec-
tiveness outcome resulting from inclusion of
productivity changes, it may be the case that
this is the result of non-reporting bias in the
literature; the authors/sponsors of some studies
could have found a negative effect of inclusion
on the ICER and therefore omitted this from the
final analysis [31].

From the investigation of factors that are
associated with the likelihood of inclusion of
productivity changes, we found that studies
were significantly less likely to consider pro-
ductivity losses/gains if they assessed psoriasis

Table 6 continued

Variable Univariate model Multivariate model

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Others 1.47 (0.62–3.49) 0.378 2.27 (0.68–7.55) 0.182

CI confidence interval, CEA cost-effectiveness analysis, CUA cost–utility analysis, JAKi Janus kinase inhibitor
aInflammatory bowel disease is a combination of ulcerative colitis and Crohn’s disease
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or inflammatory bowel disease than if they
assessed rheumatoid arthritis. This reflects the
comparatively high proportion of rheumatoid
arthritis studies that reported productivity loss.
In addition, a strong association was found
between the publication years being from 2014
to 2017 and inclusion of productivity costs,
compared with the publication year from 2010
to 2013, suggesting an increase in the number
of evaluations incorporating productivity
changes during that period.

Rheumatoid arthritis is a chronic condition
that interferes with daily life [28] and has been
reported to have an impact on indirect costs
and productivity losses. Direct costs of
rheumatoid arthritis account for 25% to just
above 50% of the total costs, but indirect costs
account for 26–75% [52]. Indirect costs have
also been shown to increase as patients’ func-
tional disability increases, but were dominated
by productivity losses [53]. In terms of work
disability, 28% of patients with early rheuma-
toid arthritis have been reported to experience
work disability [54], with rates ranging from
50% to 90% as the duration increases [55].
Hence, the impact of rheumatoid arthritis on
productivity loss was probably widely known
from the period of 2014 to 2017, and many
studies had included productivity loss. For the
publication year, it may also have been affected
by changes in interventions of interest. Of the
16 studies of JAKi as interventions, 14 studies
were published after 2018. Nine out of 14
studies were sponsored by pharmaceutical
companies, and only one of these nine studies
took a societal perspective. With the launch of
tofacitinib in 2013 [56] and the approval of
baricitinib in 2017 [57], the perspective chosen
for CEAs/CUAs may have shifted from a focus
on biologics and using a societal perspective to a
focus on not only biologics but also JAKi using a
perspective other than a societal perspective
(e.g. a payer perspective).

To our knowledge, the review is the first of its
kind to focus on productivity losses/gains in
economic evaluations of chronic immune-me-
diated disorders. When considering these
results, the strengths and limitations of our
work should be kept in mind. Our searches
encompassed three key databases, relevant

conference archives and hand-searching of key
bibliographies; this range of sources is consid-
ered to comprehensively cover the health eco-
nomics literature. While the size of the evidence
base allowed us to examine the variation in
approaches and cost elements, with respect to
reporting of methods and results, the quality of
the studies was generally low. This aligns with
the findings of our previous review [27]. For
some studies, the ICERs were not presented
separately according to inclusion or exclusion
of productivity costs, preventing any quantita-
tive examination of the effect of including these
in the model. Also, in a considerable number of
studies, the approach to determining costs was
not sufficiently described. Although policy-
based HTA dossiers were not included in this
review, if the SLR were conducted including
HTA dossiers, it may be possible to examine the
impact of including productivity losses/gains in
CEA on willingness to pay across countries. This
makes it difficult to draw strong conclusions
and illustrates the need to investigate this fur-
ther. The results of the multivariate analysis are
only relevant for the model used. In the multi-
variate analysis, we included as many variables
as possible, including those that were thought
to be relevant to the inclusion of productivity
losses; that were available from the extracted
studies; and that could be computed. However,
there are limitations to the use of multivariate
analysis, as some relevant variables other than
those used in the model may have been exclu-
ded. As the included studies were conducted
before 2022, these were assessed against the
previous 2013 CHEERS checklist as opposed to
the updated 2022 checklist; the results of the
quality assessment may have differed if the
updated checklist was used. Future economic
evaluations should use the 2022 version of
CHEERS, as it has been designed to apply to a
broader range of interventions and appraisal
types.

CONCLUSIONS

The results of our review support the idea that
the inclusion of productivity losses or gains in
CEAs and CUAs of chronic immune-mediated
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disorders typically leads to more favourable
cost-effectiveness for the intervention of focus.
Moreover, inclusion of productivity costs is
positively associated with the disease area being
rheumatoid arthritis and the publication year
being between 2014 and 2017. Future research
should also consistently follow established
guidelines (e.g. the CHEERS 2022 statement) by
reporting all relevant cost components as well
as the methods of measurement, to ensure the
impact of productivity loss/gain inclusion can
be better investigated.
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