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Summary

Health economics uses quality adjusted life years (QALYS) to help healthcare decision
makers. However, unlike life expectancy for which age- and sex-dependent national life
tables are available, no general population norms exist to use as a benchmark against which
to compare observed or modelled projections of QALY's in sub-populations or patients. We
developed a 2-state Markov model to generate QALY population norms for the USA, UK,
China and Australia. Annual age- and sex-specific probabilities of all-cause mortality were
taken from life tables combined with general population country-specific age- and sex-
specific health state utilities for the EQ-5D-3L (all countries); and SF-6D (Australia) multi-
attribute utility instruments (MAUI). To validate our QALY benchmark model we found that
the model closely predicted population life expectancies. Using EQ-5D-3L, undiscounted
QALYs for males/females aged 18 years ranged 54.62/58.90 (USA), 55.55/60.21 (China),
57.11/60.16 (Australia), and 58.01/61.43 (UK) years. SF-6D benchmark QALY s for
Australia were consistently lower than those generated from the EQ-5D-3L. The gap in
undiscounted QALY between the UK (highest) and the USA (lowest) was 2.53 QALYSs in
women and 3.39 QALYSs in men aged 18 years. Our model’s QALY population norms can be
used for internal validation of future health economic models for the country-specific value
sets for the instruments that we adopted, and when quantifying burden of disease in terms of
QALYs lost due to illness compared to the general population. We have created a publicly
available repository to continuously include QALY benchmarks that use country-specific

value sets for other MAUIs and life expectancies.
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1 INTRODUCTION

1.1 Health Economics and Resource Allocation

Confronting choices about how to spend society’s limited health care resources will never be
easy (Neumann and Sanders 2017, Lancsar, Gu et al. 2020). Economic evaluation of health
care using methods such as cost-effectiveness analyses, investigates competing alternatives
for scarce healthcare resources (Drummond, Sculpher et al. 2015). The unprecedented global
COVID-19 pandemic has tested the allocation of scarce healthcare resources to unparalleled
limits — we have observed the critical and rapid mobilisation of these resources to deal with
multiple, complex and interdependent healthcare challenges ranging from caring for the
gravely ill to suppressing the spread of COVID-19 within the broader community (McAnulty
and Ward 2020). Nevertheless, in the aftermath of the pandemic, it is likely that the allocation
of healthcare resources will be increasingly challenging against the backdrop of a global
economic recession (Chilton, Nielsen et al. 2020, OECD 2020). Therefore, robust health
economic modelling, including the derivation of quality-adjusted life years (QALYS) in cost-
utility analysis (CUA) to help healthcare decision makers, will be even more relevant in the

post-pandemic environment.

1.2 Benchmarking for QALYSs

QALYSs are a metric of health economic evaluation outcome commonly used in CUAs (a
form of cost-effectiveness analyses), particularly in ever-increasing health technology
assessments worldwide. The reliability of the health economic evaluation is often tested by
the validation process. For example, the life expectancies generated from the health economic
model are commonly compared to the population-specific life tables (Si, Winzenberg et al.
2015). While QALYSs are among the important outcomes in CUA, no population norms for
health economics QALY's exist to provide a benchmark against which the QALY's of

population sub-groups, or patients with particular diseases, can be compared.
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More specifically, QALY (as a composite measure included within the broader category of
health-adjusted life years [HALYSs]) are frequently used to summarise the quality and
quantity of life associated with a condition/disease or intervention (Drummond, Sculpher et
al. 2015). QALYs combine health state utilities (HSUs; that assess the strength of preference
for an individual’s health state relative to perfect health=1 and death=0) with life expectancy,
providing a common measure that can be used to compare health outcomes. HSUs used to
calculate QALY's can be derived from a range of ‘direct’ and ‘indirect’ patient-reported
methods. Direct measurement seeks a patient-reported outcome ‘directly’ by asking the
person to value their own health under conditions of uncertainty by using a valuation
technique such as time trade-off or standard gamble methodologies (Torrance 1987). Indirect
measurement seeks a patient-reported response to a set of pre-determined questions on a
multi-attribute utility instrument’s (MAUI) questionnaire. The patient-reported responses to
this MAUI-specific questionnaire are then attributed a utility value through a pre-determined
set of utilities (country-specific value sets) for the particular MAUI (Ara and Brazier 2014).
The value sets that are derived for the patient-reported responses to the MAUI questionnaires
reflect the value systems of the country population for which they are derived and this will
differ from country to country (Clemens, Begum et al. 2014). Additionally, country (or even
region) specific population norms (including age- and sex-specific) also reflect the value

systems of the population for which they are derived (Kularatna, Byrnes et al. 2017).

Importantly, QALYs are commonly used in decisions about health care technologies — for
example, the UK’s National Institute for Health and Care Excellence and Australia’s
Pharmaceutical and Medical Benefits Advisory Committees when considering reimbursement
of new healthcare interventions (NICE 2018). Use of cost effectiveness, based on QALYS,

continues to grow as new countries introduce Health Technology Appraisal (e.g. India
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(Downey, Mehndiratta et al. 2017, Prinja, Downey et al. 2018) and China (MacQuilkan,

Baker et al. 2018)).

Despite QALY's having been used in economic evaluation for many decades, no population
benchmark QALY data have been published to date, so comparisons of QALY's or QALY
loss between a study cohort and the general population of any given country, or between

countries, are not possible. This is an important gap.

1.3 Benchmarking Population Health Summary Measures — State of Play

Additionally, several population health summary measures have been developed to evaluate
the health status of populations (Gold, Stevenson et al. 2002, Flanagan, Boswell-Purdy et al.
2005). These summary measures are used in both the health policy context, and as metrics of
health outcomes in economic evaluation (Drummond, Sculpher et al. 2015). Reflecting both
the context for the development of these measures and the inherent challenges of using a
single measure to summarise the health of a population, two broad categories have emerged:
life expectancy/mortality and HALYs — a broad class of measures (including QALYS) that
combine mortality with a measure of morbidity, disability or health-related quality of life

(Gold, Stevenson et al. 2002).

For life expectancy, a range of population summary measures are available for many
countries, including life tables providing age- and sex-specific life expectancy, infant
mortality, all-cause and disease-specific mortality (Gold, Stevenson et al. 2002). These
measures allow comparisons between countries and are also used as a benchmark to evaluate
the impact of disease and medical interventions (Gold, Stevenson et al. 2002). A key
limitation of these measures, however, is that the impact of problems with function,

disability, pain, distress or quality of life on health is not captured (Field and Gold 1998).
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HALY is an umbrella term for a range of measures that combine mortality with measures that
reflect the impact of disease and/or disability. As well as the QALY another commonly used
HALY is the disability-adjusted life year (DALY that was developed for the Global Burden
of Disease Study in the early 1990s to quantify disease and disability within a given
population (Murray 1994, Murray and Lopez 1994). DALY aim to quantify the number of
years of life lost due to poor health, compared to an ideal health situation free of disease and
disability (Culyer 2014, Kassebaum, Arora et al. 2016). Another measure is the disability free
life expectancy (DFLE) measure that was developed to assess whether gains in life
expectancy achieved in recent decades have resulted in time spent in ‘good or bad health’
(Jagger, McKee et al. 2013), with a healthy condition represented by the absence of disability
or limitations in the functioning of individuals (Eurostat 2018). This measure can apply a
dichotomous definition of disability (Sullivan 1971, Imai and Soneji 2007), or alternately,
grade disability using categories of long-term limitations on activity. This latter approach
provides a measure referred to as Healthy Life Years (HLY) (Wolfson 1996), and is used as a

key health indicator across the European Union (Jagger, McKee et al. 2013).

HALYSs can be calculated using one of the prevalence or incidence methods. The most
commonly used method for the prevalence approach is Sullivan’s, which combines mortality
data from life tables with a measure of disability, morbidity or health related quality of life
(Sullivan 1971). For example, a QALY can be calculated by multiplying the quality of life
HSU by life expectancy. Alternatively, incidence-based methods use multi-state life tables
and data on transitional probabilities between health states. The life course of cohorts can
then be estimated using a microsimulation model, which incorporates age, sex, transitions
between risk factor classes and changes between disease states over time. Examples of this

approach include the Population Health Model (POHEM) developed by Statistics Canada
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(Hennessy, Flanagan et al. 2015) and the Netherlands Chronic Disease Model (Hoogenveen,

van Baal et al. 2010).

Importantly, the relevance of the above background for our study is that for the suite of
measures described above, with the exception of QALYS, population benchmarks are
available. For example, the Global Burden of Disease groups have published DALY data that
allow for comparisons between and within countries, for populations and specific diseases
(Institute for Health Metrics and Evaluation 2013, G. B. D. DALY’ and Hale Collaborators
2017). Such population benchmark data can also be used to demonstrate the impact of

diseases, such as multiple sclerosis, in comparison to the general population.

1.4 Aims of our study

To support the drive for open source health economics (Dunlop, Mason et al. 2017), we
aimed to produce the first validated set of age- and sex-specific QALY population
norms/benchmarks for four countries. To achieve our aim we developed and validated a tool
to generate multi-country, population-based QALY's using HSU data derived from two
MAUIs namely the EQ-5D-3L MAUI (a globally prevalent MAUI used in over 60% of
health economic evaluations (Richardson, lezzi et al. 2016) for the United States of America
(USA), the United Kingdom (UK), China and Australia. For sensitivity analyses we also used
the SF-6D MAUI for Australia only to reveal differences in benchmark QALY's, with the
addition of further country-, age-, sex- and instrument-specific QALY informed by different

country-specific MAUI value sets planned in the future.

As a parallel aim, we will foster a community of interest through the sharing of QALY

benchmarks through an integrated online open source repository.
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2 METHODS

2.1 Model structure and parameters

2.1.1 Markov model

A probabilistic Markov model was developed with two health states (‘alive’ and ‘dead’)
incorporated in the benchmark QALY model (Figure 1). Simulated patients transited from
‘alive’ to ‘dead’ with a 1-year cycle length based on annual mortality risks by age, sex and
population, otherwise they stayed in the ‘alive’ state with updated age and HSU for the next
simulation cycle. When a patient transited in the ‘dead’ state, a cumulative QALY was

calculated.

2.1.2 Mortality risk

Four countries were included in this initial version of the model, namely the USA, China,
UK, and Australia. Age- and sex-specific mortality rates for the general population were
obtained from the Centers for Disease Control and Prevention (Xu, Murphy et al. 2016), the
National Bureau of Statistics of China (China 2010), Office for National Statistics of the UK
(Statistics.), and Australian Bureau of Statistics (Statistics 2015), respectively. The annual
mortality rates were converted to annual risks using the following formula:

p=1-exp(-7)

where p is the mortality risk, r is the annual mortality rate by age, sex and population.

2.1.3 EQ-5D-3L and SF-6D MAUIs

The EQ-5D-3L is a globally prevalent MAUI that assesses 243 health states derived from the
5 question and 3 level questionnaire (Dolan 1997). EQ-5D-3L value sets are available for
many developed and developing countries and the instrument’s algorithm assesses health
states considered worse than death (less than zero) for some countries (Clemens, Begum et al.

2014, Devlin and Brooks 2017). We adopted the 3L for the inaugural set of benchmark
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QALYs given the prevalence of this ‘legacy instrument’ and the existence of value sets for all

four countries for the 3L.

For sensitivity analyses, we adopted the SF-6D for Australia only to test for differences in
benchmark QALYSs for this preferentially sensitive instrument for complex and chronic
disease and to show the ability of including other MAUI HSUs in the model (Brazier, Roberts
et al. 2004, Kularatna, Byrnes et al. 2017, Campbell, Jelinek et al. 2020). The SF-6D’s HSUs
are derived from patient-reported responses to the SF-36 (11 questions) or SF-12
questionnaire and the SF-6D version 1 algorithm assesses HSUs for 18,000 separate health
states (Brazier, Roberts et al. 2002). The SF-6D’s algorithmic range for the Australian value
set (-0.363 — 1.0) is similar to the EQ-5D-3L (-0.217 — 1.0 model 3) (Viney, Norman et al.

2011, Norman, Viney et al. 2014).

Each type of MAUI may provide different utility values, even when used in the same study
population including the general population norms for a country (Campbell, Palmer et al.
2016). The overall differences in the most commonly used MAUI’s HSUs for the same
country is predominantly attributable to their differing descriptive systems whereby the
absolute average difference between the most common instruments is 0.135 utility points
(Richardson, lezzi et al. 2015). Additionally, the same instrument is likely to value different
HSUs for different countries (Augustovski, Irazola et al. 2009, Viney, Norman et al. 2011,

Clemens, Begum et al. 2014).

Therefore, to generate the first example of benchmark QALYS, the EQ-5D-3L MAUI’s HSUs
for the general population in the USA, China, UK and Australia, and the SF-6D MAUTI’s
HSUs for Australia only were obtained from published literature (Dolan 1997, Kind,
Hardman et al. 1999, Shaw, Johnson et al. 2005, Sullivan and Ghushchyan 2006, Viney,

Norman et al. 2011, Clemens, Begum et al. 2014, Norman, Viney et al. 2014, Si, Shi et al.
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2017). HSU data is generally not distributed normally, therefore, beta distributions were used

to reflect the left skewed nature of HSUs in the general population (Gray, Clarke et al. 2010).
2.2 Validation of the benchmark QALY model

Face validation and verification of life expectancy generated from the model versus published
life tables were conducted to ensure model validity. Face validity of the model refers to
whether model structure, data sources, problem formulation and results are meaningful
(Eddy, Hollingworth et al.). In addition, we have generated age- and sex-specific life
expectancies from the model by disabling the HSUs (i.e. only accounted for years of living)
component and comparing them to published life expectancies that were generated from other
statistical methods. Goodness-of-fit analysis was conducted, life expectancies calculated by
the model were regressed against published data and the slope of the regression line was
provided to gauge the accuracy of model predictions compared to published data. In addition,
R-squared of the regression line and the root mean square error (MSE) were reported to
indicate how well the regression model performed to measure in the difference between the

model predictions and that from the literature.
2.3 Prediction of QALYs

TreeAge Pro for Health Care 2017 version (Williamstown, Massachusetts, USA) was
employed to develop the benchmark QALY model and to run simulations. Mean, 2.5 and
97.5" percentiles of QALY by country were generated by second order Monte-Carlo
simulation resampled 100,000 times. Abridged residual lifetime QALY's by country were
generated from Monte-Carlo simulation with 5-year intervals and were then fitted into
polynomial models to generate age-specific QALYSs. Goodness-of-fit analysis was conducted
with R-squared for each polynomial model to ensure its accuracy of predicting age-specific

QALYs. The polynomial model is expressed as:
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y=BotBax+Bax*+Bax’

As discounting of QALY is often required in cost-utility analyses in many jurisdictions
(Severens and Milne 2004), we have also provided benchmark QALY's with annual discount

rates of 3% and 5% in addition to non-discounted values.
3 RESULTS
3.1 Model validation and Benchmark QALY

QALY calculation involves age- and sex- specific mortality and HSUs in that given time. To
ensure that our model can accurately predict QALYS, we needed to ensure that our model can
produce reliable life expectancies. Therefore, we conducted the life expectancy verification
by comparing the life expectancy that were generated from our model against that from
published life tables in each country - a total of 70 sets of life expectancy comparisons were
conducted to ensure that our model could accurately predict QALYSs. There were a total of
104 pairs of life expectancies generated from the model and that from the literature compared
as the life expectancy verification process. Ten pairs for the Australian population; 34 pairs
for the Chinese population; 32 pairs for the UK population and 28 pairs from the US
population (Appendix 1 —tables 1, 2, 3 and 4 respectively). All comparisons are graphed
using a linear approach (Figure 2). The slope of the regression line for life expectancies from
published literature and modelled predictions was 0.998. In addition, the R-squared and the
root MSE of the linear regression model was 0.99 and 0.32 respectively, indicating a good

reproducibility of life expectancy from the benchmark QALY model (Figure 2).

Age- and sex-specific QALYSs by country generated from the model are shown in Table 1. In
addition to undiscounted QALY's, we have also presented QALY discounted at 3% and 5%
per annum in Tables 2 and 3. Table 4 reveals the differences in QALY's when using either the

EQ-5D-3L or the SF-6D for Australia.
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Overall, and similar to life expectancy, women were found to have higher QALY's compared
to men. Undiscounted QALYSs generated by the EQ-5D-3L HSUs for males aged 18 years
ranged from 54.62 years (USA), 55.55 (China), 57.11 (Australia), and 58.01 (UK).
Additionally, for females aged 18 years, undiscounted QALY's were 58.9 years (USA), 60.16
(Australia), 60.21 (China), and 61.43 (UK). QALY decreased with age in both sexes (Tables

1,2,3).

Similar trends were reflected in the undiscounted benchmark QALY's generated for the
Australian value set using the SF-6D MAUI whereby females consistently recorded higher
QALYSs than males. Due to the expected differences in the utility valuations of the two
MAUIs (Richardson, lezzi et al. 2015) the undiscounted benchmark QALY ’s for Australia
also recorded a mean negative difference of 3.0 QALYSs for males from the EQ-5D-3L
estimates to the SF-6D estimates, and for females 4.58 QALYSs. These results also translated
to a mean 10% difference for males and a mean 14% difference for females. (Figure 3, Table

4),

In regard to the country differences, overall the UK population was estimated to have the
highest QALY's compared with the other three countries. The difference in undiscounted
QALY between the UK (highest) and the USA (lowest) was 2.53 QALY's in women and

3.39 QALYs in men aged 18 years old.

Table 5 shows the cubic polynomial model that was chosen as the QALY prediction model
for continuous age. Moreover, the QALY prediction model was fitted against values that
were generated from the QALY benchmark model, all prediction models had an explanatory
power (R-squared) greater than 0.99 (Appendix 2). A complete benchmark continuous
QALY table is provided in Appendix 3 and is uploaded online in our open source repository

of all benchmark QALYSs: http://menzies.utas.edu.au/galy benchmarks.
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DISCUSSION

This study provides the first QALY benchmarks for the USA, China, UK and Australia.
Using a probabilistic Markov model with annual transitions, we have generated benchmark
QALYs using both the EQ-5D-3L and SF-6D MAUISs for country-specific value sets for
males and females for age 18 years and from age 20 years to age 85 years with a 5-year
interval. In addition, we have generated continuous annual QALY's based on the abridged
QALY using polynomial equations. To reflect requirements of decision makers, QALY's
have also been reported with 3% and 5% discount rates applied. We have demonstrated the
importance of generating QALY s for each instrument, and that QALY's generated from one
instrument or another country-specific value set are not comparable with those generated

from another.

Importantly, our QALY benchmarks have addressed a pressing information gap in the health
economics and policy-making literature by providing much needed population benchmarks
that will enable health economists to further internally validate their cost-utility models used
for the economic evaluation of health interventions. Ultimately, robust decisions regarding
the allocation of scarce healthcare resources from one alternative to another can be made with
additional confidence if the health economics cost-utility model’s output metrics (including
QALYsS) used to inform decision makers can be further demonstrated to be valid with our
QALY benchmarks. Another example of the usefulness of our QALY benchmarks relates to a
recent paper that explored the societal concerns about the equitable distribution of resources
within a model that adjusts for severity probabilities (Versteegh, Ramos et al. 2019). The
pretext of this paper was that an often overlooked issue was the uncertainty and heterogeneity
in the estimate of severity. We suggest that the findings of that paper are synergistic with our
work whereby the outcomes of severity probabilities could also be validated within our

QALY benchmarks frameworks to make the necessary comparisons.
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These data can also be used to demonstrate the impact of different health states on QALY in
comparison to the general population. An example of this is provided by a recent Australian
study (43) on the impact of multiple sclerosis (MS). This Australian study reported that life
expectancy for 35-year old females with MS was 43.3 years (42.2-44.2); 6.9 years less than
that for a 35-year old Australian woman from the general population. QALY for 35-year old
females were estimated to be 28.7 years (26.7-30.4), 12.6 years less than the age and sex-
specific population norm (Ahmad, Taylor et al. 2017). Another example is the lifetime
projection of life expectancy and QALY for type 2 diabetes patients in the UK (Clarke, Gray
et al. 2004), in which the UKPDS group reported life expectancies for males with type 2
diabetes aged 45-50 of 25.54 years versus 30.05 years in the general population, a difference
of approximately 5 years. The UKPDS were unable to compare their QALY estimates to any
UK population norms. However, we can how compare their reported projections of 18.82
undiscounted QALY with our estimate of 28.15 QALY for the general UK population, a
difference of 9.33 QALYSs. Use of QALY benchmarks as comparators in these studies
allowed for a more nuanced description of the impact of MS and diabetes on individuals

living with these diseases.

At present, the QALY benchmarks have been calculated using utility data generated from the
EQ-5D-3L for the USA, China and the UK. Importantly, to further demonstrate the capacity
of our model of incorporating HSUs of different MAUIs, we also calculated the QALY
benchmarks for Australia using both the SF-6D and EQ-5D-3L. We expected that the QALY
benchmarks for the SF-6D to be reduced compared to the EQ-5D-3L. One of the reasons for
this expectation is due to the differences in the two instruments’ classification systems
leading to an increased ‘ceiling effect’ for the EQ-5D-3L and a reduced sensitivity of the EQ-
5D-3L in the upper bounds of good health where participants respond as approaching full

health including perfect health (utility 1.0). It is noted that the EQ-5D-5L was developed to
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address the limited sensitivity (lack of descriptive richness and serious ceiling effects
(Herdman, Gudex et al. 2011)) of the EQ-5D-3L. Nevertheless, the EQ-5D-5L still suffers

from ceiling effects as respondents approach full health (Campbell, Palmer et al. 2016).

Another important reason is that differences between country-specific value sets inherently
include differences in protocols, the model selected to estimate the value set, country-specific
cultural differences, and the study date for the generation of the value set. To illustrate, a
recent study described the comparisons of value sets between different countries for the EQ-
5D-3L and noted that the health-state description of 11223 (no problems with mobility or
self-care, some problems performing usual activities, moderate pain or discomfort, and
extremely anxious or depressed), the HSUs from the UK and USA value sets are 0.255 and
0.506, respectively (Clemens, Begum et al. 2014). This is substantially different and leads to
differences in QALY estimates. Therefore country-specific value sets should be used
whenever possible. The same study also established that using the Australian value set for the
EQ-5D-3L resulted in significantly different mean HSUs compared to the UK. However, the
paper also noted that the absolute differences were small and less than the minimal clinically
important difference (mean HSUs: 0.87, 0.86, 0.89 using the Australian, UK and USA value

sets, respectively) (Clemens, Begum et al. 2014).

The current model was employed for the USA, China, UK and Australia using the EQ-5D-3L
HSUs to generate benchmark QALY's. We also used the SF-6D age- and sex-specific HSUs
for Australia to provide further evidence of model validation and benchmark QALYSs.
Therefore, the differences described above have translated to the expected divergence in our
QALY benchmarks across our four selected countries for the EQ-5D-3L; and within the same
country (Australia) for the SF-6D that we expected to be reduced from the EQ-5D-5L
because of the inherent ceiling effects (and therefore decreased discriminatory sensitivity) of

the EQ-5D-3L compared to the SF-6D. As a consequence, these results highlight the need for
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country- and MAUI-specific QALY benchmarks for health economists to use to internally
validate their health economics models. Importantly, this model specification is flexible, and
therefore can be used in other study and country populations once relevant population-

specific mortality and utility valuation data has been included.

Our QALY benchmarks are a useful resource for health economic modellers, policy-decision
makers and clinicians alike. We will continue to update the model with population-level
utility data elicited from other commonly used MAUIs, including the EQ-5D-5L, SF-6D (for
additional countries), 15 Dimension (15D), Health Utilities Index (HUI 2 and 3), the AQoL
suite of instruments (notably the AQoL-8D), and others (e.g. PROMIS) as value sets become
available for individual countries. Other researchers interested in generating similar
benchmarks for their particular country or using alternative HSUs generated by other MAUIs
are encouraged to contact the corresponding author for instructions on data requirements and

format.

Importantly, we have provided an open source repository of the data generated from this
study and we will include additional countries and instruments as they become available at
the following website: http://menzies.utas.edu.au/qaly_benchmarks. Our team has the
expertise and track-record in developing a global community of interest (Association 2007,
Palmer and Group 2013, Palmer, Si et al. 2018). Over time, we plan for to develop a
comprehensive open source repository on QALY benchmarking and to develop a community

of interest around this.

Strengths and Limitations

There are several strengths of this study. First, the model underwent extensive internal
validation testing (and was comprehensively and robustly proved to be valid), the process and

outcomes of this rigour are described in this paper. Second, the model can easily be adapted
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to include new countries, additional country-specific HSUs from these instruments used in
this study and other MAUIs, and updated life tables as new data become available, to provide
a comprehensive resource and community of interest: all QALY benchmarks will continue to

be provided on our publicly accessible website.

There are some limitations to our study. The key limitation of our study is that the
polynomial equations that were used to generate continuous QALY do not have a perfect
goodness-of-fit with the results generated from the Markov model. For example, the
undiscounted mean QALY for the Australian woman at age 18 years was 60.16 years from
the Markov model (Table 1) and it was 60.59 years from the polynomial equation prediction.
Nevertheless, the cubic equations were generated with an overall reasonable goodness-of-fit.
Therefore, health economists are encouraged to validate their QALY's against our results in
Table 1-3 for abridged ages. For other ages, they can be compared against results generated

from the polynomial equations that are presented in our online tool.

Another limitation is the use of the EQ-5D-3L where the value sets for each country are
different and are now being replaced by the EQ-5D-5L value sets, nevertheless (and as noted
in the paper) we have developed the first set of QALY benchmarks with the ‘legacy’ EQ-5D-
3L and this instrument remains prevalent in the literature (including for some new studies). A
related limitation is the variation of utility values across MAUIs. An important
recommendation regarding the use of QALY benchmarks is the need to compare like with
like. Utility values generated from different instruments can vary and this is a limitation. On
the other hand, this is a known fact in the international health preferences research and health
economics literature (Richardson, lezzi et al. 2015) and our paper has demonstrated this with
a comparison of two instruments for one country. For example, Australian population norm
data for young females has been reported to be 0.78 using the SF-6D (ages 18-30 years)

(Norman, Church et al. 2013), 0.89 using the AQoL-8D (ages 16-24 years) (Maxwell, Ozmen
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et al. 2016) and 0.90 using the EQ-5D-3L (ages 18-24 years) (Clemens, Begum et al. 2014).
Therefore, using the QALY benchmarks and study-specific QALY generated from the same

instrument and country-specific value sets if available is recommended.
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CONCLUSIONS

The principal aim of this paper was to provide age-and sex- population norms for QALYSs in
four countries to serve as a benchmark for health economic modellers when they conduct
internal validation of their economic model. We have developed an accessible health
economics tool to generate country-, sex- and MAUI-specific benchmark QALY s that will be
refined, expanded and updated as new data become available, and will be made publicly
available on the Internet. This open source repository aims to become the gold-standard
resource for QALY benchmarks, and also provide the platform for a community of interest to
develop. We have demonstrated the importance of generating QALY for each instrument,
and that QALY's generated from one instrument, or another country-specific value set, are not

comparable with those generated from another.

Using these benchmarks now and into the future will provide the opportunity for researchers
and policy-makers to quantify and further understand the impact of diseases on QALY

versus the general population.
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Tables

Table 1: Undiscounted age- and sex-specific quality adjusted life years (QALYs) by country generated by the benchmark QALY model *

Age

USA**

China**

UK**

Australia**

Australia***

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

18
20
25
30
35
40
45
50
55
60
65
70
75
80
85

54.62 (54.53, 54.72)
52.85 (52.76, 52.94)
48.54 (48.46, 48.63)
43.24 (43.17, 43.32)
39.06 (38.99, 39.12)
33.72 (33.65, 33.79)
29.76 (29.70, 29.82)
25.08 (25.00, 25.15)
21.58 (21.51, 21.64)
17.87 (17.81, 17.93)
14.82 (14.77, 14.87)
11.45 (11.40, 11.49)

8.91 (8.88, 8.95)

6.23 (6.19, 6.27)

457 (4.54, 4.60)

58.90 (58.80, 59.00)
57.09 (56.09, 57.19)
52.60 (52.51, 52.69)
47.04 (46.96, 47.12)
42.70 (42.63, 42.78)
37.13 (37.06, 37.21)
33.05 (32.98, 33.12)
28.11 (28.02, 28.19)
24.40 (24.32, 24.47)
20.33 (20.26, 20.40)
16.94 (16.88, 16.99)
13.18 (13.12, 13.23)
10.33 (10.29, 10.37)

7.26 (7.21,7.31)

5.28 (5.25, 5.32)

55,55 (55.38, 55.72)
53,70 (55.53, 53.86)
49.00 (48.85, 49.15)
44,30 (44.19, 44.41)
39.57 (39.44, 39.70)
34.88 (34.75, 35.01)
30.81 (30.72, 30.90)
26.16 (26.05, 26.27)
21.99 (21.88, 22.10)
17.62 (17.44, 17.79)
14.13 (13.99, 14.27)
10.66 (10.54, 10.77)

8.12 (8.01, 8.23)

5.70 (5.49, 5.91)

3.48 (3.10, 3.83)

60.21 (60.09, 60.33)
58.32 (58.20, 58.44)
53.45 (53.34, 53.56)
48.41 (48.21, 48.61)
43.60 (43.51, 43.69)
38.70 (38.54, 38.86)
33.93 (33.78, 34.07)
29.53 (29.40, 29.65)
24.54 (24.38, 24.70)
20.07 (19.89, 20.25)
16.15 (16.00, 16.29)
12.14 (11.96, 12.31)

9.12 (8.91, 9.31)

6.22 (5.97, 6.46)

4.35(3.92, 4.74)

58.01 (57.38, 58.59)
56.16 (55.56, 56.72)
51.04 (50.60, 51.46)
46.54 (46.14, 46.93)
41.16 (40.80, 41.51)
36.83 (36.51, 37.15)
30.07 (29.43, 30.69)
26.22 (25.66, 26.76)
20.86 (20.36, 21.35)
17.52 (17.10, 17.94)
14.38 (14.05, 14.70)
11.40 (11.14, 11.66)

8.37 (8.1, 8.63)

6.09 (5.90, 6.28)

4.24 (4.11, 4.37)

61.43 (60.90, 61.93)
59.57 (59.05, 60.05)
54,35 (53.88, 54.79)
49.77 (49.35, 50.18)
44.25 (43.86, 44.63)
39.85 (39.50, 40.18)
33.16 (32.69, 33.62)
29.15 (28.75, 29.55)
24.05 (23.62, 24.46)
20.42 (20.06, 20.78)
16.32 (16.02, 16.61)
13.10 (12.86, 13.33)

9.21 (9.00, 9.42)

6.77 (6.61, 6.92)

4.74 (4.63, 4.85)

57.11 (56.22, 57.95)
55.35 (54.48, 56.16)
50.97 (50.52, 51.40)
46.58 (46.18, 46.98)
41.29 (40.83, 41.74)
37.07 (36.65, 37.47)
31.42 (31.12, 31.70)
27.50 (27.24, 27.75)
23.69 (23.47, 23.91)
20.02 (19.83, 20.20)
15.91 (15.76, 16.06)
12.72 (12.6, 12.84)
9.53 (9.39, 9.67)
7.00 (6.89, 7.10)
4.91 (4.84, 4.99)

60.16 (59.21, 61.05)
59.39 (57.48, 59.26)
54.56 (54.09, 55.02)
50.09 (49.65, 50.52)
44.64 (44.14, 45.12)
40.32 (39.86, 40.76)
34.42 (34.10, 34.74)
30.40 (30.12, 30.68)
26.45 (26.21, 26.70)
22.59 (22.38, 22.80)
18.18 (18.00, 18.35)
14.70 (14.56, 14.84)
11.01 (10.9, 11.12)
8.14 (8.06, 8.22)
5.69 (5.64, 5.75)

50.9 (50.51, 51.29)
49.33 (48.95, 49.71)
45.42 (45.08, 45.77)
4152 (41.20, 41.83)

37.1(36.79, 37.40)
33.31 (33.03, 33.58)
28.78 (28.53, 29.02)
25.19 (24.98, 25.40)
21.27 (21.05, 21.49)
17.97 (17.78, 18.15)

14.5 (14.33,14.68)
11.59 (11.46, 11.73)

8.54 (8.41, 8.67)
6.27 (6.18, 6.37)
4.4 (4.34, 4.47)

51.79 (51.39, 52.17)
50.26 (49.87, 50.63)
46.65 (46.23, 47.07)
42.83 (42.44, 43.21)
38.2 (37.87, 38.53)
34,51 (34.2, 34.8)
29.87 (29.54, 30.2)
26.38 (26.09, 26.67)
22.66 (22.37, 22.95)
19.35 (19.1, 19.6)
15.34 (15.1, 15.58)
12.41 (12.21, 12.6)
9.65 (9.5, 9.8)
7.13(7.02, 7.24)
4.99 (4.91, 5.06)

“Values are expressed as mean (2.5 percentile, 97.5™ percentile) in years; ** EQ-5D-3L used for age- and sex-specific health state utilities;
*** SF-6D used for age- and sex-specific health state utilities.
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Table 2: Age- and sex-specific quality adjusted life years (QALYS) by country generated by the benchmark QALY model, discounted at 3%

annually *
USA** China** UK** Australia** Australia***

Aoe Male Female Male Female Male Female Male Female Male Female

18 25.07 (25.03,25.11)  25.96 (25.91, 26.00)  25.96 (25.86, 26.03)  26.95 (26.90, 27.01)  26.18 (25.90, 26.45)  26.82 (26.58, 27.03) 25.48 (25.09, 25.85)  25.89 (25.48,26.27)  22.71(22.54,22.89)  22.28 (22.11, 22.44)
20 24.73 (24.69,24.77)  25.65(25.61,25.70)  25.59 (25.51, 25.66) 26.64 (26.58, 26.69)  25.86 (25.58, 26.12)  26.52 (26.29, 26.74) 25.19 (24.79,25.56)  25.62 (25.22,26.00)  22.45(22.28,22.62)  22.05(21.88, 22.21)
25 23.86(23.82,23.90)  24.83(24.79,24.87)  24.56 (24.48, 24.63) 25.68 (25.62,25.73)  24.71(24.50,24.91)  25.44 (25.22, 25.65) 24.38 (24.17,2459)  25.16 (24.94,25.38)  21.73(21.56,21.89)  21.51(21.32,21.71)
30 22.34(22.30,22.38)  23.35(23.31,23.39)  23.37(23.31,23.43)  24.49 (24.39,24.59)  23.71(23.51,23.91)  24.52 (24.31, 24.72) 23.45(23.24,23.64)  24.31 (24.09, 24.51) 20.9 (20.74,21.06)  20.78 (20.59, 20.97)
35 21.22 (21.19, 21.26) 22.30 (22.26, 22.34) 21.99 (21.92, 22.07) 23.25(23.20, 23.30) 22.09 (21.90, 22.28) 22.96 (22.76, 23.16) 21.89 (21.65, 22.13) 22.82 (22.56, 23.06) 19.67 (19.5, 19.83) 19.53 (19.35, 19.69)
40 19.28 (19.24,19.32)  20.42(20.38,20.46)  20.43 (20.36, 20.51) 21.77 (21.67,21.86)  20.84 (20.66, 21.02) ~ 21.80 (21.61, 21.98) 20.71(20.48,20.94)  21.73(21.48,21.96)  18.61(18.45,18.76)  18.59 (18.43, 18.75)
45 17.91 (17.87, 17.95) 19.14 (19.11, 19.18) 19.03 (18.97, 19.08) 20.14 (20.06, 20.23) 17.94 (17.56, 18.31) 19.14 (18.87, 19.40) 18.51 (18.34, 18.68) 19.57 (19.39, 19.75) 16.96 (16.81, 17.1) 16.99 (16.8, 17.17)
50 15.88 (15.83, 15.93) 17.15 (17.10, 17.21) 17.04 (16.96, 17.11) 18.50 (18.43, 18.58) 16.51 (16.15, 16.85) 17.76 (17.51, 18.01) 17.10 (16.94, 17.26) 18.25 (18.08, 18.42) 15.67 (15.53, 15.8) 15.84 (15.66, 16.01)
55 1437 (14.33,14.41)  15.69 (15.64,15.73)  15.09 (15.01,15.16)  16.24 (16.13,16.34)  13.86 (13.52, 14.18)  15.47 (15.20, 15.74) 15.55 (15.40, 15.69)  16.78 (16.63, 16.93) 13.96 (13.81,14.1)  14.37 (14.19, 14.56)
60 12.51 (12.46, 12.55) 13.77 (13.72, 13.81) 12.72 (12.60, 12.85) 14.01 (13.88, 14.13) 12.27 (11.97, 12.56) 13.87 (13.63, 14.11) 13.86 (13.73, 13.98) 15.15 (15.00, 15.28) 12.44 (12.31, 12.57) 12.97 (12.81, 13.14)
65 10.89 (10.85, 10.92) 12.06 (12.02, 12.10) 10.72 (10.61, 10.83) 11.88 (11.77, 11.98) 10.61 (10.36, 10.84) 11.70 (11.49, 11.90) 11.62 (11.5, 11.73) 12.88 (12.76, 13.00) 10.59 (10.46, 10.72) 10.87 (10.7, 11.04)
70 8.81(8.77, 8.84) 9.85 (9.81, 9.89) 8.47 (8.38, 8.55) 9.38 (9.25, 9.52) 8.84 (8.64, 9.04) 9.90 (9.72, 10.07) 9.78 (9.68,9.87)  11.00 (10.89, 11.10) 8.91 (8.81, 9.02) 9.28 (9.14, 9.43)
75 7.15 (7.12, 7.18) 8.07 (8.04, 8.10) 6.73 (6.63, 6.82) 7.38 (7.22, 7.54) 6.81 (6.60, 7.03) 7.32 (7.15, 7.49) 7.70 (7.59, 7.81) 8.69 (8.60, 8.77) 6.9 (6.8, 7.01) 7.61(7.49, 7.73)
80 5.18 (5.14,5.21) 5.88 (5.84, 5.92) 4.90 (4.72, 5.08) 5.25 (5.04, 5.45) 5.18 (5.01, 5.34) 5.63 (5.50, 5.76) 5.91 (5.83, 6.00) 6.75 (6.68, 6.82) 5.3(5.22,5.38) 5.91 (5.82, 6)
85 3.86 (3.84, 3.89) 4.36 (4.33, 4.39) 3.08 (2.75, 3.29) 3.80 (3.43, 4.15) 3.74 (3.62, 3.85) 4.10 (4.00, 4.19) 4.32 (4.26, 4.39) 4.93 (4.88, 4.98) 3.87 (3.82, 3.93) 4.32 (4.25, 4.39)

“Values are expressed as mean (2.5 percentile, 97.5™ percentile) in years; ** EQ-5D-3L used for age- and sex-specific health state utilities;
*** SF-6D used for age- and sex-specific health state utilities.
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Table 3: Age- and sex-specific quality adjusted life years (QALYS) by country generated by the benchmark QALY model, discounted at 5%

annually *
USA** China** UK** Australia** Australia***

Aoe Male Female Male Female Male Female Male Female Male Female

18 17.38 (17.35,17.41)  17.75(17.72,17.78) ~ 18.05(17.99, 18.10)  18.48 (18.44,1852)  18.01(17.82,18.19)  18.25(18.10, 18.40) 17.47 (17.20,17.73)  17.54 (17.27,17.80)  15.57 (15.45, 15.69) 15.1 (14.98, 15.21)
20 17.24 (17.22,17.27)  17.65(17.62,17.68)  17.91(17.86,17.97)  18.37(18.34,18.41)  17.90(17.70,18.07)  18.16 (18.00, 18.30) 17.37 (17.10,17.62)  17.46 (17.19, 17.72) 15.48 (15.36,15.6)  15.03 (14.91, 15.14)
25 16.90 (16.88, 16.93) 17.34 (17.31, 17.37) 17.49 (17.43, 17.54) 18.00 (17.96, 18.03) 17.38 (17.23, 17.52) 17.68 (17.53, 17.83) 17.08 (16.93, 17.22) 17.40 (17.25, 17.55) 15.22 (15.1, 15.34) 14.88 (14.74, 15.01)
30 16.11 (16.08,16.13)  16.58 (16.55, 16.61)  16.95 (16.91,16.99)  17.47 (17.40,17.54)  16.97 (16.83,17.11)  17.33(17.18, 17.47) 16.71 (16.56, 16.85)  17.09 (16.93, 17.23) 14.89 (14.77,15)  14.61 (14.48, 14.74)
35 15.59 (15.56, 15.62) 16.13 (16.10, 16.16)  16.27 (16.22, 16.32) 16.90 (16.87,16.94)  16.11(15.97,16.25)  16.53 (16.38, 16.67) 15.89 (15.71,16.06)  16.32 (16.14, 16.50)  14.28 (14.16, 14.39)  13.97 (13.85, 14.09)
40 14.45 (14.43, 14.48) 15.06 (15.03, 15.09) 15.44 (15.38, 15.50) 16.16 (16.09, 16.22) 15.51 (15.38, 15.65) 16.00 (15.86, 16.14) 15.34 (15.17, 15.50) 15.85 (15.67, 16.02) 13.78 (13.67, 13.89) 13.56 (13.44, 13.68)
45 13.71 (13.68, 13.74) 14.41 (14.38, 14.44) 14.71 (14.66, 14.75) 15.29 (15.22, 15.35) 13.65 (13.36, 13.94) 14.35 (14.15, 14.55) 14.01 (13.88, 14.14) 14.58 (14.44, 14.71) 12.84 (12.72, 12.94) 12.65 (12.51, 12.79)
50 12.43 (12.39, 12.47) 13.20 (13.16, 13.24)  13.48 (13.43, 13.54) 14.38 (14.32, 14.44)  12.86 (12.58,13.12)  13.63 (13.44, 13.81) 13.24 (13.12,13.36) ~ 13.91(13.78,14.03)  12.13(12.03, 12.23) 12.07 (11.93, 12.2)
55 11.51 (11.48, 11.55) 12.36 (12.32, 12.40) 12.24 (12.18, 12.30) 12.94 (12.85, 13.02) 11.06 (10.79, 11.32) 12.16 (11.95, 12.37) 12.34 (12.22, 12.45) 13.10 (12.98, 13.22) 11.07 (10.96, 11.19) 11.22 (11.07, 11.36)
60 10.26 (10.22, 10.29) 11.11 (11.08, 11.15) 10.59 (10.48, 10.69) 11.46 (11.35, 11.56) 10.05 (9.80, 10.28) 11.19 (10.99, 11.38) 11.28 (11.18, 11.38) 12.13(12.02, 12.24) 10.13 (10.02, 10.23) 10.39 (10.25, 10.52)
65 9.15 (9.12, 9.18) 9.99 (9.95, 10.02) 9.15 (9.06, 9.24) 9.97 (9.88, 10.06) 8.91 (8.71, 9.11) 9.69 (9.51, 9.86) 9.71(9.61,9.80)  10.59 (10.49, 10.69) 8.85 (8.74, 8.95) 8.94 (8.8, 9.08)
70 7.58 (7.55, 7.61) 8.36 (8.33, 8.40) 7.41(7.33,7.48) 8.09 (7.97, 8.20) 7.63 (7.46, 7.80) 8.42 (8.27, 8.57) 8.39 (8.31, 8.47) 9.30 (9.21, 9.39) 7.65 (7.56, 7.74) 7.85(7.73,7.97)
75 6.30 (6.28, 6.33) 7.02 (6.99, 7.05) 6.02 (5.94, 6.10) 6.52 (6.38, 6.66) 6.03 (5.84, 6.22) 6.40 (6.25, 6.55) 6.79 (6.69, 6.89) 7.56 (7.48, 7.63) 6.08 (5.99, 6.18) 6.62 (6.51, 6.72)
80 4.65 (4.62, 4.68) 5.23 (5.19, 5.26) 4.48 (4.31, 4.64) 4.75 (4.56, 4.93) 4.70 (4.55, 4.84) 5.05 (4.94, 5.17) 5.35 (5.27, 5.43) 6.04 (5.98, 6.09) 4.79 (4.72, 4.87) 5.29 (5.2, 5.37)
85 3.51 (3.49, 3.54) 3.92 (3.89, 3.95) 2.86 (2.56, 3.15) 3.51 (3.16, 3.82) 3.46 (3.35, 3.57) 3.76 (3.67, 3.84) 4.00 (3.94, 4.06) 4.53 (4.48, 4.57) 3.58 (3.53, 3.64) 3.96 (3.9, 4.03)

* Values are expressed as mean (2.5" percentile, 97.5" percentile) in years; ** EQ-5D-3L used for age- and sex-specific health state utilities;
*** SF-6D used for age- and sex-specific health state utilities.
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Table 4: Differences in undiscounted QALY generated by the EQ-5D-3L and SF-6D for Australian males and females.

Australia Males Females

Age EQ-5D-3L SF-6D Difference  Percentage | EQ-5D-3L SF-6D Difference  Percentage
in QALYs*  difference in QALYs*  difference

18 57.11 50.90 6.21 11 60.16 51.79 8.37 14

20 55.35 49.33 6.02 11 59.39 50.26 9.13 15

25 50.97 45.42 5.55 11 54.56 46.65 7.91 15

30 46.58 41.52 5.06 11 50.09 42.83 7.26 14

35 41.29 37.10 4.19 10 44.64 38.20 6.44 14

40 37.07 33.31 3.76 10 40.32 34.51 5.81 14

45 31.42 28.78 2.64 8 34.42 29.87 4.55 13

50 27.50 25.19 2.31 8 30.40 26.38 4.02 13

55 23.69 21.27 2.42 10 26.45 22.66 3.79 14

60 20.02 17.97 2.05 10 22.59 19.35 3.24 14

65 15.91 14.50 1.41 9 18.18 15.34 2.84 16

70 12.72 11.59 1.13 9 14.70 12.41 2.29 16

75 9.53 8.54 0.99 10 11.01 9.65 1.36 12

80 7.00 6.27 0.73 10 8.14 7.13 1.01 12

85 491 4.40 0.51 10 5.69 4.99 0.70 12

Mean 29.41 26.41 3.00 10 32.05 27.47 4.58 14

Notes: supported by Figure 3.
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Table 5: Quality adjusted life years (QALYs) polynomial prediction model by country, discounted at 0%, 3% and 5% annually”

Country Fo - P b
0% 3% 5% 0% 3% 5% 0% 3% 5% 0% 3% 5%

Australia Male 72.73 25.44 16.41 -0.779 0.133 0.142 -0.006 -0.008 -0.005 e 4e 2e”®
Female 75.83 25.31 16.44 -0.739 0.631 0.135 -0.007 -0.008 -0.004 e 4e le®
) Male 70.48 25.63 16.59 -0.739 0.159 0.174 -0.007 -0.009 -0.006 7ed 5e° 2e°
China Female 74.63 25.82 16.63 -0.674 0.216 0.197 -0.009 -0.010 -0.006 8e® 5e° 2e°
Male 75.38 26.38 16.84 -0.863 0.152 0.18 -0.006 -0.010 -0.007 8e® 6es 3ed
UK Female 77.87 26.33 16.80 -0.796 0.183 0.183 -0.008 -0.010 -0.006 8e® 5e° 3ed
USA Male 72.17 26.77 17.59 -0.938 0.007 0.053 -0.002 -0.006 -0.004 5e5 3ed le®
Female 76.93 27.63 18.19 -0.962 -0.002 0.024 -0.002 -0.005 -0.003 4e5 2e”® 4e8

“ QALY prediction model is expressed as a cubic polynomial model: y=Po+B1x+P2x?+B3x3, where y denotes QALY and x denotes age.
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Figures
Figure 1: A two-states Markov model to calculate the quality-adjusted life years
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Figure 2: Goodness-of-fit test of life expectancy generated from the model and that from literature
outlined in Appendix 1.
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A goodness-of-fit test was conducted by regressing life expectancies from model prediction to that from the
literature contained in Appendix 1. The slope of the regression line as well as R-squared were provided where
the value of 1 indicates perfect goodness-of-fit. In our life expectancy verification analysis, the slope of the
regression line was 0.998. In addition, the adjusted R-squared and the root mean square error (MSE) of the
regression model was 0.999 and 0.32, indicating life expectancy generated from our model closely matched to
that from literature.

Each of the dots represents a pair of comparison, the dotted line represents the diagonal with 45-degree angle,
(perfect goodness-of-fit). The slope of the regression line is 0.998. The R-squared and root MSE of the
regression model equals to 0.999 and 0.32, indicating the model predictions fit well to that from literature.
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Figure 3: Undiscounted age- and sex-specific benchmark QALY s for Australia using the
EQ-5D-3L and SF-6D multi-attribute utility instruments
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Notes: supported by Table 4.
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Figure Legend
Figure 1: A two-states Markov model to calculate the quality-adjusted life years

Figure 2: Goodness-of-fit test of life expectancy generated from the model and that from literature
outlined in Appendix 1.

Notes:

A goodness-of-fit test was conducted by regressing life expectancies from model prediction to that from the
literature contained in Appendix 1. The slope of the regression line as well as R-squared were provided where
the value of 1 indicates perfect goodness-of-fit. In our life expectancy verification analysis, the slope of the
regression line was 0.998. In addition, the adjusted R-squared and the root mean square error (MSE) of the
regression model was 0.999 and 0.32, indicating life expectancy generated from our model closely matched to
that from literature.

Each of the dots represents a pair of comparison, the dotted line represents the diagonal with 45-degree angle,
(perfect goodness-of-fit). The slope of the regression line is 0.998. The R-squared and root MSE of the
regression model equals to 0.999 and 0.32, indicating the model predictions fit well to that from literature.

Figure 3: Undiscounted age- and sex-specific benchmark QALY s for Australia using the
EQ-5D-3L and SF-6D multi-attribute utility instruments

Notes: supported by Table 4.
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