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Abstract
Objective
To comprehensively synthesise the evolution of health-economic evaluation models (HEEMs)
of all OA interventions including preventions, core treatments, adjunct non-pharmacological
interventions, pharmacological and surgical treatments.
Methods
The literature was searched within health-economic/biomedical databases. Data extracted
included: OA type, population characteristics, model setting/type/events, study perspective,
comparators; and the reporting quality of the studies was assessed. The review protocol was
registered at the International Prospective Register of Systematic Reviews (registration:
CRD42018092937).
Results
Eighty-eight studies were included. Pharmacological and surgical interventions were the focus
in 51% and 44% studies, respectively. Twenty-four studies adopted a societal perspective (with
increasing popularity after 2013), however most (63%) did not include indirect costs. Qualityadjusted life years (QALYs) was the most popular outcome measure since 2008. Markov
models were used by 62% of studies, with increasing popularity since 2008. Until 2010, most
studies used short-to-medium time horizons; subsequently a lifetime horizon became popular.
Eighty-six percent of studies reported discount rate(s) (predominantly between 3% and 5%).
Studies published after 2002 had a better coverage of OA-related adverse events (AEs).
Reporting quality significantly improved after 2001.
Conclusions
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OA HEEMs have evolved and improved substantially over time, with focus shifting from shortto-medium-term pharmacological decision-tree models to surgical-focused lifetime Markov
models. Indirect costs of OA are frequently not considered, despite using a societal perspective.
There was lack of reporting sensitivity of model outcome to input parameters including
discount rate, OA definition, and population parameters. Whilst the coverage of OA-related
AEs has improved over time, it is still not comprehensive.
Key Words: Osteoarthritis; Health-economic evaluation; Markov Models, Decision-tree
Models
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Significance and Innovations
•

This is the first study comprehensively reviewing the evolution of health-economic
evaluation models of all OA interventions including preventions, core treatments,
adjunct non-pharmacological interventions, pharmacological and surgical treatments.

•

It identifies the key strengths and limitations facing existing OA health-economic
evaluation models and provides directions for improvement in the current modelling
practice.

•

Modelled OA health-economic evaluations have evolved substantially over time, with
focus shifting from short-to-medium-term pharmacological decision-tree models to
surgical-focused lifetime Markov models.

•

Indirect costs are mostly not considered in the OA health-economic evaluation models,
even when the study is conducted from a societal perspective. The coverage of OArelated adverse events is not comprehensive.
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Introduction
Approximately 240 million people globally were affected by osteoarthritis (OA) in 2016 (1)
and its prevalance is projected to rise steadily (1-3). OA is characterised by joint pain, stiffness,
swelling, loss of function and disability; which in turn, negatively impacts individuals’ healthrelated quality of life (HRQoL) (4) and poses a significant economic burden to patients and
society in terms of both direct (healthcare) and indirect costs (from lost productivity [early
retirement/absenteeism/presenteeism]) (5-10).
Whilst there is no cure for OA, there are treatments available to ease OA symptoms and
postpone disability progression. According to recent OA management guidelines (11),
treatments include lifestyle (e.g.: exercise, weight management), non-medical (e.g.: heat packs,
manual therapy), medical, and surgical interventions. In chronic diseases like OA, healthcare
policy decisions should be informed by evidence of the long-term health and economic impacts.
Given the scarcity of healthcare resources, it is critically important that the most cost-effective
interventions are chosen.
Health-economic evaluations (HEEs) compare alternative treatment options in terms of both
economic costs and clinical effectiveness to identify the interventions that are best value for
money. The models used for these incorporate clinical, health-economic and epidemiological
data. HEEs include full (e.g.: cost-benefit, cost-effectiveness and cost-utility analysis) and
partial (e.g.: cost of illness analysis) evaluations (Appendix 1) (12). Since the first model-based
HEE of OA treatments was performed in 1994, numerous modelling studies have been
conducted, particularly in Western developed nations (13-15). OA models vary in their
methodological framework, model structures, division of model events, and input data sources
(16-19). The availability of better quality clinical and epidemiological data, and
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methodological advances have contributed to the evolution of modelled HEEs over time (16,
17, 20).
The scope of previous systematic reviews of OA health-economic evidence was often limited
to a specific treatment type (e.g.: surgical, pharmacological, physical) (21-23). None have
synthesised the evolution of health-economic evaluation models (HEEMs) of all OA
interventions. As the comprehensive investigation of the diverse HEEMs could lead to
significant improvements in modelling practice (24, 25), we aimed to explore the evolution of
HEEMs used for all forms of OA interventions, with an emphasis on their strengths and
weaknesses and study gaps to inform the future development of an improved and overarching
HEEM of OA.
Methods
This study is reported in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines (26). The protocol was registered at the International
Prospective Register

of Systematic Reviews (PROSPERO) (registration number:

CRD42018092937).
Literature search
Three biomedical (Medline via OvidSP, Embase via Ovid, and China National Knowledge
Infrastructure) and three health-economic/economic databases (American Economic
Association, the Centre for Reviews and Dissemination and the Cost-effectiveness Analysis
Registry) were searched according to a search strategy that was defined in consultation with
co-authors and a research librarian (Appendix 2). The literature was searched from each
database’s inception to July 2018. Reference lists of included studies and relevant reviews were
hand searched.
Screening criteria
6

Title/abstract screening and full-text screening were performed in Covidence (27) by two
reviewers (TZ and QX) independently based on predefined inclusion and exclusion criteria.
Screening conflicts between the two reviewers were resolved through discussion with senior
researchers (AP, HA and BdeG).
The

inclusion

criteria

were

studies:

1)

in

humans;

2)

that

reported

the

construction/application/validation of partial or full OA HEEM; 3) that were available as fulltext; and 4) that were published in English/Chinese/German. Studies were included if they
focused on arthritis populations including OA if they did not report the proportion of OA
participants or if they reported on a cohort with ≥90% OA. Review articles, conference
abstracts, comments and books were excluded. (Appendix 3)
Data extraction
A Microsoft Excel spreadsheet designed by co-authors was used to extract data by two
reviewers (TZ and HA) independently. Discrepancies were resolved by consensus, and an
additional reviewer (AP) was consulted in cases of no consensus. Data extracted included
authors, publication year, study setting, OA type, targeted interventions and comparators, and
information related to HEEMs (simulated population characteristics, study perspective, time
horizon, discount rate, clinical effectiveness measures, cost inputs, model type, modelling
software, health states, health events, and sensitivity analysis type). (Appendix 4)
Assessment of reporting quality
We assessed each study’s reporting quality using the 24-item Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) checklist (28). We adapted the evaluation methods
published by de Graaff et al. (29). Twenty-four items were equally weighted with ‘1’ referring
to the item being well performed, and ‘0’ otherwise. As not all items were applicable to all
studies (e.g.: for a cost of illness analysis, “effectiveness” was not applicable), the quality
7

scores were converted to percentages, adjusting the denominator to reflect the different number
of applicable items. Studies were categorized into low (≤50%), moderate (50%-75%) and high
reporting quality (>75%) groups (29).
Strategy for data synthesis
We adopted a narrative, descriptive synthesis approach (30) to assess and outline the evolution
of HEEMs of OA interventions over time.
Results
Screening results
As shown in Figure 1, our search identified 1,683 potential references (1,498 from biomedical
and 185 from economic databases). After removal of duplicates (n=424), 1,259 were left for
title and abstract screening, which excluded 1,080. Of the 179 left, 96 were excluded during
full-text screening (Figure 1). We identified an additional 5 studies through hand-searching,
resulting in a total of 88 included studies (Appendix 5).
Year of publication
The first model-based HEE of OA treatment was published in 1994 (31) and more than half
(51%, n=45) were published between 2013 and 2018 (Figure 2a).
Study settings
Almost half of the studies (49%, n=43) were conducted in the Americas, followed by Europe
(36%, n=32) (Figure 2b). Most studies were performed in the United States (US) (40%, n=35),
followed by the United Kingdom (UK) (18%, n=16) and Canada (7%, n=6). Only two studies
were conducted in Australia and/or New Zealand. Seven did not report the study location.
Studies from Australia, New Zealand, Saudi Arabia and China were published only after 2011.
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OA types and intervention options
Thirty-seven studies (42%) focused on knee OA and 13 (15%) on hip OA. One study each
focused on ankle arthritis and glenohumeral OA. Thirty-six (41%) studies did not specify OA
type, most of which targeted non-surgical treatments. Most studies focusing on a specific type
of OA evaluated surgical treatments. Seventy-five percent (48/64) of post-2005 publications
focused on a specific type of OA, compared to only 17% (4/24) of such studies pre-2005.
(Figure 3a)
Of the 88 studies, 45 (51%) focused on pharmacological interventions and 39 (44%) focused
on surgical interventions (Figure 3a, Appendix 6 [for the full list of interventions by OA type,
intervention categorization, frequency, and references]). Four of 88 included studies assessed
OA preventions (32-35), all of which were performed after 2014. Before 2005, all but two (16,
36) compared alternative pharmacological treatments, particularly cyclo-oxygenase 2 (COX2) inhibitors selective nonsteroidal anti-inflammatory drugs (NSAIDs) with non-selective
NSAIDs. Studies focusing on OA surgical treatments became popular thereafter.
Targeted populations
The target population was generally patients aged >40 years. Three studies specifically focused
on older patients with mean ages of 74, 78 and >80 years (37-39). Of 45 pharmacologicalfocused studies, 17 analysed two patient subgroups separately: 1) low risk patients (younger
and without prior history of upper gastrointestinal [GI]) events); and 2) high risk patients (older
and with upper GI history).
Study perspectives and reporting of costs
Study perspectives were reported in 79 (90%) studies. Of these, 38 (48%) adopted a national
healthcare perspective and 24 (30%) a societal perspective, however, 15 (63%) of these 24
studies did not consider indirect costs. Eleven studies adopted a third-party payer perspective,
9

and single studies used patient and veteran health administration perspectives. In addition, four
studies considered more than one perspective, all of which were published after 2013 (Figure
3b).
For pharmacological-focused studies, direct medical costs generally comprised of drug
acquisition and adverse events (AEs) treatment costs, while for surgical-focused studies, direct
costs were from primary/revision surgery. Indirect costs included productivity losses (n=6),
time lost from work (n=2), lost wages (n=3), and caregivers’ expenses (n=1).
Effectiveness measurements
Eighty-nine percent (78/88) of studies reported the measurement of effectiveness, most
commonly quality-adjusted life years (QALYs) (n=62), followed by multiple measures (n=7),
and disease-specific effectiveness measures (n=6) (e.g.: AEs/complications averted, revisionfree life years) (Figure 4a). The use of QALYs almost doubled, from 48% of studies published
pre-2008 to 93% for those published after 2008 (Figure 4b).
Model types and computational software
Model type was reported in 87 (99%) studies. There were three key types: 1) Markov models
(n=54, 62%), 2) decision-tree models (n=30, 34%), and 3) discrete-event simulation models
(n=3, 3%) (Figure 5a). Markov models predominantly focused on surgical treatments, while
pharmacological treatments were evaluated in 87% of decision-tree models (Figure 5a). The
popularity of Markov models increased over time from 7% (pre-2008 period) to 88% (after
2008) (Figure 5b). There were four commonly used OA model structures : 1) OA policy
(OAPoL) model (a Markov model to simulate the natural history of knee OA and
predominantly used in the US) (19, 35, 38, 40-42); 2) the National Institute for Health and Care
Excellence (NICE) model (a Markov model originally developed to compare NSAID/COX-2
inhibitor oral analgesics and subsequently extended to incorporate dose titration,
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discontinuation and AEs in addition to GI and cardiovascular (CV) AEs) (14, 18, 20, 43-46);
3) a model developed by Fitzpatrick (a Markov model aimed at evaluating hip OA surgical
treatments) (47-51); and 4) a decision-tree model developed by Burke to compare
NSAID/COX-2 inhibitor oral analgesics (52-55) (Appendix 7).
The adopted modelling software was mentioned in 57% (n=49) studies, with TreeAge being
the most common (n=38), followed by Microsoft Excel (n=8), and Arena (n=1). Two studies
used more than one software, and no clear time trend was observed in the choice of software
(Appendix 4).
Time horizon
Forty-eight (55%) studies ran the model over a lifetime horizon while 39 (45%) used short-tomedium-term horizons (from 2 weeks to 30 years). Markov model-based evaluations mostly
adopted lifetime horizons (78%) while decision-tree evaluations largely used a pre-defined
short-to-medium-term horizon (83%) (Figure 5c). The lifetime modelling horizon became
more prevalent after 2010 (Figure 6a).
Discount rates for costs and outcomes
Seventy-six (86%) studies reported the discount rate, which was most commonly 3% (n=39,
51%) for costs and outcomes (Figure 6b). Ten (13%) and six (8%) studies utilised 3.5% and 5%
discount rates, respectively. Thirty (of 39) studies using a 3% discount rate were based in the
US, and 9 (of 10) studies using a 3.5% discount rate were based in the UK. Seven used
alternative discount rates for costs and outcomes. Twelve studies did not report use of a
discount rate, with 11 of these published before 2010 (Figure 6c). The impact of varying
discount rates on model outcomes was assessed by 15 of 88 (17%) included studies.
Model health states
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Pharmacological-focused studies defined health states based on: 1) the occurrence of
AEs/complications (43); 2) OA severity, the presence of joint pain, obesity and comorbidities
(41); and 3) the Kellgren-Lawrence radiographic scale of OA (56). For surgical-focused studies,
health states were defined based on: 1) the American College of Rheumatologists (ACR)
functional status classification (47); 2) the event pathway following surgical treatment (57); 3)
pain severity, postoperative complications, and subsequent surgical procedures (58); and 4) the
Western Ontario and McMaster Osteoarthritis Index (WOMAC) scores (13).
All surgical-focused studies considered revision surgery, and 23 considered two or more
surgical revisions. Nine studies also considered surgery-related complications (e.g.: infection,
bleeding, dislocation).
For pharmacological-focused studies, the most important modelling event was medical
AEs/regimen toxicity. Studies conducted before 2002 only included GI AEs, while post-2002
studies also considered CV AEs and renal toxicity. Twenty studies included CV AEs, and
eleven considered discontinuation (mostly published after 2013). Only three studies considered
treatment adherence (55, 59, 60).
Uncertainty analysis
Uncertainty analysis was reported in 86 (98%) studies, with most (n=47) conducting more than
one type of sensitivity analysis. The adopted methods included: (a) deterministic (univariate
and/or multivariate) sensitivity analysis (DSA) (n=68), (b) probability sensitivity analysis
(PSA) (n=43), (c) threshold analysis (n=4), and (d) scenario analysis (n=2). Five studies did
not report the type of sensitivity analysis. Whilst DSA was popular across the reporting periods,
PSA was first adopted in 2001 and became increasingly common thereafter. The most
commonly evaluated parameters included costs, health state utilities (HSUs), probabilities of
AEs, and treatment efficacy.
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Reporting quality assessment
The reporting quality of all studies was assessed, with the exception of one study for which this
was not applicable (61). The mean (standard deviation) score of all studies was 81% (9%). The
reporting quality improved after 2001 and remained relatively high thereafter (Appendix 8a).
Overall, 64 out of 87 studies exhibited a high reporting quality (>75%) (Appendix 8b). Whilst
no study fully met CHEERS criteria, three achieved the highest reporting quality score of 96%.
The CHEERS criteria were mostly met for the items of introduction, comparators, time horizon,
resources and cost estimation, and uncertainty characterisation. However, the title (in terms of
describing the interventions compared), abstract (in terms of the study perspective, setting,
study inputs, and uncertainty analyses), and effectiveness measurement were commonly underreported.
Discussion
This is the first study comprehensively reviewing the evolution of HEEMs for all forms of OA.
Our review found that OA modelled evaluations are of a wide variety and have evolved
substantially over time, with their emphasis and complexity shifting from pharmacologicalfocused short-to-medium term decision-tree models to surgical-focused lifetime Markov
models. Existing HEEMs have limitations related to the choice of model input parameters,
discount rates, and model health states/events. For instance, indirect costs related to OA were
mostly not considered. Discount rates were mostly consistent with local guidelines, however,
most studies failed to gauge the sensitivity of the model outcomes to discount rate changes.
Most studies failed to consider important model events (e.g.: CV AEs), therapeutic adherence
and treatment discontinuation. Despite clear guidelines (11), studies failed to pay adequate
attention to lifestyle management, non-drug treatments and preventions. The reporting quality

13

of included studies was reasonably satisfactory, however, the title, abstract, and effectiveness
measures were mostly reported inadequately.
Cost categories considered in OA models should be consistent with the perspective (62). In this
review, however, more than half (15 of 24) of the studies using a societal perspective failed to
incorporate indirect costs, and of the 14 focused on patients of working age (< 65 years), only
six considered productivity losses. Similarly, when modelling is for older populations (37-39),
special consideration should be given to include the potentially large contribution of informal
care costs (63), but only one study in this review included this. Given the increasing popularity
of the societal perspective in recent years, we recommend future studies include all relevant
costs, particularly the indirect costs from lost wages/productivity (64).
The focus of modelled evaluations of OA interventions changed over time. Prior to 2005,
studies focused on pharmacological treatments; subsequently the focus shifted to surgical
treatments. Our finding is consistent with the increasing popularity of surgical treatment for
OA since 2000 (65) but the availability of relevant longitudinal data from national joint
replacement registries may also have contributed to this rise (66). Most pharmacological
studies focused on all types of OA combined and/or general arthritis patients, as there is no
evidence of different treatment effects of drugs between OA types (43). In contrast, most
studies of surgery focused on a specific type of OA (e.g.: knee and/or hip OA). Other (e.g.:
ankle and glenohumeral) joints attracted limited attention, as might be expected due to the
relatively low prevalence of OA at those joint sites (67, 68). As the studies focusing on ankle
and glenohumeral joints were published before 2010, updated studies of these joint sites should
be on the agenda for future research.
A limited number of HEEMs focused on lifestyle, non-drug treatments and preventions. This
is despite guidelines (11, 69) recommending such interventions before pharmacological and
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surgical treatments. Because OA is a preventable, non-curable and progressive condition, it is
critical that future studies investigate the impact of prevention and non-drug and non-surgical
treatments on clinical and health-economic outcomes.
The most commonly used effectiveness measure was QALYs, with the proportion of studies
reporting this increasing from 48% before 2008 to 93% thereafter. This is in accordance with
national and international guidelines that recommend the use of QALYs (70). Importantly, the
calculation of QALYs relies on HSUs that can be obtained from a variety of sources such as
primary studies (37), systematic reviews (47) or randomized controlled trials (71). As different
populations may value health states differently, caution is required when using non-locally
derived HSUs (37, 72). Whilst disease-specific effectiveness measures (e.g.: revision free life
years) provide information in more clinically relevant terms, these measures are not preferencebased and also suffer from other limitations including the lack of comparability, and difficulty
in trading-off across different diseases (73). Thus, the transition to use of QALYs reflects best
practice, and use of QALYs based on local HSUs is recommended in future studies.
More than half studies applied lifetime horizon; however, this only became popular after 2010.
This change could be related to two factors: first, Markov models became more popular in
recent years which tend to adopt lifetime horizons due to their ability to take into account the
re-occurrence of model events (74); and second, CV AEs of pharmacological treatments were
taken into account in recent years which, comparing with GI AEs, have a larger impact on
mortality (60). As OA is a chronic condition with on-going medical management, we
recommend use of lifetime horizons in future studies, especially when using a Markov model
structure (75) and in situations where an intervention is expected to influence mortality rates
(76).
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Discount rates varied between study settings. The use of 3% and 3.5% discount rates in most
US and UK based studies aligned well with the local guidelines (77, 78). However, 64% (9 out
of 14) of studies conducted in other nations did not use discount rates from national guidelines
(15, 47, 60, 79). Reporting of the discount rate has improved over time, which is as expected
from the recent introduction of CHEERS statement for the development and appraisal of health
economic evaluations (28). A significant majority (83%) of included studies did not conduct
sensitivity analyses for discount rates, which contrasts recommendations (80). Future studies
should choose a discount rate that is in-line with local guidelines and assess the sensitivity of
the model outcomes to discount rate changes.
The choice of model events varied between studies and over time. Pharmacological-focused
models evolved in their complexity by incorporating more AEs (such as CV AEs) and regimen
discontinuation. However, the models of surgical treatments (with revision surgery being the
most important model event) did not evolve to the same extent. Differences existed between
studies in terms of the number of considered revisions. Considering the ten-yearly cumulative
re-revision rates of primary total knee (22.8%) and hip replacement (21.5%) and the factors
influencing these rates (81), the times of revision surgery should be decided based on the age
of the target population and the surgery techniques of interest. The high rates of OA medical
AEs and possibility of revision surgery impose significant additional costs (40), likely
impacting the outcomes of cost-effectiveness analyses (22). Future HEEMs should therefore
incorporate all relevant OA and treatment related events and complications/revisions.
The choice of modelling method varied between studies and over time, with Markov models
becoming more popular after 2008. This is consistent with numerous decision analytic
modelling guidelines (74, 76, 82), and suits the chronic nature of OA with the possibility of
recurrent health events (75). Consistent with previous findings (83, 84), TreeAge was the single
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most popular modelling software followed by Microsoft Excel at all periods. Both software
have been found equally reliable in conducting health-economic evaluations, and choice of
software can depend on software availability, implementation skills, time constraints and enduser requirements (83, 84). We identified four popular OA HEEM structures, each with their
own strengths and limitations. The original form of the NICE model included GI and CV AEs;
however, treatment discontinuation and adherence were not included. The NICE model was
extended in two studies by incorporating dose titration, discontinuation and additional AEs (44,
46). However, data on discontinuation is not easily available. The OAPoL model accounts for
the inter-relationships among key variables such as the function of pain, obesity, and
comorbidities. However, the inherent dependence of this model on scarce data for key variables
limits its widespread use. The model developed by Fitzpatrick can be easily adapted to suit
alternative settings and study objectives. However, it is considered too simple to fully evaluate
the various outcomes between alternative surgeries (37, 85). Lastly, the model developed by
Burke considered the severity of GI AEs and can easily be adapted to different settings (53,
54). However, it fails to consider other events such as CV AEs, discontinuation, and its time
horizon of <1-year is not well suited to the chronic nature of OA.
PSA showed increasing popularity after 2001 which could be the result of an increasing
awareness of PSA’s importance in health economics over time (86) and advances in
computational technologies. Limited studies evaluated the sensitivity of model outcomes to
important input parameters including OA definitions and population parameters. We
recommend considering these relatively neglected aspects in future modelling studies.
We recommend the use of Markov models due to their ability to incorporate repetitive (short
and long-term) health events, including important medical AEs, therapeutic adherence, and
discontinuation. Importantly, the probabilities of medical AEs, and time to events (e.g.:
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decision for joint replacement, revision surgery) depend on the history of previous states;
however, no study in our review considered this important dimension. We therefore
recommend future studies to integrate memory into their models to avoid problems associated
with the Markov assumption of memoryless-ness. Future HEEMs should also benefit from the
recent availability of MRI-based data on OA definitions, progression and MRI-based markers
(19), and advances in new data science (that have enabled the use of machine learning-based
patient-specific prediction models) (87).
This review found the reporting quality of studies has improved and has been reasonably
satisfactory over time. Nonetheless, further improvements could be made, particularly, in
relation to the quality of title, abstract, and effectiveness measures. As poor reporting may lead
to costly decisions, future studies should ensure high transparency and reporting quality in all
areas.
The strengths of our review include its comprehensive nature and the incorporation of
assessment of reporting quality. The inclusion of all OA therapies builds on two existing
systematic reviews of OA oral therapies and surgical interventions (21, 22). Furthermore, our
review summarised the development of OA models in terms of various model characteristics,
which will help to evaluate the existing OA HEEMs and guide the development of a
comprehensive gold standard HEEM of OA. Lastly, our assessment of reporting quality should
be of interest to future researchers in improving the reporting quality of their health-economic
modelling studies. A limitation is that our study did not cover studies published in languages
other than English, Chinese and German. However, this may have a minimal impact on our
key conclusions as only a small number of studies (n=20) were subject to language exclusions.
A further limitation is that as we only had a small number of studies comparing OA
preventative interventions, the review is predominantly focused on OA treatments. Future
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studies will need to consider the synthesis of OA prevention models as more evidence becomes
available.
Conclusion
OA HEEMs are of a wide variety and evolved substantially over time. Furthermore, the number
of modelled OA evaluations have rapidly increased in recent years. The focus of OA HEEs has
shifted from short-to-medium-term pharmacological-focused decision-tree models to surgicalfocused lifetime Markov models. We recommend future HEEMs use life-time Markovian
model structures with memory integration and should also incorporate all relevant costs, model
events, therapeutic adherence, discontinuation, appropriate discount rate and time horizon, and
conduct sensitivity analyses for input parameters. Finally, we recommend improvements in
relation to the reporting quality of (1) title, (2) abstract, and (3) effectiveness measurement.
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51 conference abstracts
20 against language criteria
13 not model based
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hand searching (n=5)
Studies included (n=88)
Figure 1. Flow chart results of study search based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses methodology.
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