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Abstract

Background Spending on new healthcare technologies
increases net population health when the benefits of a new
technology are greater than their opportunity costs—the
benefits of the best alternative use of the additional
resources required to fund a new technology.

Objective The objective of this study was to estimate the
expected incremental cost per quality-adjusted life-year
(QALY) gained of increased government health expendi-
ture as an empirical estimate of the average opportunity
costs of decisions to fund new health technologies. The
estimated incremental cost-effectiveness ratio (ICER) is
proposed as a reference ICER to inform value-based
decision making in Australia.

Methods Empirical top-down approaches were used to
estimate the QALY effects of government health expen-
diture with respect to reduced mortality and morbidity.
Instrumental variable two-stage least-squares regression
was used to estimate the elasticity of mortality-related
QALY losses to a marginal change in government health
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expenditure. Regression analysis of longitudinal survey
data representative of the general population was used to
isolate the effects of increased government health expen-
diture on morbidity-related, QALY gains. Clinical judge-
ment informed the duration of health-related quality-of-life
improvement from the annual increase in govern-
ment health expenditure.

Results The base-case reference ICER was estimated at
AUD28,033 per QALY gained. Parametric uncertainty
associated with the estimation of mortality- and morbidity-
related QALYs generated a 95% confidence interval
AUD20,758-37,667.

Conclusion Recent public summary documents suggest
new technologies with ICERs above AUD40,000 per
QALY gained are recommended for public funding. The
empirical reference ICER reported in this article suggests
more QALYSs could be gained if resources were allocated
to other forms of health spending.
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Key Points

Economic evaluation has a long and established
history as an input to funding decisions for new
technologies and medical services in Australia, but
there remains uncertainty around the opportunity
costs of such funding decisions and hence the
interpretation of cost-effectiveness data.

Alternative approaches to identifying and estimating
opportunity costs have been discussed and proposed.
The estimation of the expected quality-adjusted life-
year (QALY) gains from additional health
expenditure is the only approach through which
empirical estimates of opportunity costs have been
generated.

This article describes the estimation of the expected
QALY gains from additional government health
expenditure in Australia by adapting and adding to
methods used to estimate opportunity costs in
England and Spain. The base-case results suggest
opportunity costs of 1 QALY for every additional
AUD28,033 of government health expenditure. The
QALY may not capture all factors that may be
considered by decision makers, but this estimate of
opportunity costs provides a reference point for the
assessment of value across the Australian healthcare
system.

1 Introduction

Government health expenditure in Australia increased from
AUD71 billion to AUD108 billion between 2004/2005 and
2014/2015 [1]. Constraining this expanding budget without
a negative impact on population health is a key policy
priority. An important area of government health expen-
diture is in funding new healthcare technologies. For
example, Commonwealth government expenditure on
patented pharmaceuticals increased by 27.2% from
2013/2014 to 2015/2016 (AUD3.3 billion to AUD4.3 bil-
lion), whilst the script volume processed declined by
13.6% (35.5 million to 30.6 million script volume [2, 3]).
The increased prices paid for these new drugs may repre-
sent good value for money to the Australian taxpayer, but
the current basis for assessing value is limited by the lack
of empirical information on the opportunity costs of deci-
sions to fund new health technologies.

The incremental cost-effectiveness ratio [ICER; Acosts/
Aquality-adjusted life-years (QALYs)] provides one input
to the assessment of the value of a new technology along
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with additional factors such as the availability of other
treatment options and the characteristics of the eligible
population. The utility of the ICER of a new health tech-
nology is constrained by limited evidence regarding what is
an acceptable and an unacceptable price to pay per addi-
tional QALY. Approaches to estimating a threshold or
reference ICER to inform the acceptability of ICERs for
new technologies can be broadly classified into demand-
and supply-side estimates that represent distinct theoretical
bases.

Demand-side approaches consider the societal value of a
QALY from the consumer perspective, relative to indi-
vidual consumption [4]. Stated or revealed preferences may
be used to estimate the value of a QALY, though we know
of no relevant revealed preferences study. Various stated
preference studies have elicited the willingness to pay for a
QALY from representative samples of the general popu-
lation [5]. Demand-side estimates of the value of a QALY
may inform the value of decisions involving the expansion
of the health budget, for example, if taxes are to be
increased to fund additional healthcare. However, where
the resources required to fund new technologies could be
used to provide alternative forms of healthcare, willingness
to pay does not provide a relevant basis for assessing value.
In such cases, the benefits of new technologies should be
compared with benefits forgone from not providing the best
alternative forms of healthcare—the opportunity costs of a
decision to fund a new technology.

Supply-side approaches to estimating a reference ICER
aim to reflect the opportunity costs of decisions to fund a
new technology. Proposed supply-side approaches include
the use of league tables [6] where the reference ICER is the
least cost-effective currently funded technology [7], the
estimation of the ICER of services that are displaced to
fund a new technology [8] and the estimation of the ICER
of current services that would further improve population
health if expanded [9]. There are limitations to each of
these methods including inadequate data on all currently
funded health technologies and difficulties in identifying
and analysing displaced services [8, 10] or selecting and
analysing services with the potential for expansion.

Another approach to estimating a supply-side reference
ICER is based on the expected incremental cost per QALY
gained from marginal increases in health expenditure [11].
This approach is based on estimating the empirical rela-
tionship between health expenditure and health outcomes
[11-13] and is limited again by data availability on health
costs and outcomes. However, Martin et al. [12, 13] were
able to use an estimate of the elasticity of life-years (LYs)
lost to health expenditure to calculate the cost per LY and a
cost per QALY within disease areas. Claxton et al. [11]
estimated the elasticity of QALY lost across disease areas
and assumed a corresponding expenditure effect in disease
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areas with limited mortality effects, returning a central
cost-effectiveness threshold of £12,936 (AUD22,573) per
QALY gained across the National Health Service in Eng-
land [11]. In Spain, estimates of opportunity cost were
derived by dividing life expectancies (LEs) by the marginal
effect of increased spending on quality-adjusted LEs
returning estimates ranging from €21,000 (AUD32,628)
based on the average estimate across different age groups
to €24,000 (AUD37,289) based on the average population
model [14].

In Australia, funding for new technologies comes from
within the health budget. Therefore, to maximise health
from this constrained budget, an appropriate reference
ICER should represent opportunity costs with respect to the
best alternative use of resources within the healthcare
system. This article reports the first supply-side estimate of
opportunity costs in the Australian healthcare system based
on the expected incremental cost per QALY gained from
marginal increases in government health expenditure. We
estimate the relationship between government health
expenditure and mortality outcomes and use nationally
representative  health-related quality-of-life (HRQoL)
information to enable direct estimation of the impact of
health spending on QALYs. This represents a new method
to estimate and incorporate HRQoL gains independent of
mortality effects from increased health expenditure.

2 Methodology

This analysis uses national data from 2011/2012 capturing
government health expenditure, healthcare need and
QALYs lost for small geographical areas across Australia
and individual-level, nationally representative longitudinal
data on HRQoL, demographics, and social and economic
information. In Sects. 2 and 3, we outline the methodology
and results and present these in three parts: (1) mortality-
related QALY gains, (2) morbidity-related QALY gains
and (3) the reference ICER. For part 1, the expenditure
elasticity of QALYs lost was estimated controlling for
demographics, socioeconomics and healthcare need and
applied to the change in per capita government health
expenditure between 2010/2011 and 2011/2012 to derive
an estimate of the per capita mortality-related QALY gain.
In part 2, we estimate the time trend on HRQoL using a
fixed-effects regression model controlling for differences in
demographics and social and economic conditions. To
estimate morbidity-related QALY gains associated with
annual increases in health expenditure, estimated annual
improvements in HRQoL must be adjusted to account for
sustained improvements from previous years and the
expected duration of improvements in the year of interest.
In part 3, change in total government health expenditure

per capita from 2010/2011 to 2011/2012 was divided by
the sum of estimated mortality- and morbidity-related
QALY gains to estimate the expected incremental cost per
QALY gained from increased government health expen-
diture, or the reference ICER. Parameter and structural
uncertainty around the base-case estimate of the reference
ICER was then assessed.

2.1 Mortality-Related Quality-Adjusted Life-Year
Gains

2.1.1 Data

Government health expenditure data included public hos-
pital data from the National Hospital Cost Data Collection,
data on veterans through the Department of Veterans’
Affairs, and data on medical services through the Medical
Benefits Schedule and on pharmaceuticals through the
Pharmaceutical Benefits Scheme. All data were aggregated
to the Statistical Local Area (SLA) based on the SLA of
usual residence of the recipients of healthcare rather than
the SLA in which healthcare was provided.

Years of life lost (YLL) in each SLA were estimated
using the Cause of Death Unit Record File and were age
and sex standardised to the Australian standard population.
For each death at an age below the LE of the 2012 Aus-
tralian population, YLL was calculated as the difference
between LE and age at death. For each death at or above
LE, one YLL was applied. This is a conservative
assumption, i.e. that reducing mortality in persons aged
over LE gains only one additional year of life. The YLL
were summed for all deaths observed in each SLA. The
estimated YLL were then weighted by age- and sex-
specific utility scores using 36-Item Short Form Survey
(SF-36) data from the 2015 South Australian Health
Omnibus Survey and the Short-Form Six-Dimension (SF-
6D) algorithm to generate QALYs lost for each SLA [15].
The South Australian Health Omnibus Survey is an annual
cross-sectional survey administered face to face by trained
interviewers to persons aged over 15 years with households
identified from a clustered, multi-staged, self-weighted
area design of metropolitan areas and towns over 1000
people.

2.1.2 Analysis

It is commonly suggested that health expenditure and
outcomes are endogenous, i.e. expenditure improves out-
comes, but poorer outcomes lead to more expenditure [11].
To control for the potential endogeneity of government
health expenditure, the following equation was estimated
using instrumental variable (IV) two-stage least-squares
regression:

A\ Adis



242

L. C. Edney et al.

log(h;) = a4+ By log(x;) + Pon; + &, (1)

where h; denotes healthcare outcomes measured as QALY's
lost in SLA i, x; denotes government health expenditure in
SLA i, and n; denotes the vector of covariates in SLA
i including demographic factors, geographical variables,
and the need for healthcare derived from socioeconomic
and health status information. In the first stage, health
expenditure is regressed on the IV and all covariates:

log(x;) = o+ y1mi + 9,2 + &. (2)

The predicted health expenditure from this stage then
replaces health expenditure in the second stage, Eq. (1).
The Hausman and the Durbin—Wu-Hausman tests were
used to confirm the endogeneity of x; in Eq. (1). A relevant
and valid instrument, Z in SLA i, should be a strong
predictor of the endogenous regressor in the first stage
(government health expenditure) and appropriately
excluded from the vector of covariates n; in Eq. (1), i.e.
the impact of the instrument on QALY lost occurs solely
through the endogenous regressor.

Following prior work [11], we used the proportion of the
population providing unpaid care in each SLA as the sole
instrument for health expenditure. The first-stage coeffi-
cient on expenditure and the Kleibergen—Paap LM and F-
statistics are used to assess the relevance of the instrument.
We expect a positive relationship between the two based on
the rationale that provision of unpaid care leads to higher
need-adjusted health expenditure owing to increased
identification of the need for services by carers and
increased access to health services through removing
physical barriers to access, such as transport. Recent esti-
mates for Australia suggest that 88.7 and 84.5% of people
who needed support because of a disability received
informal support for mobility and transport, respectively
[16]. In contrast, Claxton et al. [11] hypothesised a nega-
tive relationship between unpaid care and expenditure as a
result of substitution effects. Such substitution effects are
less likely in Australia compared with England owing to
the type of health expenditure included here (i.e. hospital
services, Medical Benefits Schedule, Pharmaceutical Ben-
efits Scheme, Department of Veterans’ Affairs), compared
with the English analysis that incorporated spending on
community and social care. It could be argued that sub-
stitution effects between unpaid care and expenditure
might be more likely in remote areas of Australia because
of the substitution between unpaid care and hospitalisations
for example; however, such effects are accounted for here
through inclusion of remoteness as a model covariate.

Assessing the validity of the instrument is less
straightforward. Whilst there is limited evidence to suggest
that the quantity of unpaid care provided has a direct effect
on mortality-related QALYSs lost, indirect effects through
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other channels cannot be completely discounted. There are
two key potential indirect channels: healthcare need and
remoteness. Areas with a high need for healthcare are more
likely to have higher levels of unpaid care and higher rates
of QALYSs lost and, in remote areas, substitution effects
between unpaid care and hospitalisations are more likely
because of limited appropriate alternative care options such
as aged care facilities. Healthcare need and remoteness are
both accounted for in n;, Eq. (1), thus supporting the
validity of our exclusion criterion. Although we have
accounted for the key covariates in n;, Eq. (1), we cannot
completely discount that unobserved covariates may be
systematically related to the IV. In the Electronic Supple-
mentary Material (ESM), we further discuss issues of
instrument validity by examining IV balance on observed
covariates. We also assess the sensitivity of our IV esti-
mates to potential violation of the validity assumption
using the Union of Confidence Intervals approach. Our
sensitivity analyses show that our IV estimates are robust
to large deviations from a perfectly valid IV.

The coefficient on expenditure (f3;) is used to calculate
the change in QALY lost from a 1% increase in expen-
diture. The incremental cost per mortality-related QALY is
estimated as:

l%x,’
Broy x Do ki’

where x; denotes aggregate government health expenditure
and h; denotes total mortality-related QALY lost.

The annual per capita mortality-related QALY gain is
then estimated as:

Incremental cost/QALY yoraiity =

(3)

Ax;/capita

Incremental cost/QALY yorality ’
(4)

where the numerator represents the per capita increase in
government expenditure on health between the financial
years 2010/2011 and 2011/2012 and the denominator rep-
resents the incremental cost per mortality-related QALY
gained calculated in Eq. (3).

per capita QALY

mortality —

2.2 Morbidity-Related Quality-Adjusted Life-Year
Gains

2.2.1 Data

The Household, Income and Labour Dynamics in Australia
(HILDA) survey is a longitudinal nationally representative
survey of private Australian households conducted since
2001 based on a national probability sample [17]. We use
data from 12 waves (2002-2013) for 68,873 observations
from a balanced panel that includes the SF-36 survey,
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which can be converted to preference-based utility scores
using the SF-6D [18].

2.2.2 Analysis

Temporal change in HRQoL was estimated using fixed-
effects regression with cluster robust standard errors to
account for unobserved omitted variable bias arising from
intra-individual differences affecting SF-6D scores. To
interpret the estimated coefficient for temporal change as a
result of the effects of increased government health
expenditure, we controlled for an extensive range of
demographic, social and economic covariates that might
otherwise have led to changes in HRQoL over time in the
following model:

Yi = W, + BoXis + B3Zis + o + uir, (5)

where Y;, is the SF-6D utility score for the i-th individual
in the #-th year, W, is the year trend variable representing
the average year-on-year change in HRQoL from 2002 to
2013, and individual-level factors including the yea-
r x age interaction, relationship status (married, de facto,
separated, divorces, widowed and not married/de facto),
highest level of education achieved (postgraduate, grad-
uvate diploma/certificate, bachelor/honours degree,
advanced diploma/diploma, certificate, year 12, and year
11 or below) and 21 life events such as separation from a
spouse in the prior 12 months (see Table 2). X;, denotes
social covariates including self-reported satisfaction with
personal safety, local community, neighbourhood, amount
of free time and life in general, and Z;; denotes economic
covariates including currently weekly gross wages and
salary, employment status (employed, not employed, not
in the labour force), self-reported prosperity given current
needs and financial responsibilities, self-reported satis-
faction with financial situation, perceived difficulty in
raising money for an emergency, ability to pay utility bills
or mortgage/rent on time, whether pawned or sold
something, whether went without meals or were unable to
heat their home, and whether asked for financial help from
friends/family or welfare/community organisations, and a
binary measure of income insecurity [19]. Only statisti-
cally significant covariates were retained in the final
model.

This time trend represents the average annual change in
HRQoL. The reference ICER should capture all HRQoL
improvement from a single year of health expenditure.
Thus, (1) ongoing effects of expenditure in years prior to
2011 should be excluded from the estimated impact of
increased expenditure in 2011 on HRQoL and (2) ongoing
effects of 2011 expenditure on HRQoL in subsequent years
should be incorporated.

Clinician input was used to classify alternative cate-
gories of health expenditure that improve HRQoL for
1 year, or across the remainder of the individuals’ lifetime.
The aggregate improvement in HRQoL over the 11-year
time horizon of the observed data was then estimated as:

11

Agg HRQoL improve = Zx,- + (11 —i).x;. Agg.pr (6)
i=1

(maintained HRQoL),

where x; is the improvement in HRQoL in the year of
increased expenditure i, which is weighted by the increase
in expenditure in each year relative to increased expendi-
ture in 2011 (at 2011 prices). Agg.pr(maintained HRQoL)
is the proportion of improved HRQoL that is maintained
over patients’ remaining lifetime (estimated from Eq. (4) in
the ESM). The HRQoL improvement in 2011 (x;o) was
fitted so that Agg. HRQoL improve from Eq. (6) matched
the sum of the year trend coefficient from 2002 to 2013.
The morbidity-related QALY gains associated with
increased expenditure in 2011 were estimated by multi-
plying the HRQoL improvement in 2011 (x;9) by the
weighted average duration of HRQoL improvements (es-
timated from Eq. (2) in the ESM).

2.3 Reference Incremental Cost-Effectiveness Ratio

Equation (7) describes the estimation of the expected
incremental cost per QALY gained from increased gov-
ernment health expenditure in 2011/2012. The reported
increase in total per capita government health expenditure
in 2010/2011 to 2011/2012 is divided by the combined per
capita mortality- and morbidity-related QALY gains:

Ax; /capita

Reference ICER = .
QALYmorlality + QALYmorbidity

(7)

To represent uncertainty, deterministic sensitivity
analyses were undertaken around the two key input
parameters: the elasticity that informs the mortality-
related QALY gains and the year trend that informs the
morbidity-related QALY gains. Scenario analyses were
undertaken using the alternative estimates of the expected
duration of HRQoL improvements without ongoing
expenditure. A probabilistic sensitivity analysis was
informed by the repeated drawing of 10,000 values from
the sampling distributions of the elasticity and year trend
parameters. A log-normal distribution was assumed for the
elasticity of mortality-related QALY to expenditure, and a
normal distribution for the estimated change in morbidity-
related QALY from expenditure.
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Table 1 Two-stage least-squares regression (2SLS) results, log quality-adjusted life-years (QALYSs) lost on log government health expenditure

(n = 1028)
Dependent variable: QALY lost Coefficient Robust standard error” p value 95% CI
Lower bound Upper bound
Per capita expenditure (log) —1.602 0.622 0.010 —2.821 —0.383
Healthcare need 0.099 0.022 0.000 0.057 0.142
Population density (ERP 2011/km?) 0.000 0.000 0.048 0.000 0.000
Pr female 0.003 0.012 0.772 —0.020 0.027
Pr male individuals aged 15-24 years —3.389 1.673 0.043 —6.669 —0.110
Pr ATSI peoples 0.008 0.004 0.055 —0.000 0.016
Pr born overseas —0.003 0.001 0.010 —0.006 —0.001
Pr lone pensioner 2.616 0.955 0.006 0.744 4.488
Pr concession card 0.009 0.004 0.048 0.000 0.017
Pr government housing 0.011 0.004 0.004 0.003 0.018
Pr volunteer —0.009 0.005 0.080 —0.018 0.001
Cost of living (relative to the average of all cities) 0.006 0.003 0.057 —0.000 0.013
State/territory (Ref is NSW)
QLD 0.096 0.048 0.046 0.002 0.189
VIC —0.099 0.042 0.018 —0.181 —0.017
SA —0.227 0.065 0.000 —0.354 —0.099
WA —0.388 0.163 0.017 —0.708 —0.069
TAS 0.000 0.058 0.994 —0.113 0.114
NT 0.148 0.162 0.361 —0.170 0.467
Remoteness (Ref is major cities)
Inner regional —0.156 0.071 0.027 —0.294 —0.017
Outer regional —0.230 0.113 0.041 — 0451 —0.010
Remote —0.194 0.197 0.326 —0.580 0.192
Very remote —0.545 0.260 0.036 —1.054 —0.036
Constant 19.245 4271 0.000 10.873 27.617

RMSE = 0.260, F(22,1005) = 26.03, p <0.01

ATSI Aboriginal and Torres Strait Islander, CI confidence interval, ERP estimated resident population, NSW New South Wales, NT Northern
Territory, Pr Proportion, QLD Queensland, Ref reference, RMSE root-mean-square error, SA South Australia, TAS Tasmania, VIC Victoria, WA

Western Australia

“Standard errors were calculated using Stata’s robust option based on the assumption of homogeneity and normality of the error term to account
for random heteroscedasticity and analytic weights based on the ERP of each Statistical Local Area used to account for variation in Statistical
Local Area population size; e.g. for Eq. 1: log(h;)\/erp; = an/erp; + fixiv/erp; + foniv/erp; + &iv/erp;

3 Results
3.1 Mortality-Related Quality-Adjusted Life-Years

Our analysis of the expenditure model in Eq. (1) indicated
that the null hypothesis that expenditure was exogenous
was rejected (Hausman; 26.138, p<0.01). A significant
Durbin—Wu-Hausman test [20] supported this conclusion,
with the estimated coefficient on the residuals being sig-
nificantly different from zero (F(1,1004) = 25.94,
p<0.001) [see Table 1 in the ESM). The instrument was
relevant, indicated by its significant prediction of health
expenditure in the first stage (f = 0.193, p<0.001), the
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Kleibergen—Paap LM statistic (10.826, p <0.05) and the
Kleibergen—Paap F-statistic greater than the rule-of thumb
of 10 (F-statistic = 12.36). Regression estimates are pre-
sented in Table 1. The estimated coefficient on government
health expenditure indicates that a 1% increase in gov-
ernment health expenditure is associated with a reduction
of 1.6% in QALYs lost. Applying the estimated outcome
elasticity to estimate mortality-related QALY gains asso-
ciated with increased health expenditure in 2011/2012
(Eq. 3) generates a per capita mortality-related QALY gain
of 0.0013 [95% confidence interval (CI) 0.0003-0.0023].
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Table 2 Fixed-effects regression results, change in Short-Form Six-Dimension (SF-6D) utility scores (year) controlling for individual-level,

social and economic factors (n = 68,873)

Dependent variable: SF-6D utility score Coefficient Robust standard p value 95% CI
errer Lower Upper
bound bound
Year 0.003 0.000 0.000 0.002 0.003
Year x age
2002 0.001 0.000 0.000 0.001 0.001
2003 0.001 0.000 0.000 0.001 0.001
2004 0.001 0.000 0.000 0.001 0.001
2005 0.001 0.000 0.000 0.001 0.001
2006 0.001 0.000 0.000 0.001 0.001
2007 0.001 0.000 0.000 0.000 0.001
2008 0.000 0.000 0.000 0.000 0.001
2009 0.000 0.000 0.000 0.000 0.000
2010 0.000 0.000 0.000 0.000 0.000
2011 0.000 0.000 0.000 0.000 0.000
2012 0.000 0.000 0.001 0.000 0.000
Relationship status (Ref is legally married)
De facto 0.001 0.002 0.785 —0.004 0.005
Separated 0.004 0.003 0.279 —0.003 0.010
Divorced 0.010 0.004 0.005 0.003 0.017
Widowed 0.006 0.005 0.202 —0.003 0.015
Not married/de facto 0.005 0.003 0.093 —0.001 0.011
Life event: separated from spouse —0.007 0.002 0.002 —0.012 —0.003
Life event: pregnancy —0.004 0.002 0.020  —0.008 —0.001
Life event: death of close relative/family member —0.006 0.001 0.000 —0.008 —0.004
Life event: death of spouse or child —0.025 0.004 0.000 —0.033 —0.017
Life event: victim of physical violence —0.021 0.004 0.000 —0.028 —0.014
Life event: death of a close friend —0.004 0.001 0.001 —0.006 —0.001
Life event: major worsening in finances —0.013 0.002 0.000 —0.018 —0.009
Life event: fired or made redundant —0.004 0.002 0.045 —0.008 —0.000
Life event: changed jobs 0.005 0.001 0.000 0.002 0.007
Life event: promoted at work 0.004 0.001 0.003 0.001 0.007
Life event: retired from the workforce —0.007 0.002 0.001 —0.011 —0.003
Satisfaction with feeling part of your local community (Ref is totally
dissatisfied)
1 0.009 0.005 0.075 —0.001 0.019
2 0.008 0.004 0.064 0.000 0.017
3 0.010 0.004 0.031 0.001 0.018
4 0.009 0.004 0.038 0.000 0.018
Neither 0.011 0.004 0.009 0.003 0.019
6 0.012 0.004 0.004 0.004 0.020
7 0.013 0.004 0.003 0.004 0.021
8 0.014 0.004 0.001 0.006 0.023
9 0.016 0.004 0.000 0.007 0.024
Totally satisfied 0.014 0.004 0.001 0.006 0.023
Satisfaction with the amount of free time you have (Ref is totally
dissatisfied)
1 0.003 0.004 0514  —0.006 0.011
2 0.007 0.004 0.071 —0.001 0.014
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Table 2 continued

Dependent variable: SF-6D utility score Coefficient Robust standard p value 95% CI
errer Lower Upper
bound bound
3 0.009 0.004 0.017 0.002 0.016
4 0.009 0.004 0.012 0.002 0.016
Neither 0.008 0.004 0.039 0.000 0.015
6 0.010 0.004 0.005 0.003 0.017
7 0.010 0.004 0.004 0.003 0.018
8 0.009 0.004 0.013 0.002 0.016
9 0.009 0.004 0.015 0.002 0.016
Totally satisfied 0.010 0.004 0.010 0.002 0.017
How satisfied are you with your life (Ref is totally dissatisfied)
1 —0.013 0.020 0.529 —0.053 0.027
2 0.005 0.018 0.780  —0.031 0.041
3 0.003 0.018 0.855 —0.032 0.038
4 0.017 0.018 0.329 —0.018 0.053
Neither 0.036 0.018 0.040 0.002 0.071
6 0.048 0.018 0.006 0.014 0.083
7 0.066 0.018 0.000 0.031 0.101
8 0.082 0.018 0.000 0.047 0.117
9 0.094 0.018 0.000 0.059 0.128
Totally satisfied 0.102 0.018 0.000 0.068 0.137
Employment status (Ref is employed)
Unemployed —0.003 0.003 0214  —0.009 0.002
Not in the labour force —0.009 0.002 0.000 —0.012 —0.006
Prosperity given current needs and financial responsibilities (Ref is
prosperous)
Very comfortable 0.002 0.003 0.594  —0.005 0.008
Reasonably comfortable —0.004 0.003 0.193 —0.011 0.002
Just getting along —0.013 0.003 0.000  —0.020 —0.006
Poor —0.022 0.004 0.000  —0.030 —0.014
Very poor —0.025 0.007 0.000  —0.038 —0.012
Difficulty in raising money for an emergency (Ref is could easily raise
money)
Could raise money with sacrifices —0.004 0.001 0.000 —0.006 —0.002
Something drastic to raise money —0.010 0.002 0.000 —-0.014 —0.007
Could not raise money —0.008 0.002 0.000 —0.012 —0.004
Could pay electricity, gas or telephone bills on time 0.004 0.001 0.003 0.001 0.007
Did not go without meals 0.006 0.003 0.027 0.001 0.012
Was able to heat home 0.010 0.003 0.001 0.004 0.015
Did not ask for help from welfare/community organisations 0.010 0.003 0.000 0.004 0.015
Constant 0.602 0.020 0.000 0.564 0.641

F(72,6729) = 33.63, p<0.001

CI confidence interval, Ref reference

3.2 Morbidity-Related Quality-Adjusted Life-Years

From the fixed-effects regression predicting SF-6D scores
(F(72,6729) = 33.63, p<0.001), the estimated coefficient
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on the time trend indicated that HRQoL improved on
average by 0.0026 per year (rt = 7.17, p<0.001; 95% CI
0.0019-0.0033), controlling for an extensive set of demo-
graphic, societal and economic variables as shown in
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Table 3 Morbidity-related annual per capita, quality-adjusted life-year (QALY) gains associated with increased government health expenditure

in 2011
Length for lifetime Proportion of annual HRQoL Annual per capita improvement in HRQoL
HRQoL effects (years) improvement due to prior -
government health expenditure Estimate 95% CI, 95% CI,
removed (%) lower bound upper bound
Scenario 1 2.01 10.23 0.0055 0.0040 0.0070
Scenario 2 2.54 11.67 0.0066 0.0048 0.0083
Scenario 3 4.07 23.45 0.0073 0.0053 0.0093
CI confidence interval, HRQoL health-related quality of life
Table 4 Deterministic sensitivity analysis $50,000 1
Parameter (per capita QALY gain) Reference =
ICER (AUD) = Base Case
O $40,000 $28,033
Base case (0.0013 + 0.0066 = 0.0078) 28,033 E
Mortality-related QALY's g 4
1. Lower bound (0.0003 + 0.0066 = 0.0068) 32,037 ;—t/ $30,000
2. Upper bound (0.0023 4 0.0066 = 0.0088) 24919 o
Morbidity-related QALY 3
1. Lower bound (0.0013 4 0.0048 = 0.0060) 36,349 § $20,000
Q
2. Upper bound (0.0013 4 0.0083 = 0.0096) 22,815 E
AUD Australian dollars, ICER incremental cost-effectiveness ratio,
QALY quality-adjusted life-year $10,000 2'0 2'5 4‘1 '

Table 2. Estimates of the weighted average length for
ongoing HRQoL were 2.6 years for unreferred medical
services (see Table 3 in the ESM) and across the three
options used to classify hospital services, ranged from 3.3
(see Table 4 in the ESM) to 14 years. The aggregate
weighted duration of HRQoL effects ranged from 2.0 to
4.1 years across the three scenarios (see Table 6 in the
ESM). These are associated with corresponding estimates
of the proportion of total health services that provide a
lifetime HRQoL effect of 10.2-23.5% (calculated from
Eq. (4) in the ESM). In the base case, we take the central
estimates of a duration of continued HRQoL improvement
of 2.54 years from a single year of expenditure, and the
proportion of lifetime HRQoL effects of 11.7%. Our base-
case estimate suggests an annual per capita improvement of
0.0066 morbidity-related QALYs owing to increased
health expenditure in 2011/2012. Table 3 describes the
alternative scenarios used to estimate morbidity-related
QALY gains.

3.3 Reference Incremental Cost-Effectiveness Ratio

Government health expenditure across all areas increased
by AUD229 per capita in 2011/2012. The base-case esti-
mate of the combined mortality- and morbidity-related
QALY gain per capita from increased expenditure in
2011/2012 is 0.0078. The resulting reference ICER,

Maintenance of unique HRQoL improvement (years)

Fig. 1 Value of the reference incremental cost-effectiveness ratio
(ICER) based on maintenance of morbidity gains for 2.0, 2.5 and
4.1 years (bootstrapped 95% confidence intervals). AUD Australian
dollars, HRQoL Health-Related Quality of Life, QALY quality-
adjusted life-year

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

$20,000

Probability

$25,000 $30,000 $35,000 $40,000

Reference ICER (AUD per QALY)

Fig. 2 Cumulative probability density function for the reference
incremental cost-effectiveness ratio (ICER). AUD Australian dollars,
QALY quality-adjusted life-year

representing the expected incremental cost per QALY
gained from increased health expenditure calculated from
Eq. (7) is AUD28,033. Figure 1 shows that the value of the
reference ICER is not sensitive to the alternate scenarios
around the duration of the estimated HRQoL improvement
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Table 5 Cost per quality-adjusted life-year (QALY) from empirical analyses of the effect of health expenditure on health outcomes for England,

Spain and Australia compared with thresholds currently used

Empirically estimated

cost per QALY (AUD)

Current threshold
employed (AUD)

Percentage reduction required
for threshold to equal the
empirically estimated threshold

English National Health Service [1] 22,573
Spanish National Health Service [2] 32,628-37,289
Australian healthcare system 28,033

34,900* 353
46,611° 30.0-20.0
45,000° 37.7

AUD Australian dollars, QALY quality-adjusted life-year
“Explicit
Tmplicit

in 2011/2012. Deterministic sensitivity analyses in Table 4
indicate the base-case estimate is more sensitive to
uncertainty around the estimated morbidity-related QALY
gains than mortality-related QALY gains, ranging from
AUD22,815 to AUD36,349 for the upper and lower bounds
of the estimated HRQoL improvement. The probabilistic
sensitivity  analysis generated a 95% CI of
AUD20,758-37,667, and Fig. 2 indicates the high proba-
bility (0.94) that the reference ICER is less than
AUD35,000 per QALY.

4 Discussion

Economic evaluation has been a key component of public
funding decisions for new technologies in Australia since
1993 [21]. However, there is a lack of clarity and trans-
parency in how decision makers interpret and use such
evidence. To ensure a net gain in QALY across the health
system, decision makers should be aware of the benefits
that will be forgone (the opportunity costs) if a new tech-
nology is funded. To date, empirical estimates of oppor-
tunity costs have been a missing element of the decision-
making process. Seminal work by Claxton and colleagues
at the University of York described an empirical approach
to estimating opportunity costs as the expected shadow
price of the healthcare budget in the English National
Health Service [11]. Adapting these methods, we have
estimated the reference ICER as AUD28,033 for the Aus-
tralian healthcare system. It is expected that the funding of
a new technology with an ICER greater than the reference
ICER results in a net decrease in population health, as
represented by net QALY losses. Uncertainty analysis
around the base-case estimate indicates the high probability
that the reference ICER of AUD28,033 (bootstrapped 95%
CI AUD20,758-37,667) is less than AUD35,000 per
QALY.

There are no prior estimates of the opportunity costs of
healthcare funding decisions in Australia, but similar
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analyses have been undertaken in England and Spain. In
England, Claxton et al. [11] employed several cross-sec-
tional datasets capturing national and regional spending
and YLL across disease categories to estimate YLL elas-
ticities also using IV two-stage least-squares approaches.
YLL were then translated to QALYs by weighting YLL by
utility scores from the UK population. QALY gains asso-
ciated with improvements in HRQoL were assumed to be
generated at the same rate as QALY gains derived from
reduced mortality [11]. In Spain, Vallejo-Torres et al. [14]
used a fixed-effects model with 5-year data from the 17
regional health service areas to assess the impact of health
spending on quality-adjusted LE estimated using the
healthy LE approach [22]. Spanish life tables by region and
year were used to adjust LE for HRQoL by multiplying the
number of years lived within sex and age categories by
corresponding average EQ-5D utilities.

The main difference between the reported studies is
in the estimation of expenditure effects on HRQoL. The
English study did not use empirical HRQoL data, whilst the
Spanish and Australian studies used alternative methods to
generate yearly HRQoL effects. The Spanish study mapped
utility values to a set of health and socioeconomic indi-
cators for which repeat observations were available.
Nationally representative EQ-5D utilities were only avail-
able for 2011/2012 from the Spanish Health Survey;
therefore, information from the Spanish Health Survey in
2006/2007 and the European Health Interview Survey in
2009/2010 were used to model year-specific EQ-5D utili-
ties based on health indicators and socioeconomic variables
stratified by age and sex. The Australian study analysed
longitudinal data that included SF-6D derived utility val-
ues and a comprehensive range of sociodemographic and
social and economic condition variables aimed at isolating
the effects of health expenditure on HRQoL. The similarity
of the estimated opportunity costs in relation to current
ICER thresholds, despite divergent healthcare systems and
methodological approaches, provides some support for the
cross-validity of these studies (see Table 5).
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4.1 Limitations and Assumptions

Estimating Eq. (1) via ordinary least squares regression
results in biased coefficients on expenditure because of the
endogeneity to health outcomes. Instrumental variable two-
stage least-squares regression generates unbiased estimates
under such conditions; however, the robustness of these
estimates centres on the relevance and validity of the
instrument. To account for the endogeneity of health
expenditure to health outcomes in Eq. (1), we instrumented
the endogenous regressor with the proportion of the pop-
ulation providing unpaid care. Evidence was provided for
the relevance of the instrument, and its validity was
established theoretically and supported empirically with
sensitivity analyses indicating only large deviations from
the exclusion criterion would alter the qualitative conclu-
sions drawn (see ESM for full details).

Table 6 lists the assumptions incorporated in the pre-
sented analysis, noting the expected directions of each
assumption on the base-case reference ICER. The quali-
tative interpretation from these assumptions is that the
reference ICER does not significantly over- or underesti-
mate the true opportunity cost: of 10 key assumptions made
in the analysis, five are argued to have no directional
impact on the estimated reference ICER, three represent an
overestimate of the reference ICER and two represent an
underestimate of the reference ICER. As the central esti-
mate of the reference ICER suggests the current implied
decision-making threshold should be reduced, from a
change management perspective it may be more important
to focus on assumptions (5) and (8), which are predicted to
underestimate the reference ICER.

For assumption (5), the mortality-related QALY gains
calculated from Eq. (3) assume that averted YLL are lived
in the same utility as the general population matched by
age and sex. This may overestimate differences in QALYs
lost, as YLL are more likely to occur in clinical populations
with lower HRQoL than the general population.

A sensitivity analysis using utility values derived from
EQ-5D-3L data [23], which were on average 6% higher
than our base-case values, had minimal impact on the
reference ICER: the reference ICER reduced by AUD237
to AUD27,796. Thus, the base-case reference ICER is
likely to be robust to the potential overestimation of utility
values to estimate mortality-related QALY gains.

For assumption (8), in the estimation of morbidity-re-
lated QALY gains, the time trend variable may represent
the effects of factors other than government health
expenditure on population-level changes in HRQoL. The
wide range of socioeconomic covariates is assumed to
control for the effects of private health insurance and
individual health spending and the ‘assistance from welfare
or community organisations’ covariate controls for non-

government organisation expenditure. Variation in social
determinants of health may also explain improvements in
HRQoL over time. Determinants of health and illness are
broadly classified as biological, psychological and social
[24, 25], with government health expenditure largely
directed toward the biological and psychological determi-
nants. Social determinants of health include social and
community networks and the general socioeconomic, cul-
tural and environmental conditions such as education, work
conditions, unemployment and housing [26]. Our fixed-
effects regression model included a wide range of covari-
ates such as community engagement measures, employ-
ment, perceived prosperity and difficulty in meeting utility
payments, to control for changes in such social determi-
nants of health over time to provide the best current esti-
mate of the impact of government health expenditure on
population HRQoL. In addition, it is not clear whether
social determinants of health improved or declined over the
study period. A related factor likely to have underestimated
the reference ICER to some degree is the omission of
covariates representing improvements in safety (e.g.
occupational and transport safety) that are likely to have
contributed to improvements in HRQoL over the time
period.

We acknowledge that QALY maximisation is not always
the sole goal of public funding decisions [27]. QALY gains
do not represent the full societal valuation of individual
health benefits nor do they capture external factors such as
the perceived need to support and incentivise the pharma-
ceutical industry. Despite the limitations of the QALY as a
measure of benefit and the extraneous factors that may
influence funding decisions, the estimation of opportunity
costs with respect to forgone QALY is a useful input to the
decision-making process. If a new technology is estimated to
gain fewer QALY than are being forgone, then the decision
maker can trade off the QALY losses with other aspects or
dimensions of value that might be provided by the new
health technology under evaluation. Alternatively, a new
technology may be estimated to gain more QALY than are
expected to be forgone, but other factors such as the overall
size of the eligible population may require the ICER of the
new technology to be lower than the reference ICER. The
reference ICER reflects the effects of marginal increases in
government health expenditure, which likely underestimate
the opportunity costs of technologies with large budget
impacts.

5 Conclusion
Australian decision-making committees do not have

explicit cost-effectiveness thresholds. However, public
summary documents show that medical services with
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Table 6 Key assumptions made and justification for their potential impact on the reference incremental cost-effectiveness ratio (ICER)

Issue Assumption made Potential Rationale for potential impact on the
impact on the estimated reference ICER
estimated
reference
ICER
1 Incomplete government health Assumes that inclusion of missing Neutral There is no systematic relationship
expenditure government health costs would not between observed and unobserved
alter the estimated elasticity of health expenditure and total costs are inflated
outcomes to health expenditure to accurately represent complete
health costs
2 Elasticity of government health Assumes that the relationship between  Neutral Government health expenditure prior to
expenditure in 2011/2012 based on  government health expenditure and 2011/2012 has no impact on QALY
QALYs lost in the same year mortality-related QALYSs lost is at lost in 2011/2012 and government
equilibrium health expenditure in 2011/2012 has
no impact on QALYs lost in
years >2011/2012
3 Estimation of YLL Assumes that avoided deaths will live ~ Neutral Mid-range assumption compared with
to Australian LE at birth LE of 75 years (applied in other
(female = 85 years; studies) and LE at age of death.
male = 80 years) and that deaths that Therefore, assumes lower LE than the
occur > LE only incurred 1 YLL general population
4 South Australian age and sex utility =~ Assumes that South Australian utility =~ Overestimate = Large sample and conservative
scores applied to all YLL norms generalise to Australian norms estimates compared with Australian
norms
5 Conversion of YLL to QALYs lost ~ Averted YLL are assigned age- and Underestimate HRQoL may be lower than the general
sex-specific general population utility population in persons for whom death
scores is averted
6  SF-6D scores used to weight YLL Assumes that SF-6D utility scores Overestimate  Evidence suggests that the SF-6D may
and calculate change in HRQoL accurately reflect population utility underestimate health improvements
scores and therefore underestimate total
QALYs lost
7  Estimation of health expenditure Time trend coefficient assumed to Underestimate Potential for omitted variables in

effects on HRQoL

8  Duration of HRQoL improvement

without ongoing health expenditure

9  Calculation of percent of HRQoL
maintained over lifetime without
ongoing expenditure based on
relative expenditure in 2011/2012

10 Representation of HRQoL
improvements in previous years

represent HRQoL effects of changes
in health expenditure

Subjective estimation of proportion of
expenditure that generates lifetime
improvement in HRQoL without
ongoing expenditure

Relative expenditure across broad
categories of health expenditure are
stable over time

Ongoing HRQoL improvements
represented for the 10 years prior to
2011/2012

Overestimate

Neutral

Neutral

HRQoL analysis; minimised through
inclusion of a wide range of social and
economic condition covariates

Cautious approach to selection of
expenditure categories (base-case
11.7% expenditure associated with
long-term HRQoL gains)

Variations in expenditure across broad
categories relatively stable over time;
ICER not sensitive to variation in
duration of HRQoL without ongoing
expenditure

HRQoL improvements over prior
10 years not adjusted for mortality;
ongoing HRQoL improvements in
2011/2012 are discounted

HRQoL health-related quality-of-life, LE life expectancy, QALY quality-adjusted life-year, SF-6D Short-Form Six-Dimension, YLL years of life

lost

ICERs over AUDA40,000 per QALY gained have been
recommended for funding [28], whilst summary docu-
ments from the Pharmaceutical Benefits Advisory Com-
mittee have referred to the need to bring prices down so
that ICERs are reduced to a value between AUD45,000 and
AUD75,000 [29]. This article presents the first empirical
estimate of the opportunity costs of decisions to publicly

A\ Adis

fund new health technologies in Australia of AUD28,033
per QALY gained, which suggests a net loss in population
health associated with funding a proportion of new phar-
maceuticals and medical services.

Australia was an early adopter of economic evaluation
to inform funding decisions for new health technologies
[30]. We encourage the early adoption of these first
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empirical estimates of the opportunity costs in Australia to
better inform value-based decision making and to better
improve population health from the public funds allocated
to healthcare.
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