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Scientific Summary
Introduction

NICE's comparison of the incremental cost effectiveness ratio (ICER) of a new technology, which is
more costly than existing alternatives, with the cost-effectiveness threshold is important in assessing
whether the health expected to be gained from its use exceeds the health expected to be forgone
elsewhere as other NHS activities are displaced (i.e. whether the new technology is cost effective).

When NICE issues positive guidance for a new intervention which imposes additional costs on the
NHS, the resources required to deliver it must be found by disinvesting from other interventions and
services elsewhere. This displacement will inevitably result in health decrements for othertypes of
individual. Thus the threshold represents the additional cost that has to be imposed en the system to
forgo 1 QALY of health through displacement.

Currently NICE uses a threshold range of £20,000 to £30,000 QALY gained. and this has remained
the case in NICE's methods guidance since 2004. Thete has been a numbet ot calls for further
research on the value of the threshold.

This report details a 2-year project, funded by the NIHR and MRC Methodology Research
Programme, to develop methods to estimate the NICE coSt effectiveness threshold.

NICE's remit implies a seties of characteristics for‘any empirical research on the threshold:

e Reflect the expected health effects (in terms of length and quality of life) of NICE guidance
through the displacement decisions taken across the NHS rather than what specific services are
(ot could have been) displaced.

e  Tacilitate regular updates, >ased en routinely available data, to reflect NHS changes such as real
overall expenditure and productivity. This would encourage accountability through scrutiny by
stakeholders and provide predictability for technology manufacturers' investment decisions.

e The nature of service displacement and the magnitude of the health forgone will depend on the
scale of the budget iapact which should, ideally, be reflected in the value of the threshold.

e Methods should recognise the inevitable uncertainty relating to the evidence currently available
for the threshold and reflect its implications for policy.

Study methods

The aim was to develop methods to estimate the NICE cost-effectiveness threshold making use of

routinely available data. Objectives were:

Informed by relevant literature, to provide a conceptual framework to define the threshold and
the basis of its estimation.

Using programme budgeting data for the English NHS, to estimate the relationship between
changes in overall NHS expenditure and changes in mortality.

Extend the measure of benefit in the threshold to QALY by estimating the quality of life (QoL)
associated with additional years of life and the direct impact of health services on QoL.

Present the best estimate of the cost effectiveness threshold for policy purposes.
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2.2 Eatlier econometric analysis estimated the relationship between differences in primary care trust
(PCT) spending and associated disease-specific mortality. Expenditure came from programme
budgeting data which allocates the entire volume of health care expenditure to broad programme
budget categories (PBCs) according to primary diagnosis.

2.3 This research extended this in several ways including estimating the impact of marginal increases or
decreases in overall NHS expenditure on spending in each of the 23 PBCs. These were linked to
changes in mortality outcomes by PBC across 11 PBCs.

2.4 'The results of the econometric analysis were translated into broader effects in terms of QALYs. The
first stage linked estimated effects on mortality to life years taking into account the ‘counterfactual’
deaths that would have occurred if the population in a given PBC faced the same mortality ricks as
the general population. The second stage accounted for the health (QALY) effects of changes in
mortality due to changes in expenditure reflecting how QoL differs by age and gender. The third
stage incorporated those effects on health not directly associated with mortality and life year effects
(i.e., the ‘pure’ QoL effects) to estimate an overall cost per QALY threshold: The approach uses the
estimates of mortality and life year effects as 'surrogate outcomes' for a maore complete measure of
the health effects of a change in expenditure. This appears more plavsibie than assuming no effects
of NHS expenditure on quality of life outcomes.

2.5 The estimated proportional effect on the mortality and life year burden of disease is applied to
measures of QALY burden. Applying a proportionate ‘¢ficct to measures of QALY burden of
disease is equivalent to assuming that any estimated effects on life years are lived at quality of life that
reflects a proportionate improvement to the guality of life with disease. It also allows quality of life
effects of changes in expenditure to be included; also based on proportionate improvement in the
quality of life with disease. In those PBCs where mortality effects could not be estimated the
proportional effect of changes in expenditure’on QALY burden of disease is assumed to be the same
as the overall proportional effect-ori the life year burden of disease across those PBCs where
mortality effects could be estimated:

2.6 The methods planned for the study included a consideration of local data, collected routinely by
PCTs, on the types of initervention in which local decision-makers were investing and disinvesting.
The aim was to inform the link between the effects of expenditure changes on mortality and impacts
on broader heatth itrterms of QALYs. These data may have indicated the types of interventions and
services, withina-given PBC, on which investment and disinvestment were taking place. Using
targeted diterature reviews, estimates of QoL for those activities may have been identified. However,
it was-established that there were limited data available at a local level to facilitate this type of

analysis, so other data sources were used for this purpose.

3 Central or 'best' estimate of the threshold

3.1 The most relevant threshold is estimated using the latest available data (2008 expenditure, 2008-10
mortality). The central or 'best’ threshold is estimated to be £18,317 per QALY.

4  Which PBCs have the greatest influence on the overall threshold?

4.1 Although the 11 PBCs where a mortality effect of changes in expenditure could be estimated only
account for 36% of the change in overall expenditure, they account for 80% of the overall health
effects. The other 12 PBCs, where mortality effects could not be estimated, account for the greater
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5.1

52

5.3

5.4

part of a change in overall expenditure (64%) but only 20% of the overall health effects, i.c., the cost
per QALY estimates associated with a change in expenditure in these PBCs are, in general, much
higher.

Insofar as investment and disinvestment opportunities in these PBCs might have been more valuable
(offered greater improvement in QoL) than suggested by the implied PBC thresholds, the overall
QALY effects will tend to be underestimated and the overall cost per QALY threshold will be
overestimated.

The overall threshold of £18,317 may be especially conservative (i.e., likely to be overestimated) with
respect to health effects in PBC5 (Mental Health Disorders), which accounts for a large proportios
of the change in overall expenditure (25%) and contributes most to the overall health effects (9%)
compared to these other PBCs. The cost per QALY associated with this PBC is based ofi 2n
extrapolation rather than observations of the direct impact of changes in expenditure on/Qol.
Available evidence suggests that the investment and disinvestment opportunities in mental health are
likely to have been much more valuable than its implied cost per QALY.

How uncertain are the estimates and what are the implications?

Simulation methods were used to reflect the combined uncertainty in the various estimates from the
econometric analysis. This indicated that the probability that the overall threshold is less than
£20,000 per QALY is 0.64 and the probability that it isless than £30,000 is 0.92.

As the consequences of overestimating the threshold are more serious than underestimating it in
terms of population health, a policy threshold wili e Tower than the mean of the cost per QALY
threshold (i.e., lower than £18,317) to compensate for the more serious consequences of
overestimating the ‘true’ value.

There were other (‘structural’) sources of uncertainty associated with the estimated threshold,
specifically relating to the choice tifeconometric models and identification of causal effects.
Although all the models passed the relevant tests of validity, there remained some uncertainty about
the validity of the instriments: This structural uncertainty constituted a greater part of the overall
uncertainty associated with the mortality effects of changes in expenditure, but the central estimate
of the cost per QALY threshold was robust to this uncertainty.

The method of analysis used to link the effects of changes in expenditure on mortality to a fuller
measure Of nealth expressed in QALY's was also subject to uncertainty. A preferred analysis (or
scenaiio) was identified as making the best use of available information, with assumptions appearing
ore reasonable than the available alternatives and providing a more complete picture of the likely
health effects of a change in expenditure.

A critical issue is whether, on balance, the central or best estimate is likely to be an underestimate or
overestimate of the cost per QALY threshold. Although other assumptions and judgments are
possible that retain some level of plausibility, they do not necessarily favour a higher threshold.
Indeed, when considered together, they suggest that, on balance, the central or best estimate of
£18,317 is, if anything, likely to be an overestimate.
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There are some reasons why the central estimate of the QALY threshold might be underestimated
(e.g., see items 1 to 4 in Box 5.1 in Section 5.4). For example in calculating life year effects it is
assumed that those deaths averted by a change in expenditure returns the individuals to the mortality
risk of the general population (matched for age and gender). There are a number of other reasons
why the central estimate might be overestimated (e.g., see assumptions 5 to 7 in Box 5.1). For
example, the health effects of a change in expenditure are restricted to the population at risk during
one year. This also means that the health effects of changes in expenditure which reduce incidence
(prevention of disease) will not be captured either. A more formal and longer lag structure in the
estimation of outcome elasticities would be likely to capture more health effects of a change in
expenditure.

The effect of other assumptions that have been necessary are more ambiguous although sotne
evidence suggests their net effect maybe conservative with respect to health effects of changes in
expenditure (e.g., assumptions 8 to 10 in Box 5.1).

The impact of investment, disinvestment and non marginal effects

The central estimate of the cost per QALY threshold is based on estirates-of the health effects of
changes in expenditure across all 152 PCT's, some of which will be-making investments (where
expenditure is increasing) and others making disinvestments (whete expenditure is reduced or
growing more slowly).

The threshold is, however, likely to differ across thiese different types of PCT. It would be expected

that, other things equal, more expenditure wowld inciease health but at a diminishing rate.

Therefore, the amount of health displaced by disinvestment would be expected to be greater, and the
associated threshold lower than the central estimate. Conversely, the health gained from investment

would be expected to be lower, and the associated threshold higher.

This was examined by re-estimiting the outcome and expenditure effects separately for those PCT's
where their actual budget is under-ilie target allocation from the Department of Health resource
allocation formula (i.e., those under greater financial pressure and more likely to be disinvesting than
investing), and those that ate over target (under less financial pressure and more likely to be investing

than disinvesting).

The results confirm these expectations: the health effects of changes in expenditure are greater when
PCTs are-under more financial pressure and are more likely to be disinvesting then investing. The
analysis saggests that budget impact not only displaces more valuable activities within each PBC but
that overall expenditure tends to be reallocated to PBCs which can generate more health. Although
forther research might enable a quantitative assessment of how the relevant threshold should be
adjusted for the scale of budget impacts, the qualitative assessment seems clear: the central estimate
of the threshold is likely to be an overestimate for all technologies which impose net costs on the
NHS (almost all technologies appraised by NICE); and the appropriate threshold to apply should be
lower for technologies which have a greater impact on NHS costs.

How does the threshold change with overall expenditure?

The same methods were used to consider how the cost per QALY threshold is likely to have
changed from 2007 to 2008 as overall expenditure has increased. This provides some insights into
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how the threshold might be expected to change over time as, for example, overall expenditure and
NHS productivity changes.

This has implications for a judgement about the appropriate frequency of periodic reassessment of
the cost per QALY threshold. Other things equal, the threshold would be expected to increase
following a rise in overall expenditure, although this will depend on whether there is discretion over
how additional resources can be spent. However, insofar as the productivity of those activities that
are valuable to the NHS also improves through innovation, the threshold will tend to fall. So the net

impact of these two countervailing effects on the threshold cannot be determined a priori.

Differences in the estimated thresholds between 2007 and 2008 were assessed. Although oyerall
expenditure increased by 6% between 2007 and 2008 which represented real growth of 2% in 2007
prices, the overall threshold for all 23 PBCs fell by 2% in nominal terms and by 5% in-teal térms.

The reasons are complex but reflect changes in productivity, which differ across PBCs, but also a
general reallocation of a change in overall expenditure towards those PBCs that-appear more
valuable in 2008. Given the uncertainty in estimation, subtle differences between 2007 and 2008
should not be over-interpreted. This analysis does suggest, however/ thag the overall threshold will
not necessary increase with growth in the real or even nominal NHGS budget. This suggests that the
threshold is more likely to fall at a time when real budget growth s flat or falling and PCT's find
themselves under increasing financial pressure.

What type of health is forgone by approval of @ new technology?

The methods of analysis can identify not only how many QALYs are likely to be forgone across the
NHS as a consequence of approving a technology which imposes additional costs on the NHS, but
also where those QALYs are likely to'be forgone and how they are made up, i.e., the additional
deaths, life years lost and the QoL irnpacts on those with disease.

As an example, based on the 2008 central estimate of the cost per QALY threshold (£18,317), the
approval of Ranibizumabfer the treatment of diabetic macular oedema (prior to the patient access
scheme agreement) would have imposed additional annual costs of up to £80m on the NHS each
year and been likely to displace 4,367 QALY elsewhere in the NHS. This forgone health is likely to
be made up of 295 additional deaths and 1,337 life years forgone, most of which are likely to occur in
Circulatory, Respiratory, Gastro-intestinal and Cancer PBCs. However, much of the total health
effect of these udditional costs (3,509 QALYs) is associated with QoL forgone during disease which

is most likely to occur in Respiratory, Neurological and Mental Health PBCs.

Conclusions and implications for practice

The research presented here goes some way to providing an empirically-based and explicit
quantification of the scale of opportunity costs the NHS faces when considering whether the health
benefits associated with new technologies are expected to offset the health that is likely to be forgone
elsewhere in the NHS. As such it provides a basis for determining the appropriate threshold for
NICE decisions as well as those made centrally by the NHS and Department of Health more
generally.



9.2 The methods presented can be used as a framework for further empirical work as additional and
more appropriate data emerge in the NHS. They also offer a basis for threshold estimation in other
health care systems with budget constraints that use cost effectiveness analysis to inform resource

allocation decisions.

9.3 The study also statts to make the other NHS patients, who ultimately bear the opportunity costs of
such decisions, less abstract and more ‘known’ in social decisions. Since who happens to be known
or unknown is only a matter of perspective, time and ignorance, ethical and coherent social decisions
require that both should be treated in the same way. These methods contribute to removing som¢ of

the ‘ignorance’ and making the unknown more real.

9.4 This work has implications for the Government's proposals to move to a system of value-based
pricing for new prescription pharmaceuticals, which may include some additional weighi foi health
benefits in diseases which impose a large health burden and/or where there are wider social benefits
for patients, their carers and the wider economy. The methods developed in this tesearch will allow
the same weights to be also attached to the type of health that is lost and estimate the wider social
benefits that are likely to be lost when the NHS must accommodate the additional costs of new

drugs.
10 Research recommendations

10.1 Update estimates of the threshold with more recent ane tuture waves of expenditure and mortality
data.

10.2 If other aspects of social value are applied to health benefits of a new technology they must also be
attached to the type of health that is likely to be forgone due to additional NHS costs. The methods
developed here can be extended to aliow weights to be also attached to the type of health that is
forgone and estimate the wider social’benefits that are likely to be lost when the NHS must

accommodate the additional costs of fiew drugs.

10.3 We have demonstrated thut these methods of analysis can be applied to quality of life data collected
as part of PROMs. This§ type of analysis could be applied to these data in key PBCs as PROMs is
rolled out providing some evidence about the quality of life effects of changes in PBC expenditure.

10.4 A key PBC is Menial Health. Cutrently outcomes data that could be linked to measures of quality of
life are routinely collected in primary care. In principle, the same methods of analysis can be applied
to these data once they are made available providing some evidence about the quality of life effects of
chaiges’in mental health expenditure.

10.5Improved and more recent estimates of incidence (by age and gender) and duration of disease will
soon be available from the recently published updated WHO Global Burden of Disease study.

These data could be used when the threshold is re-estimated for later waves of expenditure data.
Alternatively, estimates could be based on CPRD data.

10.6Estimating a more complex lag structure based on the evolving panel data would provide valuable
evidence about the duration of the health effects of changes in expenditure. The recent release of
census data for 2011 may allow a panel model to be estimated allowing better control for unobserved
heterogeneity across PCTs as well as exploiting variation in outcomes, expenditure and other

x1



covariates over time. The formation of Clinical Commissioning Groups (CCG) in 2013 will make
the time series problematic for waves of expenditure after 2012 unless it is possible to match CCG
and PCT boundaries.

10.71f PBC expenditure and outcome data ate available at CCG level (as well as covariates and suitable
instruments), it might become possible to estimate outcome and expenditure equations
simultaneously across PBCs. This would enable more of the likely health effects of changes in
expenditure to be reflected in the analysis.

xii



Chapter 1: Introduction
11 Policy context

A comparison of the incremental cost effectiveness ratio (ICER) of a new technology with a cost-
effectiveness threshold is not the only consideration when the National Institute for Health and Clinical
Excellence (NICE) and its advisory committees issues guidance. But it is an important one as it allows an
assessment of whether the health expected to be gained from the use of a technology exceeds the health
expected to be forgone elsewhere as other NHS activities are displaced. For this reason a comparison of
the ICER of a technology to a threshold range is a critical part of the reference case in the NICE Guide
to Methods of Appraisal[1] and is often taken to be the starting point for deliberations about other,
considerations including judgements of social value. Therefore, the value of the threshold is critical to/the
assessment of whether technologies can be regarded as cost-effective. This is also true for othed NHS
resource allocation decisions which potentially impose additional costs on local NHS commissioners.

From 2014 the Government plans to introduce a new approach to determining the approptiate price of
prescription pharmaceuticals. Under value-based pricing, the price the NHS pays fora new product will
be directly linked to its cost-effectiveness.|2, 3] Therefore, the value of the threshold will be even more
important as it will have a major impact on the prices that the NHS pays for phatmaceuticals, the access
that NHS patients will have to new drugs and the return that manufacturers ‘can expect from future
research and development.[4, 5]

1.2 Estimating the cost-effectiveness threshold

A key part of NICE’s remit is to make decisions which are (consisteiit with the efficient use of NHS
resources. In the context of the NHS budget constraint;a consideration of efficiency has to reflect the
implications of imposing additional costs on the system which will displace existing services thus leading
to health decrements for patients other than those benefiting from the new technology being appraised.
The cost-effectiveness threshold is an estimate-of health forgone as other NHS activities are displaced to
accommodate the additional costs of new technologies. A national decision-making body like NICE
needs an estimate of what is likely to be forgone dcross the NHS as we currently find it.[6] Of course,
this will change as circumstances and the INHS change; tending to rise with increases in budget and health
care costs but tending to fall with inicreases in the productivity of health technologies and the efficiency of
the NHS in general - including better-local commissioning decisions.[7] A body like NICE cannot and
does not necessarily need to know what specific services and treatments will be displaced in particular
localities or who will actually forga health.

What is required, therefore, is an accountable and empirically-based assessment of the health that is likely
to be forgone on average scross the NHS. Currently NICE uses a threshold range of £20,000 to £30,000
per quality adjusted iife year (QALY) gained, where additional considerations are required towards the
upper bound.[1]\ The empirical basis of this range of values is very limited and there have been calls for
further reseatchin this area.[8] Explicit scientific methods are required which will provide accountability
so that estimates can be scrutinised by a range of stakeholders. Since estimates of the threshold will need
to be peéricdically revised, methods which make best use of routinely available NHS data are needed. As
well 25 accountability, this will also provide more predictability in likely changes to the threshold for the
investment decisions of technology manufacturers.

1.3 Aims and objectives

The aim of this research is to develop and to demonstrate methods to estimate the cost-effectiveness
threshold for the NHS which makes best use of routinely available data. Methods are required which can
capture the impact of a change in expenditure on length and quality of life (QoL), indicate how estimates
of the threshold have changed over time, reflect uncertainty in any estimates and assess its implications,
and indicate the impact of increases or decreases in spending. The project also aims to discuss options
for developing data sources in the UK to estimate the threshold more precisely over time.

The research has four main objectives:



1.

1i.

iv.

1.4

Informed by relevant literature, to provide a conceptual framework to define the threshold and
the basis of its estimation.

Using programme budgeting data for the English NHS, to estimate the cost per life year gained
on average across the NHS, for marginal changes in budget.

To extend the measure of the health effects of changes in expenditure by estimating the QoL
associated with additional years of life and the direct impact of health services on QoL.

To synthesise this work to bring evidence on life-years and QALY together, to present the best
estimate of the cost-effectiveness threshold given existing data, to show the implications of the
uncertainty in the current evidence and to provide recommendations for future data collection
and analysis.

Report structure

The main report is set out as a series of chapters, most of which are linked to more detailed analysis in
separate appendices. Chapter 2 provides a policy context for the research and a conceptual framework
for the subsequent empirical work. Chapter 3 outlines a simple theoretical model and associated
econometric analysis of programme budgeting data to estimate the link between changes'in overall NHS
expenditure and mortality. Chapter 4 considers a range of analyses to extend the measure of health effect
from mortality to life-years gained and to QALYs. Chapter 5 draws out the main conclusions and
insights from the research.



Chapter 2: Policy Context and Conceptual Framework

2.1 Introduction

The purpose of this chapter is to provide the foundation for the empirical chapters that follow. It
addresses a series of questions regarding the nature of the cost-effectiveness threshold that NICE use to
guide its decisions, and the principles of how it should be estimated.

The chapter is informed by the results of a systematic literature search relating to these questions. Details
of the methods and results of that search, together with a summary of the papers identified, are provided
in Appendix A. In brief, the search uses a 'peat] growing' method to identify relevant papers. This
identifies a number of initial key articles (‘peatls’) on the basis of expert advice, and 'grows' these pearls
a series of steps: extraction of citations and references from the initial pearls; identification of further
peatls from cited and referenced papers; repetition of citation and reference searches; and manual search
of references. This process is repeated until no further papers of relevance are identified. On this basis,
76 relevant papers were identified and are referred to, when relevant, in this chapter.

This chapter is organised as follows. The next section considers, at a conceptual level, <what the cost-
effectiveness threshold to inform NHS decisions, such as those made by NICE's adwisory committees,
should represent. Section 2.3 considers alternative routes to generating an empitical’ estimate of such a
threshold. The final section provides a brief overview of the methods used-in the study.

2.2 What should the NICE threshold represent?
2.2.1 The threshold as a measure of opportunity cost

NICE uses cost-effectiveness analysis (CEA) to inform the\decisions underlying most types of guidance
that it publishes. The use of CEA is most prominent it appraisals relating to new medicines,[1] but is
also a key input into diagnostics appraisals as wellas ¢linical guidelines and public health guidance.[1, 9]
For those interventions and programmes which impose additional costs on the NHS budget, their
incremental cost-effectiveness ratios (ICERs) indicate the incremental cost per additional quality-adjusted
life-year (QALY) achieved relative to approptiate comparators. Although the ICER is one of a number
of evidential inputs into NICE commiittees” decisions, is has been shown to be the most important, at
least for technology appraisals.[10]

Interpreting whether a given ICER is acceptable requires the use of a cost-effectiveness threshold.

Given that NICE has no influence on the level of the NHS budget, its decisions need to consider that
budget a fixed constraint.[6]- Therctore, the threshold should reflect the opportunity costs, in terms of
health forgone, resulting from the imposition of additional costs on the NHS. When NICE issues
positive guidance foiranew intervention which imposes additional costs on the system, the resources
required to deliver it‘must be found by disinvesting from other interventions and services elsewhere.[11]
This displacement of existing services will result in health decrements for other types of individual.[12]
Thus the threshold represents the additional cost that has to be imposed on the system to forgo 1 QALY
worth of healtli through displacement.

Resourge allocation decisions based on comparing an ICER with a cost effectiveness threshold uses some
simplifying assumptions including those of constant returns to scale and perfect divisibility of
programmes.[13] Some have suggested that this makes these methods unreliable,[14] although it has also
been argued that they provide useful approximations to guide decisions.[15] This report takes NICE's
use of these methods as a starting point, and does not review the literature relating to this debate in any

depth.

As Figure 2.1 illustrates, CEA effectively becomes an analysis of net health benefits: does the health gain
from the new intervention outweigh the health decrements associated with the displacement of existing

services necessary to fund it? Figure 2.1 shows the incremental costs and QALY associated with a new
intervention relative to a comparator (the latter being shown at the origin). The new intervention



generates 2 additional QALY per patient and, at price P1, imposes an additional £20,000 per patient; the
ICER is, therefore, £10,000 per QALY gained. At a threshold of £20,000 per QALY, the additional cost
of £20,000 per patient translates into a decrement of 1 QALY (the distance between the y-axis and the
threshold). This is because the threshold indicates the additional cost that needs to be imposed on the
NHS budget in order to displace services that result in 1 QALY being forgone. Therefore, at that price,
there is a net health gain of 1 QALY per patient (2 gained from the new intervention and 1 forgone
through displacement). At a price of P2, the additional cost per patient of the new intervention is
£40,000 and the net health gain is zero: the 2 additional QALY from the new intervention are the same
as the QALYs forgone through displacement. At the highest price of P3, the adoption of the new
intervention would actually result in a net health decrement of 1 QALY as it generates fewer QALY's (2)
than are forgone (3).

Figure 2.1: graph showing illustration of the NICE threshold as a basis for assessing net health
benefit. Adapted from Claxton er al[4]
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The use of the threshiold to facilitate this net health benefit (NHB) analysis can be expressed as in
Equation 2.1:

NHB = &1 - Ao

Equation 2.1

whete Ah s the change in health generated by the new intervention, AC, is the additional health care
costimposed on the NHS, and k is the cost effectiveness threshold. The net health gain from adopting

AC,

the new intervention is, therefore, the health gained, Ah, minus the health forgone ,—-

Understanding the NICE cost-effectiveness threshold as representing opportunity costs in terms of
health is explicit in NICE documentation (for example, the methods guide for technology appraisal[1]).
It is also clear in reports published by the Department of Health, such as the consultation report on
value-based pricing.[8, 16, 17] This conceptualisation of the principles of the NICE threshold is also
described in the broader literature.[6, 7] Formally, the threshold can be seen as the shadow price of the
budget constraint.[6, 7, 12, 18-20] Although this project focussed on the use and estimation of a cost-



effectiveness threshold for NICE decisions, the methods and estimates relate to any resource allocation
decision within the NHS where the opportunity cost could fall anywhere in the system. Hence it could
apply, for example, to Department of Health targets or to Commissioning Board directives, as well as
NICE guidance.

2.2.2  The threshold as the consumption value of health

Another view of what the threshold used in CEA should represent exists in the literature, however. In
general terms, this is based on the rate at which individuals are willing to forgo other forms of
consumption to achieve health improvement (sometimes referred to as 'willingness to pay").[21-40]
Although this consumption value of health can provide information on the value of health improvemeit
and may guide decisions such as the level of the overall NHS budget, it does not inform decisions
regarding how to allocate a fixed budget within the health care system.

The reason for this is that the consumption value of health applies equally to health gained aswellas to
health forgone. This is shown in Equation 2.2 where the consumption value of health,v,is-added to the
definition of NHB in Equation 2.1. This simply involves valuing both health gained and health forgone
by the same consumption value of a unit of health, ». Therefore, the use of the congurapiion value is
irrelevant: a treatment considered cost effective in Equation 2.1 (i.e. to have a positive NHB) will
inevitably be considered cost-effective in Equation 2.2, and an intervention with'uegative NHB (i.e. not
cost effective) will remain as such in Equation 2.2." Therefore, the magnitude-ef the threshold, k, is not a
value judgment but an empirical question which can, in principle, be estimated.

NHB =v.Ah— Y AC,
k Equation 2.

2.3 Estimating the threshold
2.3.1 NICE's threshold range

NICE has been reluctant to specify a single ‘cost effectiveness threshold used in its decision making.[10]
It has also consistently emphasised that factors other than CEA are taken into consideration by the
various advisory committees.[1, 9, 10,:41-43] Therefore, it has preferred to indicate the range within
which its threshold value lies - £20,000 to £30,000 per QALY gained.[1, 9] Alongside this, it has
provided an indication of the role otherfactors play in determining which point of threshold range is
relevant. The latest guide[1] suggests that an ICER below £20,000 is likely to lead to recommendation
unless the evidence is considered highly uncertain; an ICER between £20,000 and £30,000 will lead to
recommendation if the‘committee is also happy with the levels of uncertainty in the evidence and/or the
QALY does not capture ail aspects of benefit; and an ICER above £30,000 would only be recommended
if issues related ro levels of evidential uncertainty and a failure to capture all benefits in the QALY are
particularly compeliitig:

! This’is the case so long as all incremental costs are health care system costs or, as currently, the perspective
adopted by NICE is commonly restricted to the health care system. If a broader perspective was to be adopted and,
nsofar as there are some incremental costs (or benefits) of adopting a technology that fall on private consumption,
theti v does become relevant to decision making because it represents the value of these consumption effects in
terms of health. In these circumstances it would be inappropriate either to compare an ICER which included
consumption effects to k (because consumption costs do not displace health in the NHS), or to compare it to v
(because some of the costs do not displace private consumption but displace health at rate k). The ratio of k/v
represents the value of NHS resources relative to private consumption. Observing k < v would suggest a positive
shadow price on NHS resources and public expenditure more generally, i.e., it would indicate that a public sector £
is scarce relative to a private £. See Claxton K., Walker S., Sculpher MJ. and Palmer S. Appropriate perspectives for
heath care decisions. Centre for Health Economics, University of York. CHE Research Paper 54; 2010 for a more
extended treatment of perspective, the implications for decision rules and the centrality of an estimate of the

threshold, k.



In the following year, NICE issued further supplementary guidance relating to the appraisal of
interventions for patients with short life expectancy, although this can be considered to relate more to the
measure of benefit than factors to be considered outside of cost effectiveness.[44] In 2012 NICE issued
a draft update of its methods guide which added that, if a new technology has an ICER above £20,000
per QALY, the committee's deliberations would also consider "aspects that relate to non-health objectives
of the NHS' (e.g. wider social considerations and/or costs that fall outside of the NHS budget).[45]

Although NICE has carefully argued the case for why its decisions are not driven entirely by a
comparison of the ICER with its threshold range, it has not provided any empirical evidence for why the
threshold range takes the value it does. Indeed it has been widely argued than an empirical basis for these
values should be generated.[8, 46-50] For example, the House of Commons Health Select Committeein
2008 argued:

“The affordability of NICE guidance and the threshold it uses to decide whether a treatment is cost-gffectsve is of
serions concern. The threshold is not based on empirical research and is not directly related to the budget, 2t séems to
be bigher than the threshold used by PCTs for treatments not assessed by NICE. Some witnesses; invisaing patient
organisations and pharmacentical companies, thonght that NICE should be more generous in ihe cosper QALY
threshold it uses, and should approve more products. On the other band, some PCTs struggle to-iniplement NICE
guidance at the current threshold and other witnesses argued that a lower threshold should e used. We recommend
that the threshold used by NICE in its full assessments be reviewed; further research somiparing thresholds nsed by
PCTs and those used by NICE should be undertaken....” (8], page 6).

2.3.2 The basis for empirical work

Although there is acceptance of the need for empirical work on/the NICE cost-effectiveness threshold, a
set of issues exists regarding the starting point for such analysis: One aspect of this is the view that the
nature of the services that are displaced in response to addirional costs being imposed by NICE guidance,
and hence the magnitude of the health forgone for oiher patients, will depend on the productivity of the
NHS and its overall (inflation adjusted) budget, both ¢if-which have increased since NICE initially defined
its threshold range.[51, 52] In principle an inciease in the (real) NHS budget would allow it to introduce
interventions which were previously not cost'effective which might be expected to increase the threshold
if these interventions were the marginal ones displaced in response to the budget impacts of NICE
recommendations. However, any increase1in the NHS budget may be allocated to non-discretionary
expenditure. This would include, for example, expenditure relating to national initiatives such as new
contracts for consultants and activities >’ meet waiting list targets as well as, of course, the
implementation of NICE guidance. The non-discretionary nature of such expenditure means that these
types of activities cannot easily be disinvested from given a need to release resources to fund NICE
guidance. Therefore, if an inicrease in the NHS budget is largely devoted to these types of non-
discretionary expendituie; there will be a limited impact on the threshold.

Gains in producuvity may come through doing worthwhile activities more cost effectively, including for
those marginal inteyventions displaced by NICE recommendations, suggesting a reduction in the
threshold. Aliernatively, productivity gains might come through discontinuing activities which are not
worth doing (i.e. that produce no health improvement), freeing resources for additional cost effective
interventions which may be the marginal services displaced by NICE guidance - this can have the result

of increasing the threshold.

The net effect of these changes on the threshold could not be determined « priori and would depend how
any additional (real) budget were allocated and how the gains in productivity where achieved. This does
emphasise the fact that the threshold may change over time in response to these and other broader
developments, and this would have to be considered as part of any regular updating of the empirical
analysis of the threshold.

A second issue to be considered relates to how decisions are taken locally about any displacement
following NICE guidance. The principles of CEA suggest that such displacement should relate to
interventions which are the least cost effective of those currently covered by the budget.[18] The basis



for how local commissioners and providers make their disinvestment decisions is not clear, however, and
there have been calls for greater transparency and guidance in this area.[51] It would be entirely
unrealistic to assume that displacement only takes place in those existing services which are the least cost
effective. The reality is that numerous criteria are likely to be used by commissioners in implementing
disinvestment, and that significant variation will exist between local decision makers.[12] Such criteria
might include, for example, equity concerns about a particular disadvantaged group locally or capacity
constraints regarding particular services. Therefore, NICE needs to know what is likely to happen on
average across the NHS given the reality of local decisions. If local decision making changes over time -
for example, if local commissioners become more focussed on displacing services which are the least cost
effective, in terms of population health - this may affect the estimate of the threshold.

2.3.3  Studying displacement locally

A reasonable conclusion from a consideration of these issues is, therefore, that local decisions about
disinvestment are likely to be an important determinant of the NICE threshold.[53-58] ~Ajppleby /e a/
sought to assess whether it was possible to study local decisions about service investment-and
disinvestment to infer the cost effectiveness thresholds being used (implicitly) locally-and to draw
conclusions about the appropriate level of the NICE threshold.[59] They identified cix primary care
trusts (PCT's) and undertook structured interviews with each of the directors of ptbiic health. They also
administrated questionnaires to an opportunistic sample of finance directors from NHS trusts. On this
basis they developed a list of new services as well as those that had been deferred or discontinued. An
attempt was made to estimate the implicit local ICER relating to these-decisions by using any cost
effectiveness evidence used to inform the decisions together with relevant evidence on cost effectiveness
from the published literature.

The study found it quite straightforward to identify specific scevices that had been introduced,
discontinued or deferred, but concluded that these decisicns were typically based on clinical and other
non-economic factors. A number of 'decisions atthe/margin' were identified but none of these was based
on cost effectiveness analysis. Instead, the basis for changes in services was a 'business case', or overall
cost impact. It was possible to impute cost<¢ffectiveness for most of the services affected, but the study
concluded that, even with a larger sample of commissioners and providers, it would be very difficult to
estimate an implied cost effectiveness thteshold locally. This would be because, firstly, most PCT
decisions were service reconfigurations including demand management and waiting list initiatives. By
their nature, teasing out the incremental cost and health effects, potentially across numerous types of
patients, would be an enormous challenge. Secondly, there would be difficulty in identifying all local
decisions as many options-foi-investment, deferment or discontinuation are rejected before they are made
more explicit in documentation. A'third problem would be the finding that a range of criteria is used to
make local decisions, with relatively little concern for cost effectiveness , making a local threshold
estimated in this way-hard to interpret. A final challenge would be that it would be very difficult to
establish a causallink’between a change in local NHS budget and specific local investment and
disinvestment aecistons. The Appleby ez a/ study highlights the problems that exist in deriving a cost
effectiveness thitreshold from a bespoke study of specific local resource allocation decisions.

2.3.4 <~ What evidence is needed?

Giventhe challenges of studying local decisions as a means of establishing the NICE threshold, and
keeping in mind NICE's remit, it is possible to suggest a seties of important characteristics that estimation
methods should have from the perspective of principle and practice:

e They should reflect the effect of NICE guidance on the average of the displacement decisions
taken across the NHS, with less consideration on which types of patients and interventions are
affected and why the decision are taken. NICE cannot be expected to reflect what is likely to
be marked variation between local commissioners and providers in how they react to an
effective reduction in their budget as a result of positive guidance. Given NICE's remit, it is
the expected health effects (in terms of length and quality of life) of the average displacement



within the current NHS (given existing budgets, productivity and the quality of local decisions)
that is relevant to the estimate of the threshold.

e The methods used should not be a 'once and for all' effort but should facilitate regular updates
to reflect changes in the broader NHS context such as changes in the overall real budget and
productivity. This requites the use of data sources that are currently routinely available, are
expected to become so in the future or could be made available at reasonable cost. It may be
possible to glean some idea of how the threshold may change in the future by studying how it
has changed in the past, which would require routine data sources to extend back over a period
of time. Periodic updating using explicit scientific methods would encourage accountability
through scrutiny of estimates by relevant stakeholders. It would also provide more
predictability in likely changes to the threshold for the investment decisions of technology
manufacturers.

e The nature of the displacement of existing services (and hence the magnitude of thé Heaith
forgone) will depend on the scale of the budget impact coming through NICE guidance.
Therefore, the methods used to estimate the threshold should ideally be ablé¢ i retlect this
budget impact.

e The methods should recognise the inevitable uncertainty relating te the cvidence currently
available for threshold estimation and translate this into an expréession of the uncertainty in the
estimate of the threshold. As well as providing information with which NICE can determine
the appropriate implications for its choice of a threshold value; this consideration of uncertainty
can help to prioritise further research or the collection of routine data.

2.4 An introduction to study methods

The current study has sought to develop methods congistent with these desired characteristics. This
section provides a summary of the methods used. Fuither details are provided in each of the later
chapters relating to the various components ot'work, and in the associated appendices. The general
approach taken is to use routinely available datato-look at the relationship between overall NHS
expenditure and patients' health outcomes. By ¢xploiting differences between PCTs in expenditure and
outcomes, it is possible to infer the costs of generating health improvement from NHS services at the
margin. In principle, this is what isineeded as the basis of the NICE cost effectiveness threshold as it
provides an indication of the health forgone through the services displaced by the additional budget effect
of the Institute's guidance.

2.4.1 Pastwork

The study was able £o build on some key existing research relating to the relationship between NHS
expenditure and mortality.[60-62] Since 2003 data on expenditure on health care across 23 programme
budgeting categories (PBCs) of care have been available for each PCT in the NHS in England. These
programme biadgeting data seek to allocate, to broad areas of illness according to the primary diagnosis
(using JC510 codes) all items of NHS expenditure, including expenditure on inpatient care, outpatient
care, commanity care, primary care and pharmaceuticals and devices.

Fox the purposes of this study, the merit of these data is that they open up the possibility of examining
the relationship between differences in local spending and associated disease-specific mortality outcomes
routinely available from the National Centre for Health Outcomes Development. In each programme,
the elasticity of outcome with respect to changes in expenditure was estimated controlling for differences
between PCT's in need. Changes in mortality were then transformed into life-years gained using
assumptions regarding life expectancy without the change in expenditure. This provides estimates of the
marginal cost per life-year gained on average across the NHS by PBC.

This work focused largely on spending and outcomes in two of the largest programmes: circulatory
disease and cancer,|63] but has also informed the link across other programme categories.|[61, 64]



Estimates of the cost per life year gained for 2006/07 were £15,387 for cancet, £9,974 for circulation
problems, /5,425 for respiratory problems, £21,538 for gastro-intestinal problems and /26,428 for
diabetes. These estimates were based on a straightforward, though carefully constructed, theoretical
model of health production which informs the specification and estimation of a set of equations. These
dealt with the challenge of there being alternative plausible directions of causation - for example, between
expenditure and health outcomes within a programme. This problem of endogeneity was addressed by
identifying and testing suitable instrumental variables. In doing so, they accounted for variation in the
clinical needs of the local population relevant to each programme together with broader local
environmental factors relevant to the costs of care and outcomes.

This earlier work provides a strong foundation for the current study through its consideration of the
average marginal elasticity of outcome with respect to programme expenditure. However, to estimate the
threshold suitable for NICE decision making, a number of further elements of research are necessary, aind
these are described below.

2.4.2  Further econometric analysis

This further econometric research is covered in Chapter 3, with full details in Appendix B> The earlier
work estimated the cost per life-year gained for the major programme areas. The NICE threshold needs
to relate to the whole NHS and will, therefore, depend on all the programmes or.cate where
disinvestment takes place. Given that each programme of care has been estifnated separately, it is not
clear how expenditure on particular programmes changes with the ovetall budget. For example, does
disinvestment tend to fall on respiratory care or diabetes following 4 budget impact from NICE guidance?
Therefore, the current study has further developed the econometric analysis to reflect the need for PCT's
to operate within a fixed overall budget. This provides an estimzdic of the ‘budget elasticity of expenditure’
in each PBC, and facilities estimates of the impact of marginal'increases (or decreases) in overall PCT
budgets on spending in each PBC.

As well as indicating budgetary influences on programne spending these have then been linked to
changes in mortality outcomes by programme,., These changes are used to estimate years of life lost taking
account of the fact that some of the observed deaths would have occurred anyway (had the same
population not been at risk in the particular PBC); that is, taking account of unobserved counterfactual
deaths. This takes into account how such budgetary changes (such as those imposed by NICE guidance)
translate through local decisions into changes in expenditure on programmes of care and then to health
outcomes.

Changes in budgets are in practice incremental rather than marginal, and it may be the case that the
outcome elasticities of programine‘expenditure in times of budgetary increase (when new initiatives are
introduced) are not thesame as in times of budgetary decrease (when the focus is on disinvestment). The
possible effects of non-marginal changes have, therefore, been explored. The project has also sought to
explore how both expenditure and outcome elasticities, and hence the threshold, vary over time, and this
has been assessed by generating relevant estimates for three sets of data.

A development from eatlier work has been to relate expenditure in period # to mortality in periods # #+7
and /2. Whilst the data used are largely cross-sectional, mortality data are linked so as to follow
expenditures. Given the inevitable uncertainty relating to assumptions in the analysis, extensive sensitivity
analysis is undertaken to consider the implications for the estimates.

2.4.3 Moving from life-years to quality-adjusted life-years gained

A key element of the research has been to take the results of the econometric work linking NHS spending
and mortality, and to translate this into effects on life years and quality adjusted life years (QALYs). The
methods planned for the study included a consideration of local data, collected routinely by PCT's, on the
types of interventions in which local decision-makers were investing and disinvesting. The aim was to
inform the link between the effects of expenditure changes on mortality and impacts on broader health in

9



terms of QALYs. These data may have indicated the types of interventions and services, within a given
PBC, on which investment and disinvestment were taking place. Using targeted literature reviews,
estimates of QoL for those activities may have been identified. However, it was established that there
were limited data available at a local level to facilitate this type of analysis, so other data sources were used

for this purpose (see Addendum C2).

It has, therefore, been necessary to consider alternative data and approaches. This is tackled using three
sequential steps:

i, Translate the estimated effects on mortality from the econometrics work into life years by
exploring the limitations of the mortality data available at PCT level and the published years of
life lost (YLL) figures used in the econometric analysis, and by considering how to improve the
estimates using additional data and analysis.

i.  Consider how estimates of life year effects can be adjusted for the quality of life in which theyare
lived, taking account of the gender and the age at which life years are gained or lost as sweclias the
quality of life implications of particular diseases.

iii.  Explore ways to take account of those effects on health not directly associated with mortality and
life year affects (i.e., the ‘pure’ quality of life effects) to estimate an overall costper QALY
threshold.

This aspect of the analysis is described in Chapter 4 with further details provided in Appendix C.

The central or ‘best’ estimate is based on two assumptions relating te the heaith effects associated with
expenditure, one conservative and the other more optimistic. The fitst assumption is that the health
effects of changes in one year of expenditure are restricted to one year. This is implicit in the estimates of
outcome elasticities estimated in the econometric analysis. [This is Iikely to underestimate effects on
mortality since expenditure that reduces mortality risk foraniindividual in one year may well also reduce
their risk over subsequent years, and expenditure may also prevent disease in future patient populations.
Therefore, total health effects will be underestimated and the cost per life year or QALY threshold will be
overestimated. Although undoubtedly conservative, it may be offset to some extent by the more
optimistic assumption. It is assumed that any’death averted by expenditure in one year will return the
individual to the mortality risk of the general population, i.e., the years of life gained associated with each
death averted are based on what would‘have been their life expectancy taking account of their of age and
gender (using life tables for the general population).

The extreme upper and lower bounds tor cost per life year and cost per QALY thresholds are based on
making both of these assumptions either optimistic (providing the lower bound for the threshold) or
conservative (an upper bound for the threshold). The lower bound is based on assuming that health
effects are not restricted to one year but apply to the remaining disease duration for the population at risk
during the expenditure year. The upper bound is based on the combination of assuming that health
effects are restrictedt0/ bne year and that any death averted is only averted for the minimum duration
consistent with(the mortality data used to estimate the outcome. It is very important to note that the
lower and upper bounds are very much extreme values with limited plausibility.

2.5 Conclusions

A-costeffectiveness threshold is needed to inform decisions by NICE, the NHS more generally or the
Department of Health which reflects the fact that opportunity costs fall on services and population health
at a’local level. Given thatitis (and will continue to be) unfeasible to know precisely which services are
displaced across all localities within the NHS, the threshold should reflect the average implications on
health of actual local decisions about marginal changes in local service caused by changes in expenditure.
The absence of an empirical estimate of the threshold which reflects these principles lies behind the
project. Using data routinely collected in the NHS or available data that could be routinely updated, the
study is organised into two major parts. The first updates earlier analysis to estimate the relationship
between NHS expenditure and mortality, and the second seeks to translate these mortality effects into the
more general measure of health - the QALY.
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Chapter 3: The link between NHS spending, mortality and the cost of a life
year

31 Introduction

This section presents an overview of the econometric work undertaken to estimate the link between NHS
spending and mortality and how this is used to calculate the cost of a life year. As well as providing the
analytical foundations for estimates of cost per QALY threshold presented in Chapter 4 and 5 this work
also contributes to the on-going debate about the extent to which additional health care expenditure
yields improved patient health outcomes.

The work presented in this report takes advantage of the availability of two new datasets to examine toe
relationship between National Health Service (NHS) expenditure and mortality rates for various.disease
categories. One dataset contains mortality rates for various disease categories at the level of
geographically defined local health authorities, Primary Care Trusts (PCTs). The other dataset presents
NHS expenditure by PCT on 23 broad programmes of care (these programmes are listedinzTable 3.1).
This dataset embraces most items of publicly funded expenditure, including inpatiesit, outpatient and
community care, and pharmaceutical prescriptions. NHS revenue derives almosg entirely from national
taxation, and access to the system is generally free to the patient. The system is organized geographically,
with responsibility for the local administration of the NHS devolved to PCTs.2-PCTs are allocated fixed
annual budgets by the Department of Health, within which they are expected to manage the health care in
the locality.

We employ a model that assumes that each PCT receives an-annual financial lump sum budget and
allocates its resources across the 23 programmes of care to maximize the health benefits associated with
that expenditure. Estimation of this model using the expenditare and mortality data facilitates two related
studies: first, a study of how changes in the NHS budget impact on expenditure in each care programme;
and second, a study of the link between expenditureina programme and the health outcomes achieved,
notably in the form of disease specific mortaliry rates.>The latter also permits the calculation of the cost
of an additional life year for individual programimes of expenditure.

The work presented here draws heayily upon on previous studies using these data[60, 62, 63, 65, 66] and
innovates in four major ways: (1) we relate expenditure in time period 7 to outcomes in petiods # #+7, and
#+2 combined?; (2) we present plausible-dutcome models for a large number of budgeting categories -
previous studies have tended to-facus on the four largest care programmes; (3) we present estimates of
the cost of a life year for the'enlarged number of programmes and, importantly, with the aid of
assumptions about the‘produciivity of programmes without a meaningful mortality-based outcome
indicator, we extend otr individual programme estimates to incorporate expenditure across all
programmes of caté; aixd (4) while the models we present appear well specified according to appropriate
statistical tests, we subject our results to a substantial sensitivity analysis.

The next section presents a brief review of the relevant literature upon which the study builds. This is
followed by a summary overview of our approach to estimating the cost per life year across the various
programmes of care and the results obtained using Programme Budgeting data provided by the
Departtiment of Health. Further details of all aspects of the modelling approach, description of the data,
the results we derive and calculation of costs per life year are set out in Appendix B. This section is
intended to be supported by the information contained within Appendix B.

2 Strictly speaking, these local health authorities are Primary Care Organisations (PCOs) but the vast majority of
these are “T'rusts’ and we retain this terminology throughout.

3 Due to data limitations the cited studies were only able to relate expenditure in period 7 to mortality in periods # #
7, and #2 combined. Such studies assumed that PCT's had reached some sort of equilibrium in the expenditure
choices they make and the outcomes they secure.
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3.2 Previous studies

One of the most fundamental yet unresolved issues in health policy is the extent to which additional
health care expenditure yields patient benefits, in the form of improved health outcomes. The work of
health technology agencies such as the English National Institute for Health and Clinical Excellence
(NICE) has greatly improved our understanding at the micro-level of the costs and benefits of individual
technologies. However, there remains a dearth of reliable evidence at the macro-level on the benefits of
increased health system expenditure.

The empirical problems of estimating the link between spending and health outcomes are manifest. If one
relies on a time series of health outcome data for an individual health system it is difficult to disentanglé
the impact of expenditure from a wide range of other temporal influences on health, such as
technological advances, epidemiological changes, and vatiations in broader economic circumstances.
Similar methodological difficulties arise if one attempts a cross-sectional compatison of differerir‘health
systems. In particular, when seeking to draw inferences from international comparisons, resezr¢hiers
might have failed to adjust for all the potential external influences on health outcomes and this-might
account in part for their findings. For example, in an early cross-sectional study of 18 develaped
countries, Cochrane et al.[67] use regression analysis to examine the statistical relatioaship between
mortality rates on the one hand and per capita GNP and per capita consumptionof inputs such as health
care provision on the other. They found that the indicators of health care provisioriwere generally not
associated with outcomes in the form of mortality rates. Thereafter, the fziture o identify strong and
consistent relationships between health care expenditure and health outcomes (after controlling for other
factors) has become a consistent theme in the literature, whilst, in comtrast; socioeconomic factors are
often found to be good determinants of health outcomes.[68-70]

There is furthermore the possibility that indicators of healthsystem inputs, such as expenditure, are
endogenous, in the sense that they have to some extentbeen influenced by the levels of health outcome
achieved. And the difficulty of satisfactorily estimatifig)the impact of health system inputs on outcomes is
compounded by the great heterogeneity of health care; the multiple influences on outcomes, and the
rather general nature of the outcome mortality'measure traditionally used. Consequently, the failure to
detect a significant positive relationship betwectt expenditure and health outcome might reflect the
difficulties associated with any such study rather’than the absence of such a relationship. For example,
Gravelle and Backhouse[71] examine some of the methodological difficulties associated with empirical
investigation of the determinants of 'mortality rates. These include simultaneous equation bias and the
associated endogeneity problem (that the level of health care input might reflect the level of health
outcome achieved in the past),and that a lag may occur between expenditure and outcomes (studies
typically assume that expenditure has an immediate effect on mortality).

To avoid the difficultics imposed by data heterogeneity inherent in international analyses, the study by
Cremieux et al.[72](csamines the relationship between expenditure and outcomes across ten Canadian
provinces over the fifteen-year period 1978-1992. They find that lower healthcare spending is associated
with a significantincrease in infant mortality and a decrease in life expectancy. Although challenging the
received empitical wisdom, one difficulty with the Cremieux et al.[72] study is that the estimated
regression eduation consists of a mixture of potentially endogenous variables (such as the number of
physicians, health spending, alcohol and tobacco consumption, expenditure on meat and fat) and
exogenous variables (such as income and population density). The authors’ chosen estimation technique
(GLS) does not allow for this endogeneity and consequently the coefficients on the endogenous variables
tnay be biased.[71] Similatly, Nixon and Ulmann’s[73] study, which uses three health outcome measures
and various explanatory variables (such as per capita health expenditure) for 15 EU countries over the
period 1980-1995, does not allow for the possibility that some of the explanatory variables may be
endogenous.

More recently, studies have started to address the endogeneity issue.[74, 75] Bokhari, Gai and
Gottret[74] estimate a cross-section model for 127 countries using data for 2000. They employ two
health outcome indicators (the under-five mortality rate and the maternal mortality rate). Bokhari et al.
allow for the endogeneity of health expenditure via the use of instrumental variable techniques, and they
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estimate the elasticity of these indicators with respect to total government health expenditure conditional
on the level of education and basic infrastructure (such as road transport and sanitation). They find that
health expenditure has a statistically significant negative impact on both under-five mortality and maternal
mortality. The authors do note, however, that their focus on child and maternal mortality implicitly
assumes that these outcome indicators are in some way representative of outcomes across all activities
tinanced by government health care expenditure. Data permitting, it would be preferable to relate health
care expenditure on those aged under five years to under-five mortality, and expenditure on maternal care
to maternal mortality.

In this study we relate expenditure in a specific disease area to mortality associated with those diseases.
We also address the endogeneity issue through the use of instrumental variables and, unlike previous
studies; we examine the sensitivity of our results to questions of instrument validity. Moreover, althougt:
previous empirical work has been loosely based on the notion of a health production function, it has
rarely been informed by an explicit theoretical model. This is understandable, as the processes giving rise
to the observed health outcome are likely to be very complex, and any theoretical model mighit become
rather unwieldy. However, this absence of a theoretical model has sometimes led to an‘atheoretical
search for measures of health inputs demonstrating a statistically ‘significant’ association with health
outcomes. In contrast, in this study we inform our empirical modelling with a theoretical {ramework. We
believe that this may lead to a more convincing and better specified model of hesith cutcomes than that
used in many previous studies, and this model is outlined in the next section.

3.3 Modelling framework

In the literature on the relationship between health expenditure and health outcomes, the statistical model
estimated often contains a mixture of exogenous variables (such as income and population density) and
endogenous variables (such as health spending, the numbet ‘of'doctors, and spending on cigarettes and
alcohol). In such circumstances, the application of ordiriary least squares will lead to biased coefficients
on the endogenous variables. To avoid this problers, Gravelle and Backhouse [71] recommend that
analysts model, even if only informally, the decision making process which generates the observed data
set.

To avoid the problem of simultaneous equation pias we have constructed a very basic model of the
budgeting and outcomes data generation processes. In places, the model makes some heroic assumptions
(which we hope to relax in future work) but the framework reveals some of the more salient features of
the data generation processes.

We assume — quite realisticaily = thiat each PCT, 7 receives an annual financial lump sum allocation, y;,
from the Department of Health/and that total within year expenditure for each PCT cannot exceed this
amount. We also assume = less realistically — that this lump sum is allocated across the | programmes of
care (J=23) by a singie <lecision maker (although we know that in practice the programme budget data will
in part reflect the myriad of individual clinical decisions that health care professionals take every day and
that these are decisions over which PCT's exercise little control).

We assutie that each PCT adheres to a social welfare function, W (.), that incorporates the health
outcome (1) across all 23 programmes of care so that for each PCT

W:W(hl,hz,...,hj) Equation 3.1

Health outcomes might be measured in a variety of ways, but the most obvious is to consider some
measure of improvement in life expectancy, possibly adjusted for quality of life, in the form of a quality
adjusted life year.

We assume that, for each PCT and for each programme of care, there is a ‘health production function’
that indicates the link between local spending on programme j (X;) and health outcomes in the same

programme (h i )- Two such production functions are illustrated in Figure 3.1. We assume that increased
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expenditure yields improvements in health outcomes, as expressed, for example, in local mortality rates,
but at a diminishing rate. Clearly the shape of the curve might depend on the health needs of the local
population (such as epidemiological conditions) and other local circumstances, such as socio-economic
conditions and local service input prices. Note that in Figure 3.1 the cost of securing a given level of
health outcome is — for whatever reason — higher in PCT, than PCT,.

Figure 3.1: The health production function for programme j in two PCT's

X

In algebraic form, each PCT secks to maximise total welfare across all . progtammes of care (J=23)
subject to the health production function for each programme of care-of the form

hj = fj(xj,nj'zj) Equation 3.2

where N; is the need for health care in programme j;-X;is PCT expenditure on programme j, and Z;

represents environmental variables affecting the production of health outcomes in programme j (which
might include private (non-PCT) health care expenditure in the disease area). Each PCT’s problem is to
select an expenditure level for each programme (¥7), so as to maximise the utility function in equation
(3.1) subject to the health production functions tnh Equation 3.2 and the budget constraint that total
expenditure on all programmes shouldnot.exceed PCT income (y).

Algebraically, the budget constraint is:
X+ X+t Xpq Sy Equation 3.3
Solving this maximisaron problem yields the result that the optimal level of PCT expenditure in each

category, x}‘, is a funiction of the need for health cate in each category (nq, n,, ..., Ny3),, environmental

variables affeciing the production of health outcomes in each categoty (24, 2, ..., Z23), and PCT income
(y). Thus:

X=X (N, Ny Ny 2,250,255, Y)

Xy =X, (N, Ny e Ny s 24,25y 20, Y) Equation 3.4

Xog = X3 (Nu Ny i35, 2,25, 255, Y)

These results imply that each PCT will allocate expenditure across the 23 programmes of care so that the
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marginal utility of the last pound spent in each programme of care is the same. Of course, this does not
mean that each programme receives the same amount of cash; financial allocations will depend on both
the relationship between utility and outcomes, and on the relationship between outcomes and expenditure
for each programme of care. If we assume that one extra unit of health outcome improves managerial
utility by the same amount irrespective of the programme of care, then the decision maker simply
allocates expenditure across all programmes to maximise total health outcomes. This is achieved by
ensuring that the marginal health outcome benefit (measured perhaps in QALYs5) is the same for the last
pound spent across all programmes of care.

Thus, for each programme of care, there exists an expenditure equation (equation 3.4) explaining the
expenditure choice of PCT's and a health outcome equation (equation 3.2) which models the associated
health outcomes achieved. As presented, our basic model is static in the sense that the health production
function (equation 3.2) assumes that all health benefits occur contemporaneously with expenditure. We
acknowledge that for some programmes of care benefits might occur one or more years after expenditure
has occurred. This is particularly likely to be the case for those programmes aimed at encousaging healthy
lifestyles, where some benefits may occur decades after the actual programme expendittre: Forother
programmes, such as maternity/reproductive conditions and neonate conditions, benefits tay be largely
contemporaneous with expenditure. However, while our data are largely cross-sectional iri nature, we are
able to link mortality data in such a way that this follows expenditures. Accordingly, for our empirical
modelling we estimate models using expenditure for period #with mortality data foi“periods £ #+7, and
t+2 combined. Appendix B presents a number of sensitivity checks on these assumptions including
models where mortality data precedes expenditure data* and shows that these results are fairly consistent
with the results presented here.

34 Data
3.41 Programme budgeting in England

Prior to October 2006, there were 303 PCT's in England with an average population of about 160,000
people. In October 2006 the 303 PCT's became 152 PCTs. Some PCT boundaries remained unchanged
while other PCT's were merged with one orariore neighbours to form a new, larger, PCT. In a few cases
the geographic area covered by an existing PCT was split between two or more new PCTs. These 152
PCTs have an average population of about 330,000 people. PCT's are allocated fixed annual budgets
within which they are expected to meet expenditure on most aspects of health care, including inpatient,

outpatient and community care, pritnary care and pharmaceutical prescriptions.
> 7

Programme budgeting data collection was initiated by the Department of Health in April 2003 when each
PCT was required to prepate expetiditure data disaggregated according to 23 programmes of health care.
These programmes are defined by reference to the International Classification of Diseases (ICD) Version
10 codes at the fourdigit lével, and most programme budget categories reflect ICD 10 chapter headings
(e.g., cancer and tuniouts, circulation problems, renal problems, neonates, problems associated with the
skin, problems assogiated with vision, problems associated with hearing, etc). In some cases, the 23
categories aré broken down into further sub-areas to achieve a closer match with the various National
Service Frameworks (NSFs): for example, the large mental health category is broken down into ‘substance
abuse’; ‘deaiéntia’, and ‘other’.

Pragramime budgeting secks to allocate all types of PCT expenditure to the vatious programme budget
categoiies, including secondary care, community care and prescribing. However, the system acknowledges
that'a medical model of care may not always be appropriate, and two specific non-clinical groups --
Healthy Individuals’and Social Care Needs’-- have been created. These are intended to capture the
costs of disease prevention programmes and the costs of services that support individuals with social

4 Due to data availability constraints previous studies had to relate expenditure in period t to mortality data in
periods t, t-1, and t-2 combined. Implicitly this assumes that data represent a quasi long-run equilibrium position,
and that relative expenditure levels and health outcomes within each PCT have been reasonably stable over a period
of time.
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rather than health care needs. In addition, in some cases it is not possible to assign activity by medical
condition, preventative activity, or social care need and, in these cases, expenditure is assigned to a
residual category (PBC 23) entitled ‘Othet’. The most important element of this residual programme is
expenditure on general practitioner services (PBC 23a). In principle, it should be possible to allocate each
GP consultation to a particular care programme. However, at the moment the available data information
systems do not permit such an allocation and so all primary care expenditure is allocated to this residual
programme. The use of this residual category ensures that all expenditure is assigned to a programme of
care.[76]

The aim of the programme budget classifications is to identify the entire volume of health care resources
assigned to broad areas of illness according to the primary diagnosis associated with an intervention. It
serves a number of purposes, most notably to assist in the local planning of health care. But for this
study its crucial merit is that it opens up the possibility of examining the statistical relationship between
local programme spending and the associated disease-specific outcome. Various forms of data collection
and analysis are required to map PCT expenditure on acute, community and other services to the 23
programme budget categories. From the PCT perspective, however, the construction of gach PCT’s
return largely involves collating information provided by other bodies and drawing on otherinformation
already in the PCT’s own annual accounts. Details of how expenditure is assigned to programmes of care

can be found in Section B4.2 of Appendix B.

Table 3.1 shows the expenditure per head and the growth in this expenditure foc each programme budget
category for 2003/04 to 2008/09.5  Year on year compatisons of expenditure in each group are
complicated by the fact that the algorithms used to allocate activity te£i5Cs are regularly revised.6
However, by 2008/9 total PCT expenditure per person had increased to £1,531 (up 28% from 2004/5).
The residual ‘other’ category (programme budget category 23) stiilaccounted for the largest share of
expenditure (14.9%) with per capita expenditure of almost £223; of which /145 was accounted for by
primary care expenditure. Mental health (budget category 5) accounted for just over 12% of expenditure,
but the expenditure share recorded by circulation problems (budget category 10) had fallen from 10.2%
to 8.5%. Other categories recording a fall in budgét shiare of more than one half of one percentage point
included: the gastro-intestinal system (down from 6.1% to 5.1%), the musculo-skeletal system (down
from 6.0% to 5.2%), trauma and injuries (downirom 6.0% to 4.2%), and maternity (down from 4.6% to
3.9%). Categories recording an increase in budget'share of more than one half of one percentage point

included neurological problems (up from2.9% to 4.4%) and dental problems (up from 1.1% to 4.1%).

Some of these changes will partly reflect’revisions to the algorithms used to allocate expenditure to
patticular PBCs. For example in 2006/7 expenditure per person on musculo-skeletal problems fell by
11% and expenditure on ttavina and injuries fell by 25%. In the same year, expenditure on neurological
problems increased by 35%. This suggests that some types of activity, which were previously allocated to
musculo-skeletal problems.and/or trauma and injuries, were re-allocated to neurological problems.

Similatly, up to 2nd tacluding 2006/7 expenditure that was not directly attributable to a particular
programme categoty was apportioned using admitted patient care percentages.” In other words, if x% of
total admitted patient care expenditure was allocated to PBC 1, then x% of all expenditure that was not
directly ¢etributable to a particular programme category was also allocated to PBC 1. With effect from
2007/8, however, NHS organisations were asked to select an appropriate basis for the apportionment of
thi¢ riofn-programme specific expenditure and that, where no reasonable basis existed, such expenditure
was to be allocated to the ‘Other — Miscellaneous’ (PBC 23X) category. These two changes to the
algorithm used to allocate expenditure to particular PBCs illustrate that year-on-year comparisons of
expenditure need to be interpreted with care.

> Comparable data for each programme budget sub-category is shown in Table BA.1 in Appendix B.

¢ These revisions are documented in Appendix B, Section B4.3.

"Expenditure on, for example, community care, A&E, ambulance services, and outpatients can be difficult to
attribute a particular PBC. Critical care, rehabilitation, and specialised commissioning across care settings will also
be difficult to attribute to a particular programme.
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Expenditure per head on any given programme varies from one PCT to another and Table 3.2 presents
some statistics that indicate the degree of variation in expenditure levels across PCT's by programme
budget category. The first four columns of Table 3.2 present descriptive statistics for PCT expenditure
per person. These reveal that, for example, PCT per capita expenditure in the cancer programme
averaged £96.30 across all PCTs, with the minimum spend being £62.90 and the maximum being
£155.70.

Some PCTs will be spending more than other PCTs simply because they face higher input costs. The
second set of four columns in Table 3.2 present descriptive statistics for PCT per capita expenditure that
has been adjusted for the unavoidable geographical vatiation in costs (input prices) faced by PCTs.8
However, if anything this adjustment appears to increase the variation in expenditure across PCTss; for
example, the range of per capita expenditure on cancer increases from between £62.90 and £155.70
(unadjusted) to between £59.10 and £163.10 (adjusted for local health care input prices).

Another cause of the variation in expenditure levels is the fact that the need for health care vaties from
one PCT to another. For example, areas with a relatively large proportion of elderly residents; ot PCT's
operating in relatively deprived locations, can be expected to experience trelatively highlevels'of spending.
The Department of Health has a well-developed methodology for estimating the relative health care
needs, which it uses as the basis for allocating health care funds to.[77]

The final set of four columns in Table 3.2 present descriptive statistics for PCT per capita expenditure
that has been adjusted for both the unavoidable geographical variation'in 'costs and the local need for
health care faced by PCTs.® For virtually every PBC, this adjustmentseduces the variation in expenditure
across PCTs; for example, the standard deviation of PCT per capita expenditure falls from £19.70 to
£15.30 for the cancer programme. Although this adjustment reduces the variation in expenditure levels
across PCTs, this decline is quite modest and there are still $uipstantial differences in expenditure even
after allowing for differences in local cost and need. Foi examiple, expenditure per head in the circulation
problems category varies between £78 and £328 usiiig cost adjusted expenditure data, but falls between
£76 and £327 using cost and need adjusted populatior data.

The variation in expenditure across PCT's has Jéd some commentators to question the reliability of the
programme budgeting data. The National Audit”Office[78] undertook a survey of Trusts, PCT's and
SHAs to assess the quality of the data. They concluded that while the processes for collecting the
budgeting data were well defined in most areas, there remained scope for improvements to the robustness
of some of the data (e.g. non-admitted patient care). Appleby et al.[79] also considered the issue of data
reliability in variations in spending on cancer services and noted some large year-on-year changes.
However, the authors pointout that it is difficult to define what might be either an implausible level of
expenditure or an implausibly}atge change in expenditure. This is complicated by the fact that the
Department of Health/tnakes regular improvements to the way in which activity is matched to
programme categorics.

As with most datassts, there are likely to be recording and other errors associated with the programme
budgeting data. However, while we note that the allocation of programme budgeting data might not be
perfect there 1s no systematic evidence of this. Accordingly, for each disease category, we observe that
PCT expenditure per person varies considerably and this variation — holding constant input prices and the
necd/for health care — offers the opportunity to examine whether PCT's that spend more on health care
achieve a better outcome and, if so, at what cost. Empirical estimates of the strength of this relationship
forseveral programmes of care are presented in this report.

8 This cost adjustment reflects the fact that health economy input prices vary considerably across the country and,
for some inputs, are up to 40% higher in London and the south east of England than elsewhere. We have used a
weighted average of the three Market Forces Factor Indices (MFFs) for HCHS, for prescribing, and for GMS/PMS
to adjust the raw expenditure figures in Table 2 for local input prices (see Department of Health, 2009)
9 This needs adjustment incorporates the AREA resource allocation formula for HCHS (see Department of Health,
2005).
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3.4.2 Health outcome data

Most studies of the relationship between expenditure and outcome have used some measure of mortality
as an indicator of the latter. We also employ mortality as an outcome measure. First, it is a relevant (albeit
not comprehensive) measure of the outcome of health care expenditure; and second, it is available for
more disease areas than any other outcome measure at PCT level.

Although mortality is available (by PCT) for several disease areas, it is not available for just over one-half
of all programmes not least because it is simply not relevant for these programmes (e.g., for learning
disabilities, vision problems, hearing problems, dental problems, and skin problems). Moreover, even
where a mortality measure is available, the ICD10 coverage of the mortality data often falls short of the
coverage of the expenditure data. For some programmes, therefore, we have combined the published
mortality rates for two or more disease areas in an attempt to match the ICD10 coverage of the mortzlity
data with that of the expenditure data.

Table B5.1 (Appendix B) shows how we have attempted to marry the mortality data (column ¢)-and the
expenditure data (column a). ICD10 coverage of the component mortality rates for some PBCs falls
short of the expenditure data and the extent of this shortfall is illustrated by the ratigreported in the final
column of Table 3.3. For example, the cancers and tumours programme covers att-expenditure associated
with ICD10 codes C00-C97 and D00-D49 but the PCT-based mortality data otuy“telates to ICD10 codes
CO00-C97. At the national (all England) level, figures are available which show that, in 2008, there were
62,072 deaths of those aged under 75 years from codes C00-C97 and that thete were 63,076 deaths from
codes C00-C97 and D0O0-D49 combined. In other words, the PCTdevel rnortality data reflects 98.4% of
all deaths associated with the expenditure codes. We adjust our cost of life (year) estimates for this
mismatch.
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Table 3.1: National (all PCT) expenditure per head (£) and growth in expenditure (%) by PBC group, 2003/4 - 2008/9

Spend Spend Spend Spend Spend Spend
(£) per (Lyper (£)per (Lyper (Lyper (£)per Growth Growth Growth
PBC # PBC description head head head head head head (%) (%) (%)
2003/4 2004/5 2005/6 2006/7 2007/8 2008/9 2004/5 2005/6 2006,/7
1 Infectious diseases 17.95 20.22 23.61 20.88 22.08 23.46 13 17 <12
2 Cancers and tumours 64.95 75.54 83.24 81.67 90.21 94.55 16 10 -2
3 Blood disorders 14.08 17.00 17.48 16.58 19.44 19.50 21 3 -5
4 Endocrine, nuttitional 28.96 31.86 37.26 36.70 39.39 43.38 10 17 -1
5 Mental health 133.31 146.83 158.95 166.53 180.90 191.21 10 8 5
6 Learning disability 37.93 43.37 46.54 48.36 54.20 56.11 14 7 4
7 Neurological 29.83 35.09 41.06 55.27 62.43 67.64 18 17 35
8  Vision problems 24.61 27.65 28.24 26.97 30.69 32.95 12 2 -4
9 Hearing problems 5.73 6.32 6.27 6.21 8.07 8.18 10 -1 -1
10 Circulatory disease 110.12 122.37 124.28 122.06 124.77 129.04 11 2 -2
11 Respiratory system 54.60 62.71 69.56 65.07 67.68 7197 15 11 -6
12 Dental problems 10.78 13.55 24.91 51.93 59.45 62.44 26 84 108
13 Gastro intestinal system 63.56 73.22 81.30 73.30 75.05 77.89 15 11 -10
14 Skin problems 20.98 24.90 26.84 28.31 SOAT 32.34 19 8 5
15 Musculo Skeletal system 61.36 71.72 74.74 66.75 75.93 79.68 17 4 -1
16 Trauma and Injuries 62.31 7213 76.41 57.2% 57.56 63.54 16 6 -25
17 Genito Urinary system 55.32 62.38 67.38 68:98 67.83 73.78 13 8 2
18  Maternity 52.28 55.04 60.42 37.64 57.09 60.44 5 10 -5
19 Neonate conditions 11.72 13.93 13.42. 1347 15.15 17.23 19 -4 -2
20  Poisoning 9.68 12.32 14.25 14.59 15.84 18.31 27 16 2
21 Healthy individuals 20.29 22.77 26,18 26.85 31.44 35.74 12 15 3
22 Social care needs 24.81 30.93 33.5 30.29 35.29 36.58 25 9 -10
23 Other (includes GMS/PMS) 136.94 157.75 171.82 209.70 232.02 227.711 15 9 22
1t023  AllPBCs 1052.12 1199:60 1307.76 1345.10 1452.91 1530.59 14 9 3

Share of  Share of
total total
Crowth Growth spend spend
%) ) ) )
£ .2007/8 2008/9 2004/5 2008/9
6 6 1.7% 1.5%
10 5 6.3% 6.2%
17 0 1.4% 1.3%
7 10 2.7% 2.8%
9 6 12.2% 12.5%
12 4 3.6% 3.7%
13 8 2.9% 4.4%
14 7 2.3% 2.2%
30 1 0.5% 0.5%
2 4 10.2% 8.5%
4 15 5.2% 5.1%
14 5 1.1% 4.1%
2 4 6.1% 5.1%
7 6 2.1% 2.1%
14 5 6.0% 5.2%
0 10 6.0% 4.2%
-2 9 5.2% 4.8%
-1 6 4.6% 3.9%
15 14 1.2% 1.1%
9 16 1.0% 1.2%
17 14 1.9% 2.3%
17 4 2.6% 2.4%
11 -2 13.2% 14.9%
8 5

Notes: (i) The population figutes for 2003/4, 2004/5 and(2005/6 are identical (the total for England is 49,175,998).
(ii) The cortresponding figure for 2006/7 is 50,476,231, f6+2007/8 it is 50,695,989, and for 2008/9 it is 51,220,531.

(iii) The spend per head figures are calculated by sirnminig expenditure across all PCT's and dividing by the national population.

(iv) All figures are at current prices.
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Table 3.2: PCT expenditure per head by PBC, 2008/9: (a) unadjusted; (b) adjusted for local costs; and (c) adjusted for local costs and local need

Spend per head (unadjusted), £

Spend per head (cost adjusted), £

Spend pei-head (cost and need adjusted), £

Programme budget category Mean StdDev  Min Max Mean StdDev  Min Max Mean StdDev Min Max
1 Infectious diseases 26.5 24.6 8.6 151.8 25.7 21.7 8.6 136.7 250 214 9.5 139.5
2 Cancers and tumours 96.3 16.9 62.9 155.7 96.7 19.7 59.1 163.1 94.2 15.3 55.2 154.0
3 Blood disorders 20.3 7.0 7.7 49.4 20.2 6.5 8.0 49.1 19.7 6.0 8.2 44.2
4 Endocrine, nutritional 44.6 8.8 28.9 74.8 44.7 9.5 274 77.0 43.3 6.1 29.9 61.5
5 Mental health 201.4 60.0 118.9 474.1 200.3 54.0 122.8 4228 194.0 419 132.3 362.0
6 Learning disability 56.8 18.8 7.7 125.9 57.0 19.4 6.8 123.6 55.7 18.8 6.7 136.6
7 Neurological 685 13.8 411 133.8 68.8 15.6 38.4 137.5 66.9 12.1 415 125.2
8  Vision problems 332 6.7 16.7 57.7 334 7.5 14:8 59.2 325 6.1 15.6 483
9 Hearing problems 8.6 3.7 0.9 24.0 8.7 3.9 0.9 255 8.3 33 0.8 22.0
10 Citculatory disease 131.6 26.7 88.0 317.3 132.2 30.5 782 327.6 128.5 244 75.7 326.9
11 Respiratory system 80.5 17.4 48.0 141.2 80.9 9.8 42.7 145.3 78.1 12.4 48.2 126.0
12 Dental problems 64.8 13.4 28.0 111.9 64.9 4.1 24.9 115.8 63.0 10.7 28.1 97.1
13 Gastro intestinal system 80.0 14.5 46.7 119.6 80.4 16.8 415 124.6 78.0 11.3 41.6 114.4
14 Skin problems 33.1 8.0 18.1 66.4 333 8.6 16.5 69.1 322 6.3 16.0 57.7
15  Musculo Skeletal system 79.9 17.6 433 127.3 80.4 19.9 39.6 1325 782 16.6 41.0 116.4
16 Trauma and Injuries 632 16.7 12.5 139.3 634 17.4 11.5 125.0 61.8 15.6 10.4 103.6
17 Genito Urinary system 75.7 13.7 49.9 112.3 75.6 13.6 48.4 108.9 73.7 10.1 50.6 105.5
18  Maternity 63.3 16.7 24.6 124.4 63.1 15.8 21.9 117.9 61.4 12.8 24.4 96.5
19 Neonate conditions 18.4 7.3 6.4 464 18.2 6.8 6.6 43.7 17.8 6.6 5.8 47.8
20  Poisoning 18.6 4.2 10.8 31.2 18.7 4.7 9.6 323 18.2 3.9 10.1 33.1
21  Healthy individuals 384 18.1 9.7 125.0 384 17.8 8.9 115.6 36.7 14.5 9.4 104.5
22 Social care needs 40.8 56.6 0.1 4152 41.2 59.2 0.1 4329 39.7 55.0 0.0 411.5
23 Other (includes GMS/PMS) 230.8 44.5 1382 396.1 230.2 424 140.7 356.5 226.8 45.8 134.1 346.0
All  All PBCs 1,575.6 196.7 1,225.7 2,079.9 1,576.3 217.3 1,183.0  2,173.1 1,534.0 86.2 1,390.1 1,987.0

Note: the above statistics relate to 152 PCT's and the meat: expe%diture figures will differ slightly from the national ones in Table 3.1 because the statistics across PCT's are not
weighted for the size of each PCT’s population.
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We acknowledge that mortality is a more relevant outcome indicator for some programmes (e.g., for
circulatory problems) than for others (e.g., for epilepsy) and, for this reason, we would expect better results
in some programmes than others. We also acknowledge that this focus on mortality ignores the impact of
expenditure aimed at chronic care and at palliative care. Nevertheless, our focus on mortality is purely
practical: it is both a widely available measure and it is cleatly a relevant outcome indicator.!

The mortality data provide us with a number of possible outcome indicators including the under 75 years of
age standardised mortality rate (SMR) and the (under 75 years) standardised years of life lost rate (SYLLR).
The SMR gives equal weight to all deaths irrespective of the age at which they occur but the SYLLR gives
greater weight to deaths that occur at earlier ages. For our purposes we focus on a measure of the
avoidable years of life lost (YLL).!"" This is calculated by summing over ages 1 to 74 years the number of
deaths at each age multiplied by the number of years of life remaining up to age 75 years. The crude YLL
rate is simply the number of years of life lost divided by the resident population aged under 75 years. Like
conventional mortality rates, the crude YLL rate can be age standardised to eliminate the effects of
differences in population age structures between areas, and this (age) standardised YLL rate 1sthe health
outcome variable generally employed in this study.[80]

3.4.3 Other variables

We employ an instrumental variables (IV) estimation technique to our empirical\models of the outcome
and expenditure equations as described in the next section. This is due to/(ij own programme expenditure
is likely to be endogenous in the outcome equation and (ii) other programmeneed is likely to be
endogenous in the own programme expenditure equation. Endogeneity of programme expenditure results
from expenditure levels being responsive to levels of outcomes and/or unobserved need rendering
expenditure correlated with the residuals in an OLS regression of cutcomes on expenditure. Due to
limitations of data other programme need in the expenditure/cquation is proxied by death rates (minus that
due to the programme under investigation). This will be influenced by expenditure decisions, including
expenditure in other programmes and is treated asendogenous in the expenditure model.

IV estimation basically involves replacing the’¢éndogenous variable in the equation of interest with its
predicted value from an OLS regression whichregzesses the endogenous variable on a set of instrumental
variables. These instruments should be:gocd predictors of the endogenous variable (i.e., they should be
relevant and strong predictors) but should be appropriately excluded from the equation of interest (i.e., they
should be valid instruments).

We have a number of potentiai-inttruments available, mostly derived from 2001 Population Census. In our
eatlier studies we found that'a stnall sub-set of these instruments proved sufficient to generate plausible
results. These included: the proportion of the population providing unpaid care; the proportion of
households that are orie pensioner households; index of multiple deprivation; proportion of the population
in the white ethsic/grotip.

We also had available a further set of potential instruments and, where our more limited set of instruments
failed to generare plausible results, we extended our instrument search to include this wider set of vatiables.
This ezterided set of instruments is shown in Table 3.3.12

1% The approach adopted here is extendable in principle to other non-mortality based outcome indicators. We
illustrate such an application in Section B8.8 of Appendix B where we use EQ-5D utility scores pre- and post- an
operative procedure from the PROMs programme to generate a non-mortality-based outcome indicator, and we use
this indicator to estimate our outcome model.

11 One exception to this is the mortality rate for the trauma and injuries programme where initially only SMRs were
available.

12 Details of the construction of all instruments are shown in Table BA.2 of Appendix B.
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Our instruments reflect factors, such as socio-economic deprivation and the availability of informal care in
the community, which might indirectly impact upon mortality rates and/or health cate expenditure levels.
As we shall see, although our instruments “pass’ the appropriate statistical tests, some commentators claim
that such tests may have low power’ to detect the presence of invalid instruments. Consequently in section
B9 of Appendix B we examine how sensitive our results are to the presence of invalid instruments.

Table 3.3 reports descriptive statistics for the socio-economic and needs variables used in the study (these
statistics are for the variables in absolute form). For example, on average, lone pensioner households
comptise 14% of all households, the 'white ethnic' group accounts for 89% of the population and 10% of
the population provide unpaid care.

In addition to the instrumental variables, Table 3.3 also reports descriptive statistics for the Department ot
Health’s ‘need for health care’ index,!? its need for HIV services index, and its need for maternity'services
index. The latter two indices are used to either supplement or replace the all service measure of need when
estimating our models. The 'need for health care' index averages about 1 but varies substanuzlly, with
some PCT's having a needs index more than 25% below the national average and others facing a need for
health care more than 30% above the national average. The Table also reports descriptive statistics for
some disease prevalence rates (e.g., for diabetes and for epilepsy) and, again, these are used to either
supplement or replace the all service measure of need when estimating our models. Hinally, the MFF index
shows that input prices in the most expensive PCT are almost 20% above those in the least expensive PCT.

3.5 Approach to model estimation

The theoretical framework suggests the specification and estimation of a system of equations, with an
expenditure and health outcome equation for each of the 23-programmes of care. However, this approach
makes infeasible data demands, requiring variables to identify/expenditure, need, environmental factors and
health outcomes in each of the 23 programmes of car¢. Moreover, mortality rates are available for less than
half of the 23 programmes. Rather than estimate a’systern of equations, we proceed on a programme-by-
programme basis, estimating health outcome and ezpenditure equations for those programmes for which
mortality data are available.

In line with the theoretical framework presented above, we specify the following expenditure (eguation 3.5)
and health outcome (eguation 3.6) models for each of the 23 programmes of care. Accordingly, for the /-
programme of care we have:

X; =X +fn; +ym; +0y; +&; i=1,..,152 Equation 3.5
h; = p + on; + x; + 7, i=1,..,152 Equation 3.6

where x; is expenditate; n; is the own programme need for care; m; is the need for care in other
programmes; V; is the total budget and h; is the health gain in PCT;.

Ideally we should employ a programme specific indicator of the level of need for each care programme
(ni,-) but these are not readily available. When estimating both the outcome and expenditure models we
therefote proxy the own programme health care need using the ‘needs’ component of the Department of
Health’s resource allocation formula.’* This needs element is specifically designed to adjust PCT
allocations for local health care needs and accordingly, ceteris paribus, we would expect a positive

13 This incorporates the CARAN formula for HCHS and reflects need actoss all health care services.
14 However, we do experiment replacing and supplementing this all service measure of need with more programme
specific measures where these are available (e.g., the diabetes and epilepsy prevalence rates).
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relationship between expenditure and need for each programme of care. We would also expect a positive
relationship between need and adverse health outcomes.!>

The expenditure model includes both the own programme health care need (which is proxied using the
‘needs’ component of the Department of Health’s resource allocation formula) and the need for health care
in all other programmes. In the absence of programme-specific measures of need, we use the ‘all cause
mortality rate excluding the mortality rate in the programme of interest’, m;, as the proxy for need in other
programmes of care.

All variables have been log transformed so that parameter estimates can be interpreted as elasticities. It
other words, a regression coefficient of 0.5 implies that a 1% increase in the regressor is associated wigh a
0.5% increase in the dependent variable.

3.5.1 IV estimation

Other programme need, m;, in the expenditure equation 3.5 and expenditure, X;, in the cutcome equation
3.6 are both likely to be endogenous rendering OLS both biased and inconsistent. Endogeneity of
programme expenditure results from expenditure levels being responsive to levels-of outcomes and/or
unobserved need. Other programme need in the expenditure equation is proxied by/death rates which is
influenced by expenditure decisions and hence is treated as endogenous. Todeal with this endogeneity we
employ instrumental variables (IV) estimation and implement two-stage léast gquares (2SLS). Unlike OLS,
IV is a consistent estimator in the presence of an endogenous regressor and; although in finite samples the
IV estimator will be biased, with the bias (providing certain assumptions are met) being less than that
associated with OLS.

For the health outcome equation, IV estimation can be viewed 25 finding variables (instruments) that are
good predictors of programme expenditure but which are’appropriately excluded from the outcome
equation of interest (that is, from equation 3.6) because they are not predictive of outcome. The
assumption is that these instruments impact upon health outcome through their impact on expenditure
only, and that they do not have a direct effect’'on the outcome.’¢

Similarly, for the expenditure equation, TV ¢stimation can be viewed as finding variables (instruments) that
are good predictors of the proxy for/othet programme need (m;) but which do not belong in the
expenditure equation of interest (thatis, equation 3.5). The assumption is that these predictors impact
upon own programme expenditure only through their impact on other programme need and that they do
not have a direct effect on.own programme expenditure.

The outcome and expesiditure equations for any given programme may contain different instrumental
variables because these instruments are trying to predict different variables (own programme expenditure
and other programiri¢ mortality respectively). In addition, the instrument set for, say, the expenditure
equation may varty across programmes because the other programme need variable will reflect need in a
different basket of programmes for each expenditure equation.

'5 Whilst need is a function of mortality/morbidity in the resource allocation formula, the relationship is not
sufficiently strong enough for us to be concerned about the endogeneity of the need in any individual care
programme.

16TV estimation of say, equation 3.6, involves a first-stage regression of the endogenous expenditure variable, X, on the
instrument, Z, and the set of exogenous regtessors in equation 3.6, n. Predictions, X, from this model can then be
included in a second-stage regression of equation 3.6 as a replacement for the endogenous regressor, X.
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We have a number of potential instruments available, mostly derived from 2001 Population Census. In
previous studies, we have often found that a small sub-set (four) of these instruments often proved
sufficient to generate plausible results. However, if plausible results were not obtainable with some

combination of these four instruments, we employed an extended instrument set. Further details of the

identification of suitable instruments for each model can be found in Section B7.3 of Appendix B.

Table 3.3: Descriptive statistics for the instrumental and other variables

Description Obs Mean gti Min Max
Proportion of residents born outside the European Union 151 0.0794 0.0876 0.0088 0.3817
Proportion of population in white ethnic group 151 0.8927 0.1299 0.3942 0.9926
Proportion of population of working age (16-74) with LLT illness 151 0.1182 0.0250 0.0709 0.1798
Proportion of population providing unpaid care 151 0.0990 0.0118 0.0662 0.1221
Proportion of population providing unpaid care (<20 hrs week) 151 0.0667 0.0079 0.0461 0.0817
Proportion of population providing unpaid care (20-49 hrs week) 151 0.0113 0.0025 0.0065 0.0195
Proportion of population providing unpaid care (>50 hrs week) 151 0.0210 0.0051% 0.0093 0.0353
Proportion of population aged 16-74 with no qualifications 151 0.2960 0.0042 0.1301 0.4555
Proportion of population aged 16-74 that are full-time students 151 0.0720 06,0270 0.0425 0.1626
Proportion of households without a car 151 0.2932 0.1046 0.1325 0.5761
Proportion of owner occupied households 151 0.6692 0.1128 0.2891 0.8205
Proportion of houscholds in rented social (LA/HA) housing 151 0.2071 0.0918 0.0817 0.5356
Proportion of households in rented private housing 151 0.0924 0.0449 0.0349 0.2961
Proportion of lone pensioner households 151 0.1434 0.0184 0.0979 0.1942
Propottion of one parent houscholds 151 0.0684 0.0180 0.0401 0.1207
Proportion of population aged 16-74 that are permanenily sick 151 0.0574 0.0213 0.0242 0.1215
Proportion of population aged 16-74 are long-term ttiemployed 151 0.0113 0.0052 0.0036 0.0287
Proportion of 16-74 in employment that are in-agriciimte 151 0.0117 0.0119 0.0016 0.0668
Propottion of those aged 16-74 that are in/professional occupations 151 0.2672 0.0688 0.1470 0.4958
Index of Multiple Deprivation 2007 151 23.8098 9.1168 8.0857 48.2627
Need index (incorporates CARAN forraula) 151 1.0253 0.1334 0.7311 1.3479
MFF index for HCHS and presctibing 151 1.0021 0.0559 0.9410 1.1243
Diabetes prevalence rate 2067/8 (Ya; over 17 years) 151 5.4872 0.7982 3.22 8.51
Epilepsy prevalence rate 2007 /& (%, over 18 years) 151 0.7884 0.1489 0.41 1.09
HIV need index 151 1.1848 1.4984 0.1648 8.3332
Chronic kidney disease 2007/8 (%o, over 18 years) 151 4.1687 1.2711 1.35 8.41
Maternity necdindex 151 1.0345 0.2106 0.6845 1.8129
Raw (upadjusted) population 2007/8 151 335,735 196,501 90,142 1,264,298

Noterihese statistics are unweighted across PCTs and reflect the values for these variables as available for the

regtession analysis of PB expenditure data for 2007/8 and for 2008/9.

Soutces: Population Census 2001, Department of Health (2009), NHS Information Centre website.

The available instruments reflect factors, such as socio-economic deprivation and the availability of
informal care in the community, which might indirectly impact upon mortality rates and/or health care

expenditure levels. The set of instruments associated with each estimated equation was selected on both

technical and pragmatic grounds. From a pragmatic point of view, we require a parsimonious set of
instruments that satisfy the necessary technical criteria. These are, firstly, that they have face validity, that is,
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that they are plausible determinants of the endogenous variable being instrumented, and secondly, that the
instruments are both relevant and valid. The relevance of an instrument set refers to its ability to predict
the endogenous variable of concern, whereas validity refers to the requirement that instruments should be
uncorrelated with the error term in the equation of interest.

Should the instrument set be strong, relevant and valid, 2SLS will produce consistent estimates of the
parameters of the reduced form models. We subject the instrument sets to tests for validity using the
Sargan-Hansen test of over identifying restrictions.[81] The joint null hypothesis is that the instruments ate
valid instruments, i.e., they are uncorrelated with the error term, and that the instruments are correctly
excluded from the outcome equation of interest. A rejection of the null hypothesis casts doubt on the
validity of the instruments. We test for instrument relevance using Shea’s [82] partial R-squared measure;
this reflects the correlation between the excluded instruments and the endogenous regressor. However,
even where valid and relevant, a non-zero but small correlation between the set of instruments and the
endogenous regressors can lead to the problem of weak instruments, again rendering IV estimaigon biased.
We test for the presence of weak instruments using the procedures set out in Stock and. Yegoe(83] and the
Kleibergen-Paap LM statistic. A general test of model specification is provided through the use of
Ramsey’s[84] reset test for OLS and an adapted version of the test for instrumental variables[85].

Finally, we check that the presumed endogenous variable is in fact endogenous using the test proposed by
Durbin.[86] 1f the null hypothesis of exogeneity cannot be rejected, then we revert to using OLS. While, in
general, our instruments ‘pass’ the appropriate statistical tests, some commentators claim that such tests
may have low power’ to and hence may fail to reject the validity of the instruments when this is false in
small samples. Consequently in Section B9 of Appendix B we examine how sensitive our results are to the
relaxation of the assumption that the instruments are valid.

Further details of our approach to IV estimation are set-out in Appendix B.

3.6 Results

The work presented here builds on previous studies of the link between expenditure and health outcomes.
Martin, Rice and Smith[63] reported outceme ¢lasficities for two programmes (cancer and circulatory
disease) using expenditure data for 2004/ 5 and pooled mortality data for 2002, 2003, and 2004.17 This work
was extended in a subsequent study[60] to.include several other programme and updated expenditure data
(2005/6). Howevert, the authors strugeled to obtain sensible outcome models for some programmes of
care. Attempts to improve model estimates by considering alternating measures of the population need for
health care’® and an extended Sev-of potential instrumental variables are presented in Section B7 of
Appendix B. This work forms the basis for the set of key results from the empirical modelling of health
care expenditures and outcomeés using more contemporaneous data presented in the following sections.
Details of all results presented are set out in Appendix B.

3.6.1 2006/7 expenditure data and mortality data for 2006/2008

This section presents results that relate expenditure in 2006 to mortality in the same year and in the two
followigg vears (i.e., in 2006, 2007 and 2008). Throughout our measure of the need for health care is
derived from the Department of Health’s resource allocation model based on the CARAN needs

17 Note that the mortality data precedes expenditure in these models. This was due to data limitations at the time of
the study.

18 Initial modelling work employed the Department of Health’s resource allocation model of the need for health care
based on the AREA report (Department of Health, 2005c). Subsequent refinements and updates to this model
employed the implementation of the CARAN model (Department of Health, 2009) and the initial findings of a Person
Based Resource Allocation study (Dixon et al, 2011). The use of these alternative models for the need for health care
was explored.
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formula.[87] This represents a more up-to-date needs adjustment than the AREA based model[88] that has
been applied in previous studies[63, 66] and is directly applicable to the 152 PCTs in existence in the
2006/7 expenditure year. Expenditure data has been adjusted for differences in input prices using the
market forces factors (MEFFs for HCHS and prescribing).!” The outcome and expenditure results for the big
four programmes are shown in Table 3.4 with the relevant outcome and expenditure elasticities highlighted.

In all four outcome models expenditure has a significant negative effect on mortality and the all service
measure of need has a significant positive effect. The squared value of the measure of need is also positive
and significant in the cancer outcome equation. In the respiratory outcome model, there is an additional
indicator of need — the proportion of the population that are permanently sick — and this is both positiye
and statistically significant. The diagnostic statistics suggest that, in all four cases, own programme
expenditure is endogenous and that the instruments are valid. They also suggest that the instruments zre
relevant. There is no evidence that the instruments are weak in three of the four outcome results: The
Pesaran-Taylor test suggests that there is no evidence of model mis-specification.

However, the Kleibergen-Paap F statistic for the respiratory disease outcome model is 7.022)and this is less
than the ‘critical’ target of 10.0. This indicates that the instruments may be weak and ot good predictors
of the programme expenditure. However, if we re-estimate this model having drepped the least significant
instrument, the coefficient on own programme expenditure becomes -2.622 and is sienificant at the 1%
level. Moreover, there is now no evidence of weak instruments (the Kleibergen-Paap F statistic is 11.025)
and it is this coefficient that we use for the respiratory outcome model-in the ¢ost of a life year calculations
below.

In three of the four expenditure models both the need and budget variables have a positive and significant
effect on own programme expenditure. In addition, the proxy for need in other programmes is negative
and significant in all four cases. The diagnostic statistics suggest that, for all four expenditure models,
expenditure is endogenous and the instruments are valid./They also suggest that the instruments are
relevant and there is no evidence that the instruments/are weak. The Pesaran-Taylor test suggests that there
is no evidence of model misspecification.

19 An exception to this is expenditute on GMS/PMS (PBC23a) which is adjusted using the GMS/PMS market forces
factor.
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Table 3.4: Outcome and expenditure models for the big four programmes using spend data for 2006 /7 (two MFFs)'and _mortality data for 2006/7/8

©)
PBC 2
cancer
outcome model

)
PBC 2

cancer

spend model

&)
PBC 10

circulation
outcome model

S
PBC 10

circulation
spend model

®)
PBC 11

respiratory
outcome model

©
PBC11

respitatory
spend model

)
PBC 13
gastro

outcome model

®)
PBC 13
gastro

spend model

own programme spend per head
need CARAN per head

need CARAN per head squared
SYLLR all deaths exclude cancer
PCT budget per head

SYLLR all deaths exc citculatory
permanently sick

SYLLR all deaths exc respiratory
SYLLR all deaths exclude gastro
lone pensioner households
Constant

Endogeneity test statistic
Endogeneity p-value
Hansen-Sargan test statistic
Hansen-Sargan p-value

Shea's partial R-squared
Kleibergen-Paap LM test statistic
Kleibergen-Paap p-value
Kleibergen-Paap F statistic

Pesaran-Taylor reset statistic
Pesaran-Taylor p-value

-0.342%%*
[0.099]
0.995%kx
[0.106]
1.163%%+
[0.348]

6.501%%*
[0.436]
13.695

0.000215

0.685
0.408
0.164
17.85
0.000153
1328
0.00537
0,942

1.626%+*
[0.343]

-0.855%kx
[0.191]
0.465
[0.300]

5.913%%k
[2.815]
19:421

1.05¢-05

0.021
0084
0.445
41.88
8.04¢-10
56.69
0.18
0.668

1.434%%%
[0.218]
2,860+
[0.252]

[1.413%%
[1.046]
42.548

6.90e-11

0.949
0.814
0.300
3237
1.61e-06
17.14
0.136
0.712

2.306%*
[0.372]

0.540%
[0.259]
L6667

[0,295]

10.696%+*
[2.379]
24.461
7.58¢-07
1.262
0.261
0.296
32.02
1.11e-07
31.84
0.00349
0.953

-2.020%%*
[0.636]
2.696%+*
[1.044]
2451
11.561]

0.750%*
[0.367]

13.756%+*
[3.279]
17.687
2.60e-05
1.462
0.227
0.0785
10.02
0.00666
7.022
0.0120
0.913

144965
[0331]

0.679%*
[0.251]

-0.672%*
[0.305]

3.346

[2.075]

8.439
0.00367

0.302

0.583

0.327

34.98
2.54¢-08

20.94

1.497

0.221

-1.536***

[0.468]
41607
[0.577]

9,719k
[2.009]
16.373
5.20e-05
2.761
0.0966
0.140
14.86
0.000592
11.63
1.669
0.196

2,040k
[0.378]

0.446%
[0.263]

1,206+
[0.314]

8.37(pwkx
[2.299]
15211
9.61e-05
0.0164
0.0898
0.356
35.72
1.75¢-08
22.40
0.007
0.935

Note: robust standard errors in bracke_ts, ¥ p<0.01, ** p<0.05, * p<0.1.
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3.6.11 Cost of a life year

The outcome and expenditure elasticities presented in Table 3.4 can be used to calculate the cost of a life
year in each programme. These calculations -- for both the big four programmes as well as for the other
six programmes with mortality based outcome indicator -- are shown in Table 3.5. The cost of a life
(year) estimates presented in Table 3.5 assume a 1% increase in each PCT’s budget and are calculated
as:

the cost of an additional life in a particular programme
= the change in expenditure in that programme / the change in mortality in that programme
= (annual spend * expenditure elasticity) / (annual mortality * outcome elasticity
* expenditure elasticity)

and

the cost of an additional life year in a particular programme
= the change in expenditure in that programme / the change in life years lost'in that programme
= (annual spend * expenditure elasticity) / (annual life years lost * outcome elasticity
* expenditure elasticity)

To illustrate this calculation let us calculate the cost of a life year for, say,the cancer programme. The
annual spend on cancer in 2006/7 is £4,122m and the expenditure elasticity for the programme is 0.465
so that the change in expenditure associated with a 1% increase in each PCT’s budget is £19.1673m
(=1%*/£4,122m*0.465). The total number of life years losito cancer for 2006, 2007, and 2008 totals
2,207,021 life years and so the average annual loss is 735,674 life years. The outcome elasticity for the
cancer programme is 0.342 and the expenditure elasticity’is 0.465 so the reduction in the number of life
years lost associated with a 1% increase in each PC17%s budget is 1,170 (=1%*735,674 life
years*0.342*0.465). The cost of an additional life year is therefore £19.1673m (the change in
expenditure in the programme) divided by 1170 (the reduction in the number of life years lost), and
this equals £16,383.

An integral part of the calculation ot the cost of a life year is the annual mortality (life years lost) figure
associated with a particular programme. Jdeally, the ICD10 coverage of the expenditure data should
coincide with that of the mortality data. However, as shown in Table B5.1 of Appendix B, the ICD10
coverage of the mortality data“typically falls short of that for the expenditure data. Unless we adjust
the annual mortality figure so that'its ICD10 coverage approximates that of the expenditure data, our
cost of life (year) estimzies will be too large because they will underestimate the mortality gain.

Table 3.5 reports cost of a life year estimates both with and without this adjustment for ICD 10
coverage. Having incorporated this adjustment, the results show that the cost of a life year for the big
four PBCs isestimated as £10,604 and, for all ten programmes with a mortality outcome measure, the
estimate is7£19,965. For all programmes, assuming a zero gain for the 13 PBCs without an outcome
indicator, the corresponding estimate is £73,457.

fweassume that PBC23 (largely primary care) generates a zero health gain (because the gains from
primary care are already reflected in the mortality rates for disease specific programmes) and that the
gain attributable to the remaining 12 programmes is, on average, the same as that attributable to those
with a mortality outcome measure, then the cost of a life year across all programmes is £22,565.2

et

20 Refer to Appendix B, Table B8.23.
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3.6.1.2 Non-PCT Department of Health funded expenditure

PCT expenditure accounts for a large proportion of Department of Health expenditure but PCTs do not
account for the Department’s entire budget. In 2006/7 the Department of Health’s gross expenditure
totalled £83.5bn. Charges raised £3.4bn so net expenditure totalled £80.1bn. Of this net expenditure,
PCTs accounted for £67.3bn (that is, 84%) and various other bodies accounted for the remaining
£12.8bn. A breakdown of this gross and net expenditure by major body is shown in Table B8.24 of
Appendix B. The Department of Health has allocated net non-PCT expenditure across the 23 PBCs. Of
the additional £12bn of net expenditure, £11.2bn (93%) has been allocated to PBC23. This largely
reflects: (a) the allocation of almost all Strategic Health Authority expenditure to either PBC23B (‘other:
SHAs including workforce development committees’) or PBC23X (‘other: miscellaneous’), and (b) the
allocation of almost two-thirds of Department of Health expenditure to PBC23X (‘other: miscellanzovus’).
The remaining £0.8bn of additional net expenditure is spread across all PBCs according to various
allocation rules and although this approach avoids allocating expenditure to the ‘Other: Miscellatieous’
category, this allocation of expenditure does not necessarily reflect actual expenditure.

The cost of a life (year) estimates presented above are based on the impact of a 1% exogenous change in
total net PCT spend. All of our outcome and expenditure models have been estimated u:sing net PCT
expenditure, and all of our elasticities relate to this expenditure. Implicitly we assugie that any budgetary
shock only affects PCT funding and that it leaves non-PCT funding unchanged. Suppose instead we
assume a 1% exogenous change in the Departmental budget. We have n¢/information on how this
Departmental budgetary shock is likely to be split between PCT and non-PCTs budgets. One might
assume that the non-PCT budget is as responsive to a Departmental budgetary shock as is the PCT
budget. If this was the case then it would add 17.7% to our cost of a life year estimate for 2006/7.
However, in the absence of any information about the responsiveness of the non-PCT budget, it is
difficult to come to any firm conclusion about the impact of non-PCT expenditure on our cost of a life
year estimates.

3.6.2 2007/8 expenditure data and mortality data for 2007 /2009

Outcome and expenditure models were estitnated using updated data for expenditure (from 2006/7 to
2007/8) and updated mortality data (frem 2006/2007/2008 to 2007/2008 /2009). Appendix B, Section
B10 presents detailed discussion of thetindings including tables of results.

3.6.2.1 Outcome models

As before we model outccinic as a function of own programme expenditure and a measure of health care
need, where the latter is proxted’ by the measure of need as employed by the Department of Health for
resource allocation pusposes.?! There are, however, a few exceptions. For the respiratory programme we
further included the square of the measure of need to improve model fit. In some other PBCs we found
that the all service:measure of need performed pootly and we replaced or supplemented this measure with
either a more programme specific measure (e.g., the epilepsy prevalence rate for neurological mortality) or
with a betfer performing proxy for need (e.g., the percentage of residents born outside the EU for
maternity/aeonate mortality). These amendments improved model specification?. Full results for all
programimes are presented in Table B10.1 Appendix B; below is a summary of the findings.

Two sets of models were estimated for three (for cancer, respiratory problems and gastro-intestinal
problems) of the big four programmes. One of the two models used two instruments and so we report

21 Using the CARAN model (Department of Health (2009).

22 In addition to respiratory and neurological programmes the other programmes where the all service measure of
need was replaced are: endocrine: IMDO7 and diabetes prevalence rate; genitor-urinary: lone parent households;
infectious diseases: IMDO7 and HIV need per head and its square; maternity and neonates: proportion born outside
EU and proportion of population with no qualification aged 16 to 74. For trauma and injuries, the all service
measure of need was supplemented with the proportion of households without a car and proportion of full time
students.
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the instrument validity test statistic. In all three cases we failed to reject the null hypothesis of instrument
validity. However, there is some evidence of weak instruments (at least in the respiratory and gastro-
intestinal programmes) and if we dropped one instrument and re-estimated the model, evidence of
instrument weakness disappeared. The removal of one instrument has little impact on the coefficient on

expenditure and it is this coefficient that we use below in our cost of a life year calculations reported in
Table 3.5.

For the big four programmes the need variable has a positive and significant effect on mortality, and
expenditure has the anticipated negative effect. The diagnostic statistics reveal that, in all four PBCs, own
programme expenditure is endogenous and that the instruments are valid. They also suggest that the
instruments are relevant and there is no evidence that they are weak in the models with one excluded
instrument. The Pesaran-Taylor test reveals no evidence of model miss-specification.

The outcome results for the other programmes are similar to but more diverse than those for the big four
programmes. This is to be anticipated because mortality is a much rarer outcome in these programmes
than it is in the big four programmes. Own programme expenditure is not endogenous in four of these
programmes but we retain the IV estimator for three of these four because this yields-more plausible
results than the OLS estimator (the results are more plausible in the sense that the signs-on the
coefficients are more in line with our prior expectations)?.

Expenditure has the anticipated negative effect on mortality in the endocrine problems programme but
this is not statistically significant. The all service measure of need is-not reievant for this PBC; instead, we
find that the diabetes prevalence rate is positively associated with mortality, as is a measure of deprivation
(the IMD2007).

Mortality from epilepsy is negatively and significantly associated with expenditure in the neurological
programme. Both the all service need for health care and the'epilepsy prevalence rate are positively and
significantly associated with mortality in this programmic.

Expenditure has a negative and statistically significant effect on mortality (from renal problems) in the
genitor-urinary problems programme. The prevzalence of lone parent households is positively associated
with mortality.

Expenditure has the anticipated negative ¢ffect on mortality in the infectious disease programme and this
is statistically significant. The all setvice measure of need is not relevant for this PBC; instead, we find
that a measure of need associated with HIV is positively associated with mortality, as is a measure of
deprivation (the IMD2007).

Expenditure has the anticipated negative effect on mortality in the maternity & neonates programme but
the estimated coefficient is'not statistically significant. In this PBC the generic all service measure of need
has been replacéd with'two other indicators of deprivation — the proportion of residents born outside the
EU and the propottion of those aged 16-74 without any qualifications — both of these are positively
associated with mortality.

Finally; expenditure and need have the anticipated effects on mortality in the trauma and injuries
programme. In addition, the proportion of households without access to a car is negatively associated
with-mortality from fractures (perhaps access to a car facilitates involvement in serious road traffic
aceidents), and the proportion of residents that are students is positively associated with mortality from
fractures.

The relevant statistical test suggests that expenditure is endogenous in six of the ten programmes but we
have retained the IV estimates for three of the other four programmes because they provide plausible
results. The Hansen-Sargen test suggests that the selected instruments are valid, and the Kleibergen-Paap
LM statistic suggests that they are relevant (i.e., correlated with the endogenous regressor). With the

23 'The four programmes ate: endoctine, infectious diseases, maternity/neonates and trauma/injuties.
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possible exception of the trauma and injuries programme, the Kleibergen-Paap I statistic suggests that we
do not have a problem with weak instruments.?* Finally, the Pesaran-Taylor/Ramsey reset test statistics
reveal no evidence of misspecification.

3.6.2.2 Expenditure models

The majority of the expenditure models contain the three variables: the PCT budget, a proxy for the own
programme need for health care, and a proxy for the need for health care in other programmes. The
budget term is positive in all eleven models and it is statistically significant in eight of these eleven models.

The usual proxy for the own programme need for health care (i.e., the all service measure of need) is
present in six of the models and it is significant in five of them. Its presence is supplemented with'the
addition of its squared value to improve model fit in the respiratory problems programme. In some
programmes (e.g., the endocrine, metabolic & nutritional programme and the neurological programme)?,
we have replaced and/or supplemented the all service measure of need with a more programmnze specific
measure (e.g., the diabetes prevalence rate and the epilepsy prevalence rate) and these measures of need
have the anticipated positive impact on expenditure.

In addition, in a couple of other programmes we have used alternative proxies f0r tite own programme
need (e.g., with the use of the Department of Health’s measure of maternityseed in the
maternity/neonates expenditure equation). Full results for all programmes are presented in Table B10.2
Appendix B; below is a summary of the findings.

For eight of the eleven programmes we have used the all cause mortality rate less own programme
mortality rate as the proxy for the need for health care in other programmes, and the coefficient on this
term is negative in seven programmes and statistically sigaificantin six of the seven. In three programmes
-- maternity/neonates, GMS/PMS and trauma & injuries programmes -- we have used the all cause
mortality rate as the proxy for the need for health care in other programmes due to difficulties associated
with the measurement of the own programme mortality rate. The coefficient on this term is not
significant in any of the three models.

The relevant statistical test suggests that expenditure is endogenous in six of the eleven programmes but
we have retained the IV estimates for two other programmes (GMS/PMS and trauma & injuties) because
the IV estimator provides more plausible results. In the other three programmes we report OLS results.

The Hansen-Sargen test suggests-that the selected instruments are valid, and the Kleibergen-Paap LM
statistic suggests that they are rclevant (i.e., correlated with the endogenous regressor). The Kleibergen-
Paap F statistic suggests-that we do not have a problem with weak instruments. Finally, the Pesaran-
Taylor reset test statistics and the Ramsey reset F statistics reveal no evidence of model misspecification.

3.6.2.3 Calculation of the cost of a life and life year

Expenditure and outcome elasticities for preferred models are used to calculate the cost of a life year,
both fet individual programmes and for all programmes collectively. The relevant figures are summarised
in Table 3.5.20 The cost per life year gained is £13,830 for the big four programmes and £28,983 for all
ten programmes with a mortality-based outcome indicator. These represent 30% and 45% increases on
the tespective costs for the previous year (i.c., using expenditure data for 2006/7 and mortality data for
2006/2007/2008).

2 The Kleibergen-Paap F statistic is very close to the target value of ten for both the genitor-urinary and infectious
diseases outcome models.
% These are endocrine: all service measute of need and diabetes prevalence rate; neurological: epilepsy prevalence;
GMS/PMS: propottion of lone pensioner households; trauma/injuries: proportion of population working in
agriculture.
26 Full details of these calculations can be found in Tables B10.3 and B10.4 of Appendix B.
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If we assume that the other 13 programmes (all without a mortality based outcome indicator) offer no
health gain, then the cost per life year across all PCT expenditure is £82,765. This is up from £73,457
using data for the previous year (an increase of 13%).
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Table 3.5: Cost of life year estimates by PBC for PCT expenditure in 2006/7, 2007 /8 and 2008 /9

Expenditure 2006/07 Expenditure 2007/08 Expenditure 2008/09
Outcome 2006/08 Outcome 2007/09 Outcome 2008/10

Cost per life year Cost per life Cost per life year
Total life gained adj for Total life year gained Total life gained adj for
Spend (£m) years lost, Cost per life  YLL coverage Spend (£m) years lost, Cost per life year  adj for YLL Spend (£m) years lost, Cost per life year ~ YLL coverage
2006/7 <75years, year gained (£) ) 2007/8 <75years, gained ()  coverage () 2008/9 <75years, gained (£) )

PBC description 2006/08 2007/09 ~ 2008/10
Cancer £4,122 2,207,021 £16,383 £16,121 L4573 2,189,685 L17,165 £16,891 /4,843 2,170,660 £21,802 £21,454
Circulatory problems £6,161 1,361,634 £9,466 £9,390 £6,325 1,313,223 11,315 £11,224 £6,655 1,285,026 L11,779 £11,685
Respiratory problems £3,285 324,223 £11,593 £8,961 £3,431 315,457 14,798 £11,439 £3,994 311,034 £21,307 £16,470
Gastro-intestinal problems £3,700 345,908 £20,892 £11,929 /3,805 343,355 425,034 £14,295 £3,989 341,884 £25,662 £14,653
Big four programmes summary: £17,268 4,238,786 £12,333 £10,604 £18,134 4,161,720 £16,345 £13,830 £19,481 4,108,604 £16,688 £14,650
Infectious diseases £1,053 106,552 £630,798 £630,798 £1,119 106,092 £57,742 57,742 £1,201 100,078 £71,432 £71,432
Endocrine problems £1,852 57,672 £114,416 £72,539 £1,997 55,492 £190,745 £120,932 £2,222 54,779 £104,008 465,941
Neurological problems £2,790 66,137 £1,129,960 £153,675 £3165 64,873 431,749 £58,718 13,466 64,222 /388,267 £52,804
Genito-urinary problems 13,482 10,030 £20,421,090 13,512,427 £3,439 8,529 £652,096 £112,160 £3,779 8,004 £877,038 £150,851
Trauma & injuries* £2,892 30,000 n/a n/a 2,918 21,273 £1,115,197 £195,159 £3,255 6,881 #DIV/0! #DIV/0!
Maternity & neonates* £3,574 492,600 £45,158 £30,662 ___é?_},obZ 489,170 £204,168 £138,630 £3,978 479,905 £198,939 £135,080
Other six programmes summary: £15,643 762,991 £258,046 £146,168 £16,300 745,429 £274,309 199,428 £17,901 £713,869 £254,794 £112,674
All ten programmes summary: £32,911 5,001,777 £23,780 £19,965 £34,434 4,907,149 £38,110 £28,983 £37,382 4,822,473 /38,328 £30,883

Other 13 programmes summary: £34,985 £39,223 £41,016

All 23 programmes £67,896 87,494 ) [T3457 [73,657 £108,829 £82,765 £78,398 £105,460 £84,974
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In addition, if we assume that PBC23 generates a zero health gain and that the gain attributable to the
remaining 12 programmes is, on average, the same as that attributable to those with a mortality outcome
measure, then the cost of a life year across all programmes is £31,846 (it was £22,565 using data for the
previous year).

The next section presents outcome and expenditure models using PB data for 2008/9 and mortality data
for 2008/9/10, and it explores the reasons for the increase in the cost of an additional life year identified
in this section.

3.6.3 2008/9 expenditure data and mortality data for 2008/2010

Outcome and expenditure models were estimated using updated data for expenditure (from 2007/§ to
2008/9) and updated mortality data (from 2007/2008/2009 to 2008/2009/2010). Detailed results fot the
outcome model and expenditure model are shown in Tables B11.1 and B11.2, Appendix B respeciively.
First stage regressions for these IV models can be found in Tables BA.9 and BA.10 in the antiex to
Appendix B.

3.6.3.1 Outcome models

The majority of the outcome models contain the two variables: own programme expenditure and a
measure of the need for health care (the measure of need as employed by the Department of Health for
resource allocation purposes?’). For the respiratory disease programme wwe have added the square of the
need measure to improve the model fit. In other PBCs (e.g., for the endocrine, metabolic and nutritional
programme), we found that the all service measure of need performed poorly and we have replaced it
with a more programme specific measure (e.g., the diabetes prevalence rate) or with a better performing
proxy for need (e.g., the percentage of residents born outside the EU for maternity/neonate mortality).?

The relevant statistical test suggests that expendituie i3 etidogenous in six of the ten programmes but we
have retained the IV estimates for the other four because they provide plausible results. The Hansen-
Sargen test suggests that the selected instruments are valid, and the Kleibergen-Paap LM statistic suggests
that they are relevant (i.e., correlated with ¢he endogenous regressor). The Kleibergen-Paap F statistic
suggests that we do not have a problems with weak instruments. Finally, the Pesaran-Taylor reset test
statistics reveal no evidence of misspecification.

In all of the big four programmes, the ticed for health care variable has a positive and significant effect on
mortality, and expenditure has‘the anticipated negative effect. As we have noted before, the outcome
results for the other progranimes ate similar to but more diverse than those for the big four programmes.
This is to be anticipated becatise mortality is a much rarer outcome in these programmes than it is in the
big four programmes.

Expenditure hag the anticipated negative effect on mortality in the endocrine problems programme and
this is statisticaily significant. The all service measure of need is not relevant for this PBC; instead, we

find that the disbetes prevalence rate is positively associated with mortality, as is a measure of deprivation
(the IMIB2007).

Expenditure has a negative but statistically insignificant impact on mortality from epilepsy in the
fieuyological programme, and the all service indicator of the need for health care is positively and
significantly associated with mortality in this programme.

27 The CARAN measure of service need.
28 The amendments are: respiratory diseases: all service need and all service need squared; endocrine: IMDO07 and
diabetes prevalence rate; genitor-urinary: lone parent households; infectious diseases: IMD07 and HIV need per
head and its square; maternity and neonates: all service need and proportion born outside EU and proportion of
population with no qualification aged 16 to 74.
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Expenditure also has a negative but not statistically significant effect on mortality (from renal problems)
in the genitor-urinary problems programme. The prevalence of lone parent households is positively
associated with mortality.

Expenditure has the anticipated negative effect on mortality in the infectious disease programme and this
is statistically significant. The all service measure of need is not relevant for this PBC; instead, we find
that a measure of need associated with HIV is positively associated with mortality, as is a measure of
deprivation (the IMD2007).

}

Expenditure has the anticipated negative effect on mortality in the maternity & neonates programme. /it
this PBC the coefficient on the generic all service measure of need is positive but not significant. Ittas

been supplemented with two other indicators of deprivation — the proportion of residents born outside

the EU and the proportion of those aged 16-74 without any qualifications — and both of these ate

positively associated with mortality.
Finally, we were unable to develop a plausible outcome model for the trauma and injuries programme.

3.6.3.2 Expenditure models

The majority of expenditure models contain the three variables: the PCT budgct, a proxy for the own
programme need for health care, and a proxy for the need for health carein othér programmes.

The budget term is positive and statistically significant in ten of the eleven models.

The usual proxy for the own programme need for health care (i.e., the all service measure of need) is
positive and significant in five of the eleven results. In acouple of programmes (respiratory disease and
endocrine problems) we have added the squared value'of i2eed to improve the model fit and in both cases
this term is positive and significant. In some prograinmes- (e.g., the endocrine PBC and the neurological
PBC), we have replaced and/or supplemented the all’service measure of need with a more programme
specific measure (e.g., the diabetes and the epiepsy prevalence rates) and these usually have a positive and
significant impact on expenditure. In addition; in a’couple of programmes we have used alternative
proxies for own programme need (e.g.,‘with the use of the Department of Health’s measure of maternity
need in the maternity/neonates expenditure equation and the use of HIV need in the infectious diseases
programme).??

For eight of the eleven prografnmacs we have used the all cause mortality rate less the own programme
mortality rate as the proxy fcr the need for health care in other programmes, and the coefficient on this
term is negative in seven programmes and statistically significant in six of the seven. In three
programmes -- maternity/neonates, GMS/PMS and trauma & injuries programmes -- we have used the
all cause mortality rate 4s the proxy for the need for health care in other programmes due to difficulties
associated with the measurement of the own programme mortality rate. The coefficient on this term is
negative but ot significant in these three models.

The relevant statistical test suggests that expenditure is endogenous in five of the eleven programmes but
we have tetained the IV estimates for two further programmes (endocrine problems and
matetnity/neonates) because the IV estimator provides more plausible results than the OLS estimator. In
the other four programmes we report OLS results.

2 These are infectious diseases: HIV need and its square; endocrine: all service measure of need, its squate and
diabetes prevalence rate; genitor-urinary: all service measure of need and proportion of residence born outside EU;
maternity/neonates: maternity measure of need; GMS/PMS: all setvice measure of need, proportion of residents
reporting permanent sickness (16yrs — 74yrs), proportion of lone pensioner households and proportion in
professional occupations; trauma/injurties: propottion of population working in agriculture.
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The Hansen-Sargen test suggests that the selected instruments are valid, and the Kleibergen-Paap LM
statistic suggests that they are relevant (i.e., correlated with the endogenous regressor). The Kleibergen-
Paap I statistic suggests that we do not have a problem with weak instruments. Finally, the Pesaran-
Taylor reset test statistics and the Ramsey reset F statistics reveal no evidence of model misspecification.

3.6.3.3 Calculation of the cost of a life and life year

Expenditure and outcome elasticities for our preferred models are used to calculate the cost of a life year,
both for individual programmes and for all programmes collectively. This results in the cost per life year
gained having increased slightly compared with that using the previous expenditure and mortality data set
(i.e., for 2007 and 2007/8/9 respectively): increasing from £13,830 to £14,650 for the big four
programmes and from £28,983 to £30,883 for all ten programmes with a mortality-based outcome
indicator. If we assume that the other 13 programmes offer no health gain, then the cost per life year
across all PCT expenditute has increased from /82,765 in 2007/8 to £84,974 in 2008/9.

In addition, if we assume that PBC23 generates a zero health gain and that the gain attributable to the
remaining 12 programmes is, on average, the same as that attributable to those with 2 mextaiity outcome
measure, then the cost of a life year across all programmes in 2008/9 is £33,333. This iv-a 5% increase on
the figure (£31,846) for the previous year.

3.6.4 Comparing the cost of life year estimates associated with. diiferent data sets

Table 3.6 presents expenditure and outcome elasticities for the five combiriations of expenditure and
outcome data that have been used to estimate our model. It also reports the corresponding unadjusted
cost of life year estimates (i.e., estimates that are unadjusted for the mismatch in the ICD10 coverage of
the expenditure and mortality data). It is clear from this Table (see row 13) that the (unadjusted) cost of a
life year for the ten programmes with a mortality based ‘outcome indicator fluctuated around £22,000 for
the first three sets of estimations (see columns M-O).) Hewever, using the two most recent sets of
expenditure data (i.e., for 2007/8 and then for 2008,9), the figures in the table suggest that this cost has
increased to about £38,000.

What are the proximate causes of this increzser Recall that the cost of a life year is calculated as

the change in expenditure associated with a 1% budget increase

the change in the nuniber of life years lost associated with this increase

For 2006/7 (using mortality data for 2006/7/8) and for the ten programmes with a mortality based
outcome indicator, the change in expenditure associated with a 1% budget increase is £184.53m and the
change in the number-of life years lost associated with this increase is 7,760 (see Table B8.21 in the
appendix for th¢ calculation of these figures). Thus the cost of a life year is £23,780 (=£184.53m/7,760).

For 2007/8 (using mortality data for 2007/8/9) and for the ten programmes with a mortality based
outcome iiidicator, the change in expenditure associated with a 1% budget increase is £257.94m and the
change in the number of life years lost associated with this increase is 6,768 (see Table B10.3 in the
2ppendix for the calculation of these figutres). Thus the cost of a life year is £38,110 (=£257.94m/6,768).

It is clear that the 60% increase in the cost of a life year between 2006/7 and 2007/8 is largely attributable
(a) to the 40% increase in the additional expenditure (up from £184.53m to £257.94m) directed towards
these ten programmes following a 1% budget increase and (b) to the 12% decline in the number of life
years saved by this increase in expenditure (down from 7,760 to 6,768 life years).

The rise in the shate of the budget increase directed towards these programmes can be attributed to the
increase in the implied expenditure elasticity associated with these ten programmes (up from 0.561 to
0.749). The decrease in the number of years of life saved appears to be due (a) to an overall reduction in
the (absolute) size of the outcome elasticities and (b) to a shift in the additional expenditure towards those
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programmes with a relatively high cost of a life year. For example, the cost of a life year for the ‘small six
programmes is much larger than for the ‘big four’ programmes. However, in 2007 /8 the spend elasticity
for the small six increases from 0.561 to 0.961 (71%) while the expenditure elasticity for the big four rises
from 0.528 to 0.559 (6%). A similar pattern — of additional expenditure shifting away from the low cost
PBCs — can be seen within the big four programmes. However, it is not clear why such rather dramatic
changes should have taken place.

If we correct the cost of life year estimates adjusting for the mismatch in the ICD10 coverage of the
expenditure and mortality data, these reveal similar increases in the cost of a life year between 2006/7 on
the one hand and 2007/8 and 2008/9 on the other. The cost of a life year increased from £19,965 in
2006/7 to £28,983 in 2007/8 for the ten programmes with mortality rate, an increase of 45%; and it
increased from £22,565 to £31,846 for all programmes if we assume a zero health gain in PBC23 and the
same gain in the other 12 programmes as in the ten with a mortality rate (an increase of 41%).

A potential reason for this apparent step change in the cost of a life year is the adjustment that'was made
to the methodology for the collection of the 2007/8 programme budgeting data. In previousyeats
expenditure that was not directly attributable to a particular programme category was-appottioned using
admitted patient care percentages.’® In other words, if x% of total admitted patient care expenditure was
allocated to PBC 1, then x% of all expenditure that was not directly attributable taaparticular
programme category was also allocated to PBC 1. With effect from 2007/8; however, NHS organisations
were asked to select an appropriate basis for the apportionment of this-noa-programme specific
expenditure and that, where no reasonable basis existed, such expenditnre was to be allocated to the
‘Other — Miscellaneous’ (PBC 23X) category.

The Department of Health estimates that this allocation rule ¢change increased the amount of expenditure
attributed to PBC 23X by £700 million. It will also, of course, have reduced expenditure across other
programmes by the same amount in total. However, not2il programmes will have been equally affected,;
PBCs that are more heavily inpatient based would Haye ‘lost’ expenditure while others, such as learning
disabilities, social care, and mental health, will have ‘lost’ considerably less. In addition, not all PCT's will
have been equally affected because each will iave employed different apportionment rules for the non-
programme specific expenditure.[89]

Although this allocation rule change has considerably increased the estimated cost of a life year, we
believe that this rule change has led to a more accurate allocation of expenditure across PBCs, and that
the more recent estimates of the cost of a life year (for 2007/8 and 2008/9) are more accurate than those
for the eatlier years (for 2005/6 arid 2006/7).

3.6.5 Adjusting the cost of a life year estimates to constant prices

The estimates of th¢ cost of a life year presented above are all at current prices. To put them on a
constant price basis, we need an index of pay and price inflation for the labour and goods/services
purchased by the INHS. Curtis[90] reports a pay and prices index for Hospital and Community Health
Services and this implies an inflation rate of 3.7% in 2006/7, 2.9% in 2007/8, and 3.9% in 2008/9.5t If
we assume that similar inflation rates also apply to the purchase of pharmaceuticals and the provision of
primary care (items that are excluded from the HCHS index), then we can use these figures to put the
esitiriates of the cost of a life year on a constant price basis.

SExpenditure on, for example, community care, A&E, ambulance services, and outpatients can be difficult to
attribute to a particular PBC. Critical care, rehabilitation, and specialised commissioning across care settings will
also be difficult to attribute to a particular programme.

3With the index for 1987/8 set equal to 100, then 2005/6=240.9, 2006/7=249.8, 2007/8=257.0, and 2008/9=267.0
(Curtis, 2011, p209).
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For example, if we assume that PBC23 generates a zero health gain and that the gain attributable to the 12
programmes without a mortality indicator is, on average, the same as that attributable to those with a
mortality outcome measure, then the cost of a life year across all programmes in 2008/9 is £33,333 at
current (2008/9) prices. The cost for 2007/8 is £31,846 at cutrent (2007/8) prices or £33,088 at constant
(2008/9) prices, and the figure for 2006/7 is £22,565 at cutrent (2006/7) ptrices or £24,125 at constant
(2008/9) prices. The conversion of the costs from a curtent to constant price basis has relatively little
impact because the inflation rate over the relevant period is quite small.
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Table 3.6: Expenditure and outcome elasticities for five combinations of expenditure and outcome data, and corresponding (unadjusted) cost of life
year estimates

A B c D E F G H 1 J K L v N © P Q
spend elasticities outcome elasticities cost of an additional life year (unadjusted for YLL coverage)
(e) using (e)usirig
(a) using (b) using (c) using (d) using spend for (a) using (b) using (c) using (d) using spend ot (a) using (b) using (c) using (d) using (e) using
spend for spend for spend for spend for 2008 and spend for spend for spend for spend for 2068.and- ! spend for spend for spend for spend for spend for
2005 and 2006 and 2006 and 2007 and mortality 2005 and 2006 and 2006 and 2007 and mortaliey 2005 and 2006 and 2006 and 2007 and 2008 and
mortality mortality mortality mortality for mortality mortality mortality mortality for mortality mortality mortality mortality mortality
PBC description for 2002/4  for 2004/6  for 2006/8  for 2007/9 2008/10 | for 2002/4  for 2004/6  for 2006/8  for 2007/9 2008/10 for 2002/4 for 2004/6 for 2006/8 for 2007/9  for 2008/10
1 Cancer 0.968 0.548 0.465 0.890 0.525 -0.394 -0.337 -0.342 -0.365 -0.307 £13,741 £16,518 £16,383 £17,165 £21,802
2 Circulatory problems 0.682 0.701 0.540 0.293 0.648 -1.370 -1.447 -1.434 Ry -1.319 £8,328 £8,725 £9,466 £11,315 £11,779
3 Respiratory problems 0.849 0.718 0.679 0.536 0.652 -1.574 -3.507 -2.62% 42.205 -1.808 £20,601 £8,747 £11,593 £14,798 £21,307
4 Gastro-intestinal problems 0.772 0.667 0.446 0.622 0.456 -2.018 -2.137 C1.536 -1.328 -1.364 £18,303 £15,795 £20,892 £25,034 £25,662
5  All big four PBCs 0.801 0.660 0.528 0.559 0.579 -0.941 -1.083 -0.9463 -0.872 -0.825 £12,855 £10,783 £12,333 £16,345 £16,688
6 Infectious diseases 0.742 0.731 0.792 1.436 1.545 -0.152 -0:030 =0.047 -0.548 -0.504 £215,054 £1,036,377 £630,798 £57,742 £71,432
7 Endocrine problems 0.425 0.966 0.953 0.264 0.484 -0.244 0,812 -0.842 -0.566 -1.170 £371,601 £112,882 £114,416 £190,745 £104,008
8  Neurological problems 1.111 0.648 0.616 1.035 0.98 -0.182 1098 -0.112 -0.339 -0.417 £503,201 £1,241,253 £1,129,960 £431,749 £388,267
9 Genito-urinary problems 1.041 0.837 0.912 1.004 0.697 -0.634 =(:073 -0.051 -1.855 S1.615 | £29,144,918  £12,384,965  £20,421,090 £652,096 £877,038
10 Trauma & injuries* 0.627 0.617 0.358 1.686 1.344 -1.332 -0.527 0 -0.369 0 £282,132 £548,767 n/a £1,115,197 n/a
11 Maternity & neonates* 0.388 0.601 0.224 0.514 0975 |~ 9237 -0.035 -0.482 -0.110 -0.125 £17,490 £631,700 £45,158 £204,168 £198,939
12 All small six PBCs 0.780 0.717 0.596 0.961 0.962 ! -6.262 -0.122 -0.392 -0.254 -0.300 £295,074 £449,706 £258,046 £274,309 £254,794
i

13 All 10 PBCs with mortality 0.792 0.687 0.561 0.749 0.762 ! -0.844 -0.940 -0.877 -0.778 -0.747 £21,256 £20,893 £23,780 £38,110 £38,328
14 All 23 PBCs assuming zero gain in PBCs without mortality indicator £56,799 £62,718 £87,494 £108,829 £105,460
15 GMS/PMS 0.926 0.759 0.739 0.563 0.494 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
16 All 23 PBCs assuming zero gain in PBC 23 but average gain in other PBUs without 2 mortality indicator £24,200 £23,697 £26,876 £41,875 £41,369

Notes:

(i) that the spend and outcome elasticities reported for groups of prograinmes are the implied elasticites calculated from the totals for the relevant individual programmes (i.c., group spend elasticity=) (PBC spend*PBC spend elasticity)/Y. PBC spend, and
group outcome clasticity=Y (PBC mortality*PBC outcome elasticity) /Y PBC mortality). For the purpose of the calculation of the group outcome elasticity, we have used the years of life lost as the mortality indicator. The implied group elasticities cannot be
used to calculate directly the cost of a life (year) for a group ot PBCs. Instead, the latter should be calculated by summing across the change in spend and the change in mortality for the individual PBCs within the group. For further details see, for example,

Table B8.21 in appendix B.

(i) for each individual programme: the cost of an addidonallife year = expenditure elasticity*annual spend/(expenditure elasticity *outcome elasticity*annual life yeats lost)

(iii) for a group of programmes: the overall cost of an’additional life year = 3’ (annual spend*spend elasticity) / 3 (spend elasticity*outcome clasticity*annual life years lost)
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3.7 Summary and concluding remarks

The findings presented in this report build on four previous studies. These studies and the results
presented here draw on the availability of two new data sets to obtain empirical estimates of the
relationship between mortality and expenditure across all English local health authorities.

In this research we have extended the previous studies in several ways. First, we have derived plausible
outcome and expenditure models for a larger number of programmes (ten) than previous studies.

Second, we relate expenditure in time period # to mortality in that period (7 and in the next two periods
(t+17 and #+2). In other words, we assume that the health benefits associated with expenditure occur
either in the same period as the expenditure or in the next two periods. This is an improvement on past
practice where data constraints forced researchers to relate expenditure to the current and two previous
petiods.’2 When we re-estimated our models using expenditure data for 2006/7 and mortality data for
2006/7/8, we found that the cost of a life year across the ten programmes with a mortality based
outcome indicator is £23,780 (up from £20,893 when expenditure data for 2006/7 is combined with
mortality data for 2004/5/6; an increase of 14%).

Third, we have noted the mismatch in the ICD10 coverage of the expenditure afd’mortality data. If we
adjust the calculation of the cost of a life year for 2006/7 for this mismatch then the cost of a life year
across the ten programmes with a mortality based outcome indicator declities from £23,780 to £19,965 (a
decrease of 16%).

Fourth, previous estimates of the cost of a life year have been for individual programmes of care. In this
report we have presented estimates of the cost of a life year for an ¢nlarged number of programmes and,
with the aid of assumptions about the productivity (healthr gain) of programmes without a meaningful
mortality-based outcome indicator, we have extended ourindividual programme estimates to incorporate
expenditure across all programmes of care. Thus for 2006/7, the cost of a life year for those PBCs with a
mortality based outcome indicator is £19,965. If weassume that (a) that the health gain associated with
PBC23, which includes primary care and worktorce training expenditure, are reflected in the mortality
rates for disease specific programmes andb)-that the average health gain across the other programmes
without a mortality based outcome indicator ss the same as that for those PBCs with a mortality based
outcome indicator, then the cost of Jife’year across all programmes is £22,565.

Fifth, we have extended our costof life year estimates beyond 2006/7. Re-estimation of our model using
budgeting expenditure for 2007/8 generates an all programme cost of a life year estimate of /31,846, and
re-estimation of our model using budgeting expenditure for 2008/9 generates a similar cost of a life year
estimate (£33,333). Together, the last two estimates suggest that there has been step change in the cost of
a life year, and that this appeats to have occurred between 2006/7 and 2007/8. The cost of a life year
estimates are very similar up to and including 2006/7, and they are very similar for 2007/8 and 2008/9.
However, there'is a substantial difference between the figures for 2004/5, 2005/6 and 2006/7 on the one
hand (at about £22k), and for 2007/8 and 2008/9 on the other (at about £33k). The reason for this step
change isnotebvious but it might be due to changes in the algorithm used by the Department of Health
to allo¢ate non-admitted patient care activity to budget categories. Although this allocation rule change
has/considerably increased the estimated cost of a life year, we believe that this rule change has led to a
more-accurate allocation of expenditure across PBCs, and that the more recent estimates of the cost of a
life year (for 2007/8 and 2008/9) are more accurate than those for the eatlier years (for 2005/6 and
2006/7). A summary of the estimates of the cost of a life year adjusted for the mismatch between ICD10
chapters for expenditure and mortality are provided in Table 3.7.

Virtually all of the cost of a life year estimates presented in this report are calculated at current prices.
However, it is possible to put them on a constant price basis using the Hospital and Community Health

32 Such studies assumed that PCT's had reached some sort of equilibrium in the expenditure choices they make and
the outcomes they secure.
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Services pay and prices index.[90] For 2006/7, 2007/8 and 2008/9 this index recorded an annual rate of
inflation of about 3.5% and so the impact of this constant price adjustment is fairly minimal. For
example, if we assume that PBC23 generates a zero health gain and that the gain attributable to the 12
programmes without a mortality indicator is, on average, the same as that attributable to those with a
mortality outcome measure, then the cost of a life year across all programmes at constant 2008/9 prices is

£33,333 for 2008/9, £33,088 for 2007/8, and /24,125 for 2006/7.

Finally, although previous results and our current models ‘pass’ the appropriate statistical tests and, in
particular, the Hansen-Sargen test for valid instruments, we are aware that this test might be unable to
detect the presence of invalid instruments in some citcumstances and that the validity of instrumental
variables is often open to question. Responding to this, several studies [91, 92] have suggested that
researchers using I'V techniques should subject the estimated coefficient on the endogenous vatiable to 2
sensitivity analysis. We undertake a comprehensive sensitivity analysis for the outcome equation for each
of the big four models. This sensitivity analysis reveals that uncertainty associated with instrument
validity has little effect on our estimate of the cost of a life year but it does increase the degresof
uncertainty associated with this estimate.

We recognize that this study has a number of limitations. The estimates of the cost of an additional life
year for programmes with a mortality-based outcome indicator are unadjusted £or’the quality of life
during the additional year. Accordingly, the quoted costs will be an under-estéimate of the QALY -adjusted
cost of a life year to the extent that additional life years are not in perfect kieaith. In previous studies we
have noted that a rudimentary adjustment for this issue using HODaR data iiicreased the cost of a life
year by about 50% to 60%.[63, 66]

At the same time, however, the estimated costs will exaggerate the cost of an additional QALY-adjusted
year for those programmes with a mortality-based outcome itidicator because they ignore any health
benefits that are not associated with a reduction in mortality. In other words, expenditure that improves
the quality of life (e.g., cancer palliative care) but whick does not extend the length of life is implicitly
given a zero health gain value.

In addition, the expenditure data relates to-expenditure on all patients whereas the mortality data is based
on a life expectancy of 75 years. Thus implicitly our calculations attribute a zero health gain to all
expenditure on those aged over 75.//T0 illustrate the magnitude of the potential health gain ignored by
this restriction, note that in a recent studv of costs associated with all inpatient and outpatient activity
(excluding mental health), those 2aged over 75 years accounted for 25% of all costs in 2007/8[93] for
details of this study).

The results presented in-this study are all from the estimation of the relationship between expenditure and
mortality using data for a single time period. With the availability of several years of data for both
expenditure and moitality, we wanted to estimate a panel data model because a panel can offer advantages
over a one period model (e.g., it is better able to handle any unobserved heterogeneity across PCTs).
However, miost of the instruments employed here are based on the 2001 Census and thus time invariant
rendering themof little use in panel data modelling.
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Table 3.7: Adjusted cost of life year estimates for various combinations of programmes

A B

Programme budgeting category

C

D

Cost per life-year

E

(adjusted for ICD10 coverage of speind and mortality data)

2006/7 2007/8 2008/9

1 Cancer £16,121 £16,891 £21,454
2 Circulatory disease £9,390 £11,224 £11,685
3 Respiratory problems £8,961 £11,439 £16,470
4 Gastro-intestinal problems £11,929 £14,295 £14,653
5 All big four programmes £10,604 £13,830 £14,650
6 Other six programme with a mortality rate £146,108 £99,428 £112,674
7 All ten PBCs with a mortality rate £19,965 £28,983 £30,883

(a) If we assume a zero health gain in those PBCs without a mortality rate...
8 All 23 programmes £73,457 £82,765 £84,974

...or (b) if we assume a zero gain in PBC23 and that the average gain frony'the

the 10 PBCs with a mortality rate is applied to the remaining piogratnmes
9 All 23 programmes £22,565 £31,846 £33,333

Note that the figures for 2006/7 telate to the use of mortality for 2006/2067/2008 combined.
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Chapter 4: Translating mortality effects into life years and quality adjusted
life years

41 Introduction

This chapter presents an overview of how the results of the econometric work undertaken to estimate the
link between NHS spending and mortality, which was summarised in the previous chapter and detailed in
Appendix B, can be translated in to effects on life years and quality adjusted life years (QALYsS).

In this chapter we present three sequential steps of analysis which lead to estimates of the overall cost pex
QALY threshold for the NHS:

i Insection 4.2 we reconsider how the estimated effects on mortality from the economeéttics work
conducted in Chapter 3 might better translate in to life years by exploring the litnitations of
mortality data available at PCT level and the published years of life lost (YLL) figures presented.
We explore how these estimates might be improved using additional data-and analysis.

i.  Insection 4.3 we consider how these estimates of life year effects might be adjusted for the
quality of life in which they are lived, taking account of the gender-and the age at which life years
are gained or lost as well as the disutility associated with particuiar diseases.

fii.  In section 4.4 we explore ways to also take account of those ¢tfects on health not directly
associated with mortality and life year affects (i.e., the ‘pure’ quality of life effects) to estimate an
overall cost per QALY threshold.

This sequence of analysis is set out and explained based of the analysis of 2006 expenditure and mortality
data from 2006 to 2008. In section 5.2 we presentestimates for 2008 expenditure and 2008 to 2010
mortality data using the same methods and discuss the uncertainties associated with these estimates. As
in the previous chapter much of the detail of data and analysis that supports this overview is presented in
an appendix (see Appendix C). At the end of ¢achi’'section we present a summary which includes a central
‘best’ estimate as well as extreme lower ‘andupper bounds for the cost per life year and cost per QALY
threshold.

The core assumptions which underpin these three values are common across sections 4.2 to 4.4. The
central or ‘best’ estimate is. based-on two assumptions; one conservative and the other more optimistic
with respect to the health effects associated with expenditure. The first is that the health effects of
changes in one year of cxpenditure are restricted to one year. This is implicit in the estimates of outcome
clasticities presented-in the previous chapter.® This is likely to underestimate effects on mortality since
expenditure that reauces mortality risk for an individual in one year may well also reduce their risk over
subsequent yeats$; possibly over the whole of their remaining disease duration. Expenditure may also
prevent disease in future patient populations. Therefore, total health effects will be underestimated and
the cost petfife'year or QALY threshold will be overestimated. Although undoubtedly conservative, it
may b¢ otfset to some extent by the more optimistic assumption used to translate mortality effects into
life(years:’Any death averted by expenditure in one year is assumed to return the individual to the
arortality risk of the general population, i.e., the years of life gained associated with each death averted are
based on what would have been their life expectancy taking account of their of age and gender (using life
tables for the general population).

The extreme upper and lower bounds for cost per life year and cost per QALY thresholds are based on
making both assumptions either optimistic (providing the lower bound for the threshold) or both

33 Although 3 years of mortality data are used in the analysis of each year of expenditure, these are averaged to an
annual value prior to estimating outcome elasticities. Therefore, the estimated outcome elasticities represent the
proportionate effect on mortality in one year due to a proportionate change in expenditure.
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conservative (an upper bound for the threshold). The lower bound is based on assuming that health
effects are not restricted to one year but apply to the remaining disease duration for the population at risk
during the expenditure year (although this still does not account for the effects of expenditure on
preventing disease). The upper bound is based on the combination of assuming that health effects are
restricted to one year and that any death averted is only averted for the minimum duration consistent with
the mortality data used to estimate the outcome elasticities in Chapter 3 (see Section 4.2.5 for a more
detailed discussion). It is very important to note that the lower and upper bounds represent extreme
values rather than alternative but plausible views that could reasonably be taken. We discuss this in more
detail in Section 5.8 and explain why establishing narrower bounds, which might retain some plausibility,
has not been possible given the data available and therefore the analysis that has been feasible.

4.2 From mortality to life years

In this section we summarise our examination of a number of issues associated with available 2CT-based
mortality data and the associated published estimates of YLL. We then examine how, given iize Jimited
information available about the population at risk in each PBC, we might take proper account of the fact
that some of the observed deaths would have occurred anyway (had the same population ot been at risk
in the particular PBC) when estimating YLL, i.e., taking account of unobserved ceunitertactual deaths.
This allows us to estimate the YLL that better reflects the effect of expenditure o:'the mortality observed
in each PBC, and infer the excess deaths associated with each PBC. Finally <we present cost per death
averted and cost per life year which accounts for the issues raised in this séction.

4.2.1 Mortality and YLL coverage

The mortality data that is available at PCT level does not offer full coverage of all deaths across all the
ICDs that make up each PBC (see Table B5.1 in Appendix E for how three-digit ICD-10 are mapped to
PBCs). However, national (English) data is available thatcovers all deaths associated with all the ICDs
that make up each PBC. Therefore, it is possible 5 adjust the incomplete reporting of mortality at PCT
level (see section 3.2 in Chapter 3) before applying the estimated outcome elasticities to calculate the
deaths averted due to expenditure.’* Applying published estimates of YLL per death to all the deaths
averted provides the estimate of the cost per life year reported in Chapter 3.

The published estimates of YLL (NHS IC)used in Chapter 3 only include deaths below 75 years (but
exclude deaths below 1 year) and are based on the difference between age 75 and the age of each death
below 75. These estimates have the same limited coverage as PCT level mortality data so are not available
for all the ICDs that make up-each PBC. Therefore, applying the available estimates of YLL per death to
the estimated number of deaths averted requires an assumption that the YLL per death is similar for
those groups of ICDs covered and not covered by the published YLL figures.

This can be examiried by using national ONS data to calculate YLL in the same way as NHS IC, but with
full coverage of all the ICDs that make up each PBC.3 Although ONS data provides complete coverage
and reports geirder; age at death is only reported in 5 year ranges (these data are not available at PCT level
so could ot beused when estimating outcome elasticities in Chapter 3). Therefore, using ONS data to
estimate YEL requires taking the midpoint of each range as the age of death, i.e., assuming reported

3% This does assume that the proportionate effects on mortality due to changes in expenditure are similar for
mortality that is and is not recorded at PCT level. This seems more reasonable than assuming no effect of
expenditure on mortality that happens not to be recorded at PCT level.

** The estimated outcome elasticity for PBC 16 (Trauma and injuries) was zero for 2006 and could not be estimated
for 2008 expenditure. Therefore, this PBC does not contribute any changes in health outcomes, although the
changes in this expenditure are included in subsequent estimates of cost per life year and QALY thresholds.
However, there was a very limited coverage of mortality data recorded at PCT level and the expenditure data for this
PBC. In addition, the mortality data that was available ICDs S72, S02, SO6 and T90) was less likely to be associated
with changes expenditure in this PBC and more likely to be associated with changes in expenditure in others.
Consequently the health effects of changes in expenditure in PBC 16 may be underestimated.

44



deaths are equally likely over the range in which they are reported. For this reason it is not possible to
precisely recover the published YLL figures using ONS data for those ICD groupings that can be
precisely matched to the NHS IC coverage. However, the differences are small (see Table C2, Appendix
C), suggesting that taking the midpoint of each range as the age of death may be a reasonable
approximation.

The differences between estimates of YLL based on ONS and NHS IC data are, however, much more
significant and are reported in Table 4.1. These reflect differences in the distribution of ages at death
between those groups of ICDs covered and not covered in the NHS IC figures. For example, NHS 1C
figures available at PCT level for PBC7 (neurological problems) have low coverage of all deaths in this
PBC (0.136 in column 1). The deaths that are reported in NHS IC are associated with epilepsy and the
YLL (22,046 in column 2) reflects the generally younger age at death in this group. When adjusted for
full coverage (22,046/0.136 = 162,100 in column 3) the estimated YLL is much greater than the YLL
based directly on all deaths by age group reported in ONS. This difference in YLL reflects the fact that
the deaths in PBC7 which are not covered by NHS IC figures tend to be in older age groups so generate
fewer YLL.

Table 4.1: Estimates of YLL for NHS IC and ONS

Coverage of V1il.<7s Difference
mortality data YLL<75 no adjustment from adjusted
relative to YLIL<7s adjusted needed NHS IC to
PBC spend data (NHS IC) (NHS IC) (ONS) ONS
1 2] B\ [4] 5]
1 Infectious diseases 1.00 35,517 35,517 40,928 15%
2 Cancer 0.98 735,674 747,636 758,804 1%
4 Endocrine problems 0.63 19,224 30,322 41,548 37%
7 Neurological problems 0.14 22,046 162,100 93,755 -42%
10 Circulatory 0.99 453,878 457,538 481,246 5%
11 Respiratory 0.77 108,074 139,812 147,465 6%
13 Gastro-intestinal 0.57 115303 201,931 177,532 -12%
17 Genito-utinary 0.17 3345 19,438 17,380 -11%
18+19  Maternity & neonates 0.68 164,200 241,826 15,409 -94%

Using ONS data also allows deaths under the age’of one year to be appropriately assigned to PBCs via the
ICD in which they occurred (NHS IC YL.L figures exclude deaths under one year), rather than assigning
them all to PBC18 & 19 as in the previous Chapter.’6 This explains the large reduction in YLL for
PBC18 & 19 (Maternity and neonatesy-as much of the mortality is re-assigned to ICDs which contribute
to other PBCs. Since most of the deaths that are re-assigned are allocated to PBC1 (infectious diseases)
the YLL for this PBC incteases despite complete reporting of deaths at PCT level and full coverage by
NHS IC figures (see also TabieC4 in Appendix C).

4.2.2 Life expectancyand YLL

As noted above the INHS IC estimates of YLL only include deaths below 75 years and are based on the
difference between age 75 and the age of each death below 75. Implicitly this treats 75 as the appropriate
normallifc’expectancy for males and females for the population at risk in each PBC. However, with the
exception of maternity and neonates most deaths in PBCs occur above the age of 75 and life expectancies
are sigriificantly greater than 75. For example, based on 2006 to 2008 data, life expectancy for the general
population is 80.7 for males and 84.4 for females (considering age distribution) and even life expectancy
atbirth is greater than 75 (77.74 for males and 81.88 for females).?

3 The YLL available from NHS IC represented all deaths from maternity and all deaths under 28 days across PBCs.
The coverage factor (0.68 in column 1 of Table 4.1) adjusts this YLL to represent maternity and all deaths < lyear
across PBCs. The calculation is described in Appendix B, footnote (v) of Table B5.1.

37 Figures for England, from http://www.ons.gov.uk/ons/rel/subnational-health4/life-expec-at-birth-age-65/2004-
06-t0-2008-10/ statistical-bulletin. html#tab-National-life-expectancy
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Based on ONS data YLLs can be re-recalculated using gender specific life expectancy for the general
population.’® When increasing life expectancy (LE) two effects occur, both of which tend to increase
estimates of YLL. Firstly, more deaths are included in the YLL calculation (those that occur between age
75 and LE) and secondly, each death previously counted below 75 will generate 5.7 or 9.4 more YLL for
males and females respectively. The effect on the number of deaths and the YLL for each PBC of using
the life expectancy of the general population is reported in Table 4.2 (see columns 1, 2 and 3).

Table 4.2: The difference in YLL by life expectancy

Difference in Differernice in

Deaths<7s Deaths< g deaths due to YLIL<7s YLL<g YILi dueto

PBC (ONS) (ONS) increased LE (ONS) (ONS) incteased L.E

[1] 2] 13 [4] [5] 16}

1 Infectious diseases 2,050 3,710 81% 40,928 62,051 52%
2 Cancer 62,944 95,212 51% 758,804 1,345,013 77%
4 Endocrine 2,367 4,000 69% 41,548 65,015 56%
7 Neurological 5,095 8,975 76% 93,755 145526 55%
10 Circulatory 41,487 82,098 98% 481,246 916,179 90%
11 Respiratory 14,000 30,500 118% 147,465 310,526 110%
13 Gastro-intestinal 10,611 15,827 49% 177,532 275,303 54%
17 Genito-utinary 1,588 4,197 164% 17,380 39,098 125%
18+19  Maternity & neonates 226 226 0% 15,409 17,167 11%

*LE male=80.7, female=84.4

The number of deaths counted below LE increases for every PBC excepi-for maternity & neonates
because, as expected, all deaths are below age 75 in PBC18 & 19. However, YLL increases for all PBCs
reflecting the additional years otherwise expected to be lived to‘anolder LE. Of course including more
of the deaths observed in each PBC and the greater YLL associated with them will generate more deaths
averted and more life years gained when applying the saine proportionate effects from the outcome
clasticities estimated in Chapter 3. Therefore, the cost pes death averted and cost per life year threshold
are lower using these figures than those reported in Chanter 3 (see Table 4.6 below and Table C7 in
Appendix C for a summary of the effects on the thresholds). However, there are good reasons why YLL
figures calculated as the difference between ‘dge of death and LE are likely to be overestimated. This is
dealt with in the next section (Section 4.2.3)." In-Section 4.2.4 we take account of the fact that some of
the deaths observed in a PBC would have occurred anyway in a similar ‘normal’ population (i.e., the
counterfactual population not at risk through membership of the PBC) so not all observed deaths are
‘excess’ and generate YLL.

4.2.3 YLL and accourttifig for counterfactual deaths

The estimates of YLL pased on ONS data overcome many of the limitations of the published NHS IC
figures. However, the YEiLs reported in Tables 4.1 and 4.2, are calculated in the same way as the NHS IC
figures, by taking the ditference between a fixed LE and the age at death of deaths observed below that
LE. This will tend t6 overestimate the YLL for two reasons: i) it does not account for the fact that not all
deaths observed below LE are ‘excess’ deaths in the sense that some deaths would have occurred (at the
same age)-ifya similar population not at risk in the PBC and ii) some of the deaths observed above LE
may be ‘excess’ deaths that would not otherwise have occurred at that age. The overall effect on YLL,
and ‘thic cost per life year, will depend on the number of deaths above and below LE that are excess.
Theretore, estimates of YLL are required which take account of the ‘counterfactual’ deaths that would
have occurred even if the population in the PBC was not at risk through membership of the ICD codes
that make it up, but faced the same mortality risks as the general population, accounting for the age and
gender distribution of the PBC population.

38 This is the life expectancy that reflects the age distribution of the general population, i.e., the average of the sum
of the life expectancies conditional on age, over the current age distribution. It will always be higher than life
expectancy at birth.
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Ideally, with reliable information about the size of the population at risk in each PBC and its age and
gender distribution it would be possible to estimate the number of deaths that would be expected to
occur had this population not been at risk, based on mortality data for the general population. The
difference between deaths observed across all ages and the deaths expected to have occurred in this
matched ‘normal’ population would provide the number of ‘excess’ deaths by age and gender.*® The YLL
associated with each of these excess deaths is the life expectancy conditional on gender and on surviving
to the age at which the excess death occurred. The total YLL for the at risk population is simply the sum
of these YLLs over all excess deaths, which could occur at any age. This YLL is equivalent to the area
between the survival curve for the population at risk in a PBC and the counterfactual survival curve for
the same population but not at risk from membership of the PBC. The difficultly is that routinely
available data do not provide any information about the size of the population at risk or its age and
gender distribution. All that is routinely available are observed deaths (by age and gender). Therefcre, it is
not possible to directly estimate excess deaths or compare sutrvival curves.

Even if the size of the at risk population is unknown we can still use information that might be awvailable
about its age and gender distribution (or make reasonable assumptions) to estimate a matched ‘normal’
LE using life tables for the general population - such a LE summarises the area under 'the counterfactual
survival curve. Unfortunately, it is not possible to also calculate the LE for the pepulation at risk in the
PBC (or represent the survival curve) without information about the size of the at’risk population - if it
was possible the difference between these life expectancies would approximare the YLL per patient at risk
in a PBC.

Fortunately, we can still recover a consistent estimate of YLL using observed deaths and a LE that
represents the normal LE of a matched population that is not agtisk. This requires all observed deaths -
both those that occur below and those that occur above this 1E to be taken into account. Those deaths
occurring below LE generate YLL - compared to the averagé of a matched population not at risk.
However, we must also account for those deaths that ¢ccar at ages above LE. These deaths generate life
years ‘gained’ (YLG) compared to the average of aimatched population not at risk. Therefore, the
appropriate estimate is a net YLL (i.e., YLL — YLG)."In effect, by subtracting YLG from YLL we take
account of the fact that not all deaths below L.Eare excess deaths but some deaths above LE are (see
Appendix C for more formal explanation of the equivalence of these ways of calculating YLL).40

Using the life excpectancy of the general population

Routinely available data provides'the age and gender of observed deaths but no information about the age
and gender distribution of the at tisk population itself. Using observed age and gender at death as an
indication of the distribution of the at risk population will significantly overestimate the LE of a normal
matched population insofar as'a disease may be chronic (not all PBC mortality occurs on entry into the at
risk population), and that PBC related mortality risk may increase with age (see Table C14 Appendix C).*!

% These ‘coutiteifactual’ deaths will occur in the other PBCs insofar as all deaths are recorded in an ICD codes.
Therefore; we take account of the unavoidable fact that everyone must die of something at some time. For
example] evesYif all observed cancer mortality was avoidable and could in principle be eliminated with sufficient
expénditure, lives would not be ‘saved’ but deaths delayed and reallocated to other causes. Note that the outcome
elasticities are based on PBC mortality that is sensitive to changes in expenditure (i.e., is avoidable) at the margin so
110 assumptions about how much of the PBC mortality is avoidable is required.

0 Simply taking the difference between a fixed LE and the age at death of deaths that occur below LE and ignoring
those death that occur above LE, would only provide the correct figure if it is reasonable to assume that no deaths
would have otherwise occurred prior to LE (so all ‘normal’ deaths must occur at LE) and that there are no deaths
(survivors) beyond LE in the at risk population, i.e. all deaths below LE are excess deaths and there are no excess
deaths above LE.

#If risk increases over the disease duration more deaths would be observed in groups that have been prevalent for
some time (i.e., are older) than those that are incident. Also if PBC related mortality is higher for older age groups
they will be overrepresented in observed deaths compared to a matched normal population. For both reasons LE,
YLL and cost per life year would be overestimated using age at death as a proxy for the age distribution of the at
risk population.
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In the absence of additional external information the net YLL could be based on the life expectancy of
the general population, reflecting its current age and gender distribution. These are reported in Table 4.3
and illustrate the impact of accounting for counterfactual deaths in the way described above. The YLL
reported in column 5 of Table 4.3 are calculated the same way and are the same as the figures previously
reported (column 5 of Table 4.2). That is, they do not account for deaths that would have otherwise
occurred below LE or the very many deaths that occur above LE. With the exception of PBC18&19
many death occur above the LE of the general population (see column 4 in Table 4.3) in all PBCs. As a
consequence there are LYG associated with all other PBCs (see column 6) so the net YLL in column 7
are lower than YLL based on the same life expectancy. Therefore, failure to account for counterfactual
deaths would lead to an overestimate of the YLL associated with a PBC and the effects of expenditure on
YLL. Consequently the cost per life year threshold would be underestimated (see Table 4.6).

Table 4.3: Net YLL using life expectancy of the general population
Average 2006-2008
LE of LE of Deaths Deaths -
PBC Males Females <LE >LE YLL & Net YLL
[1] 2] 3] 4 [5] 16 [7]
1 Infectious diseases 80.7 84.4 3,710 3,248 62,052 18,796 43,256
2 Cancer 80.7 84.4 95213 35,597 1,345,038 175,350 1,169,689
4 Endocrine 80.7 84.4 4,000 2,764 65,016 15,864 49,152
7  Neurological 80.7 84.4 8,975 6,378 145,529 34,621 110,908
10 Circulatory 80.7 84.4 82,099 77,752 016,192 444,694 471,498
11 Respiratory 80.7 84.4 30,500 34945 < (310,334 215,829 94,505
13 Gastro-intestinal 80.7 84.4 15,827 8,320 275,308 45,295 228,012
17 Genito-urinary 80.7 84.4 4,198 6,427 39,099 40,530 -1,431
18+19  Maternity & neonates 80.7 84.4 226 0 [ 17,167 0 17,167

However, these figures are only correct insofar as the distribution of age and gender in each PBC is
similar to the general population. For example, if the at risk population tends to be younger the correct
LE for the PBC will be lower and the net YLL will also tend to be lower. Similarly if the at risk
population tends to be older than the general populatiorr the correct LE will be higher and net YLL will
also tend to be higher.®? This explains the apparent net gain in YLL (negative net YLL) for PBC17
(Genito-urinary) where most deaths occur-atages greater than the LE of the general population so that
LYG exceeds YLL. As we are able to show later'(see Table 4.4) this is because the age distribution in this
PBC tends to be older than the general’papulation, i.e., the LE for a matched normal population should
be higher with fewer deaths above and more below this LE.

Using additional information aboutage.and gender distribution

It is evident that estimates of ¥LL require some account to be taken of counterfactual deaths. In the
absence of routinely available information this requires examination of alternative sources of information
which might provide 2 basis for more credible assumptions about the age and gender distribution of the
PBC populationthan-either, the distribution of observed deaths or the general population.* The WHO
Global Burden-of Disease (GBD) study, updated in 2008 using 2004 data (see Addendum 1 in Appendix
C for more details)* provides a range of summary health indicators for the UK, which are, in part, based

# Ahigher (lower) LE will mean that there are more (less) deaths below LE, each generating more (fewer) YLL and
fewer (more) deaths above LE each generating fewer (more) LYG.

43 Although this research was not funded to purchase access to GPRD data we were able to examine a sample of it
which comptised of 22,313,086 rows/patient—ICD10 events (3 digit) representing 4,229,910 patients with data on
new diagnosis of diseases observed between 1 Jan 2006 and 24 June 2011 (see Addendum 1 in Appendix C).
Although GPRD data could, in principle, provide this type of information the difficulties of reliability, face validity
and interpretation of the sample data in the form available to us meant that it was not directly useful. We discuss
the potential value of other sources of information, including GPRD in Chapter 5.

#We are aware that the 2000-2002 WHO GBD study and the update which was published in 2008 using 2004 data
has itself recently been updated. However, the report and tools where not publically available at the time this
research was conducted. We discuss the potential of future sources of information in Chapter 5.
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on estimates of the incidence of sequelae associated with different types of disease by age and gender®.

Therefore, the type of information used by WHO in the GBD Study to generate summary estimates for
the UK can also be used to improve the assumptions required about the age and gender distribution of

the PBC populations. Importantly, at this stage, we do not need to rely on estimates of the absolute size
of the at risk population, but only the relative ‘share’ by age and gender.

GBD classifies diseases by U-codes, which are groups of three digit ICD-10 codes (see Addendum 1 in
Appendix C for details of how U-codes map to ICD-10 codes).* Since we know which ICD codes
contribute to each PBC we can map information from U-codes to PBCs via the ICD codes that
contribute to each. The resulting average age and life expectancy for each PBC is reported in columns 3
and 4 of Table 4.4 using the information available from GBD in combination with life tables for the
general population.

Table 4.4: Average age and life expectancy for PBCs based on GBD

Average age of TF of at risk
general LE of general Average agein ) population
PBC Sex population population PBC (GBL) (GBD)
1] 2 (BN ]
1 Infectious diseases m 38.5 80.7 2 79-6
f 40.8 84.4 £.30.2 83.6
2 Cancer m 38.5 80.7 61.3 83.0
f 40.8 84.4 52.3 84.7
. m 38.5 80.7 44.2 81.0
4 Endocrine f 40.8 844 50.8 84.7
. m 38.5 80.7 24.8 79.6
7 Neurological £ 408 U 844 235 833
. m 38.5 80.7 55.4 83.0
10 Cireulatory £ 408 1)) 844 57.9 86.5
11 Respiratory m 38.5 80.7 32.1 80.3
piratoty £ 4085 84.4 33.7 84.0
. . m 385 80.7 35.8 80.6
13 Gastro-intestinal P . 108 844 41.9 845
17 Genito-urinary m | 38.5 80.7 63.2 83.5
f N\ 40.8 84.4 473 85.6
. m 38.5 80.7 3.0 78.7
+ '
18+19  Maternity & neonates f‘__ 408 g4 4 241 831

These summary estimates suggest that some of the PBC populations may be on average be older than the
general population (e.g., Canceéi, Circulatory and Genito-urinary PBCs) or younger (e.g., Maternity &
neonates, Infectious diseases and NMeurological). However, when trying to interpret these summaries it
should be noted that the average age reported in Table 4.4 is the average over the ages at which sequelae
occur within the ICDs contributing to the PBC. Therefore, a similar average age can reflect very different
age distributions.. $omig reflect a markedly bimodal distribution, e.g., Respiratory, where there is high
incidence at very young and older ages, or very different age distributions across the type of diseases that
contribute tothe PBC. For example PBC7 (Neurological) includes dementia which accounts for the vast
majority of the YBC population older than 70. However, a greater proportion of the population is in

$WHO, through the National Burden of Disease toolkit reports UK specific information about the incidence and
duzation of sequelae associated with different types of disease by age and gender. Since it is possible that a patient
finay experience more than one of the types of sequelae reported in GBD we use the gender and age distribution of
the sequelae with the highest prevalence (evaluated as incidence x duration) to evaluate the age and gender
distribution within each disease, i.e., the minimum estimate of prevalence consistent with these figures (see Section
C2.1.3 and Addendum 1 in Appendix C).
4 Throughout the analysis in Chapter 4 mortality, life years and QALY were not assigned to procedural ICD codes
(Section C2.1.3 Appendix C) as these are likely to be evident in other ICD codes related to the procedure. This
means that no health effects are associated with PBC 22 Social Care (which only includes procedural ICD codes),
although changes in expenditure on PBC 22 are included. This is likely to overestimate the threshold because any
health effects associated with PBC 22 will not be reflected in the estimated outcome elasticities of other PBCs unless
the effects happen to be correlated with changes in expenditure in those other PBCs.
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much younger age groups with other conditions, especially migraine (see Addendum 1 Appendix C).
When interpreting these summary estimates it should also be noted that the reported life expectancies are
not the life expectancies at the average ages reported in column 3, but the average over the life
expectancies for each age group within the contributing ICDs weighted by the age distribution of
sequelae from GBD U-codes.

The implications for net YLL of using these PBC specific estimates of ‘normal’ life expectancy are
reported in Table 4.5. As expected, the net YLL for those PBC with a LE greater than the general
population are higher than those reported in column 5 in Table 4.3 (e.g., PBC10 Circulatory and PBC17
Genito-urinary, which now has positive net YLL). Similarly those PBCs with a LE less than the general
population have lower net YLL than reported in column 5 in Table 4.3 (e.g., PBC1 Infectious diseases
and PBC18 & 19 Maternity & neonates, where the effect of a lower LE is more modest as there are no
deaths above either of the estimates of LE).

Table 4.5: Net YLL using life expectancy for each PBC

Average 2006-2008 !
LE of LE of Deaths |
PBC Males  Females <LE >LE YLL YLG i Net YLL
1 [2] [3] [4] 5] B> N\ [7]
1 Infectious diseases 79.6 83.6 3,498 3,460 58,686 17124 36,962
2 Cancer 83.0 84.7 101,203 29,607 1,473,733 126,549 1,347,184
4 Endocrine 81.0 84.7 4,068 2,696 66,283 15,058 51,225
7  Neurological 79.6 83.3 8,370 6,983 135,686 41,770 93,917
10  Circulatory 83.0 86.5 96,694 63,157 1,102:620 278,251 823,768
11 Respiratory 80.3 84.0 29,549 35,897 298,343 230,313 68,030
13 Gastro-intestinal 80.6 84.5 15,824 8,323 |n. 273117 45,414 227,703
17 Genito-urinary 83.5 85.6 4,969 5.655 47,229 29,101 18,127
18+19  Maternity & neonates 78.7 83.1 226 ~\ 16,801 0 16,801

The impact on the cost per life year threshold of theissues discussed in Sections 4.1, 4.2 and 4.3 are
summarised in Table 4.6 (see Table C16 in Appendix C tor detailed breakdown of changes in spend and
YLLs across PBCs).

Using cut-off in estimating YLL. (ONS) Using net YLL estimates
cut-off of LE of Using LE of the Using LE of j[he
cut-off of 75 the GP Gp PBC population
(GBD)
N\ 1] 2] [3] [4]
big 4 PBCs £10,398 £5,487 £10,421 £8,080
11 PBCs (with mortality) £20,031 £10,660 £19,928 £15,028
All 23 PBCs (zero health effects for remaining -
12 PBCs) £73,697 £39,218 £73,317 £57,497
All 23 PBCs (non-zero hesldh effects for .
remaining 12 PBCs, except GMS)* £22,639 £12,048 £22,523 £17,663

* in PBCs without 2 moztality signal, health effects were estimated by valuing changes in expenditure at the same rate as observed
in PBCs for which there was a mortality signal.

Using ©ONS-data to calculate YLL in the same way as the published NHS IC figures, but overcoming
sorfie of the issues associated with the reporting of mortality at PCT level and the coverage of published
esumates of YLL (see Section 4.2.1), generates similar estimates of a cost per life year threshold (see
column 1 Table 4.6) to those reported in Chapter 3. Calculating YLL in the same way, but based on the
lite expectancy of the general population significantly overestimates YLL for the reasons set out in
Section 4.2.2 so underestimates the cost per life year threshold (see column 2). Taking account of
counterfactual deaths by calculating net YLL based on the life expectancy of the general population (see
column 3) provides similar estimates to those reported in Chapter 3. Assuming that PBC populations
have the same age and gender distribution as the general population when the, albeit limited, information
that is available suggests otherwise, seems inappropriate. Therefore, our preferred central estimate of the
cost per life year threshold is reported in column 4. These are lower than those based on the general
population, reflecting the impact on net YLL of evidence that the population at risk in some key PBCs
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(especially PBCs 2 and 10) tend to be older than the general population. In Section 4.2.5 we consider
extreme upper and lower bounds that might be placed on this central estimate.

4.2.4 Inferring excess deaths

We have been able to establish a measure of net YLL, which takes account of deaths that would have
occurred anyway below a normal LE for the PBC population (i.e., not all deaths observed in a PBC are
excess) and that some deaths observed above this LE would not otherwise have occurred at that age (i.e.,
some of these deaths are excess). As explained in Section 4.2.3, net YLL calculated in this way is
equivalent to first establishing the number of excess deaths at each age, then calculating YLL for each
excess death (based on the LE conditional on the age at which each excess death occurred) and thei
summing these YLL across all excess deaths (i.e., across all ages). In other words, the estimates of net
YLL imply a number of excess deaths required to generate them in each PBC. Therefore, it is possible‘to
solve for the total number of excess deaths based on the net YLL and the average YLL per olsserved
death.*” The net YLL divided by the average YLL per death provides the number of excess deaths
required, which on average will generate the estimated net YLL.#

The implied excess deaths associated with net YLL based on the LE of the PBCs {see column 7 Table
4.5) are reported in Table 4.7. With the exception of PBC18&19, excess deaths i€ some proportion of
total observed deaths in each PBC. The proportion of excess deaths differs by PBC reflecting the
distribution of deaths relative to the LE of the PBC.# For example, in those PBCs where a large
proportion of deaths occur below LE (see column 3 and 4) excess deaths teiid to be greater proportion of
total deaths (e.g., PBC2, 13 and 10). Where most deaths occur above LE excess deaths as a proportion of
total deaths tend to be lower (e.g., PBC1, 11 and 17).

Table 4.7: Excess deaths implied by net YLL

YLL per
observed Exzcess Total % excess
PBC Net YLL death I deaths deaths deaths
1] 2] I 3] [4] [5]
1 Infectious diseases 36,962 134 2,797 6 958 40%
2 Cancer 1,347,184 i4.1 95,715 130 810 73%
4 Endocrine 51,225 1377 3,769 6764 56%
7  Neurological 93,51 13.7 6,909 15353 45%
10  Circulatory 823,768 10.5 79,218 159 851 50%
11 Respiratory 68,030 9.2 7,386 65 445 11%
13 Gastro-intestinal 227,703 15.2 15,199 24 147 63%
17 Genito-urinary 18,127 8.3 2,172 10 625 20%
18+19  Maternity & neonates b 16,801 73.9 226 226 100%

Estimates of net YL and changes in life years due to expenditure (see Table 4.5 and 4.6) have already
accounted for the factthat not all deaths are excess and don’t generate YLL. Nevertheless, solving for
the number of implied excess deaths associated with these net YLL estimates allows a comparison of the
cost per excess and observed PBC death avoided and an examination of the interpretation that can be
placed of‘the lite years expected to be gained from an excess or observed death averted. Since only
deaths ¢bserved in the PBC can used to estimate the effects of expenditure (excess deaths are not directly

" The average of the sum of the YLLs for every observed death where the YLL for each observed death is the
difference between age at death and LE conditional on age of death.

4 In the absence of information about the age distribution of excess death this assumes that the average YLL
associated with observed and excess deaths are similar. Insofar as excess deaths are thought likely to generate more
YLL than observed deaths the number of excess deaths will tend to be overestimated. This would tend to
underestimate the cost per excess death averted. However, the cost per life year estimates remain unchanged and do
not require such an assumption.

# The impact of the age distribution of deaths and the age distribution of the at risk population (summatised as LE)
on the calculation of excess deaths is not always obvious as both will affect the numerator (net YLL) as well the
denominator (average YLL per death) in this calculation.
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observed since they rely on an unobserved counterfactual population and would occur outside the PBC),
the outcome elasticities can be interpreted as the proportionate change in observed PBC mortality due to
a proportionate change in PBC expenditure. Equally, however, they can also be interpreted as the
proportionate effect on excess death due to a proportionate change in expenditure so can be applied to
either total observed or total excess deaths.>

The cost per excess death and the cost per PBC death averted are reported in Table 4.8 (see Table C19 in
Appendix C for a detailed breakdown of changes in spend and excess or PBC deaths across PBCs). The
cost per PBC death averted is, of course; significantly lower than the cost per excess death as excess
deaths are only a proportion of total deaths (see Table 4.7). Also the cost per PBC death averted are
substantially lower than those reported in Chapter 3 (see, Tables B8.22 and B8.23 in Appendix B), sirice
these estimates do not restrict the effects of expenditure to PBC deaths under 75.5' The cost per PBC|or
excess death averted (or life saved) should not be over interpreted because they are of little direce policy
interest since lives are never saved (death is only delayed) and the significance of a death averted depends
critically on how long it is averted for (the life years gained — see Table 4.6) and the quality et life/in which
additional years are lived (see Section 4.3).

Table 4.8: Summary of the cost per death averted threshold

Cost per excess {7 Cost pet PBC death
death averted, £ averted, £
DAY 2]
big 4 PBCs £915129 £32,8604
11 PBCs (with mortality) £1T7,692 £64,774
All 23 PBCs (zero health effects for remaining 12 PBCs) £653,748 £238,310
All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)* | £200,829 £73,208

* in PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as observed
in PBCs for which there was a mortality signal.

However, establishing the number of excess and PBC deaths averted which are associated with net YLL
is useful because it enables an assessment of the mimber-of life years gained associated with each death
averted. On average across all 11 PBCs each excess death averted is associated with 11.4 life years gained.
These are reported for each PBC in Table CZ1in Appendix C and range from 74.3 years per excess death
for PBC 18 & 19 Maternity & neonates to £.3 for PBC17 Genito-urinary. However, clinicians or the
evaluative literature cannot distinguish-whicther an observed death is excess or not. What can be
observed is whether groups of similar patients with and without access to a treatment survive and for
how long. Therefore, it is the life years-2ssociated with each observed death that provides a context that
can be interpreted based on experience and evidence of how effective those interventions that could be

5 Observed PBC mortality that is sensitive to changes in expenditure can be regarded as ‘avoidable’ and it is only
this mortality that.cofitributes to the estimates of outcome elasticities (not all observed mortality is necessarily

mortality is excess whin compared to the counterfactual population but this is unrelated to the question of how
sensitive it is to’expenditure, i.e., observed mortality will be just as sensitive to expenditure whether or not it is
regarded as-excess. Therefore, the estimated outcome elasticities can be applied to either observed PBC deaths or
excess PBCdeaths

51 Recaliyfrom Chapter 3 and appendix B that the measure of mortality that is available at PCT level and used to
¢stimaie the outcome elasticities is restricted to deaths under 75, as are the published estimates of YLL associated
with/them (see Section 4.2.2). However, to restrict effects only to those under 75 would imply that there is no
excess mortality above 75 or equivalently that there are no health effects of PBC expenditure above 75. Rather than
assume no affects of NHS activity in older populations we apply the effects that can be observed to the whole PBC
but account for deaths that would otherwise occurred in our estimate of net YLL in Section 4.2.3. In many respects
whether or not PBC deaths at older ages are as sensitive to changes in expenditure is not critical since any observed
deaths that might be averted at older ages are less likely to generate life years gained because they are more likely to
have occurred anyway in that year (i.c., are excess so generate zero life years gained anyway). Therefore, they will
have very limited impact on cost per life year or subsequently on cost per QALY estimates in Sections 4.3 and 4.4).
For this, and the reasons given in the text, it is the cost per life year rather than cost per death averted, whether
excess or observed, that is of primary interest.
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invested or disinvested tend to be. The average life years expected to be gained associated with each
observed PBC deaths averted takes account of that fact that some deaths that are avoided in the PBC are
not delayed for very long but quickly occur®? elsewhere and do not generate LY gained (i.c., they were not
excess deaths). These are also reported for each PBC in Table C21 in Appendix C and range from 74.3
years per observed death for PBC 18 & 19 Maternity & neonates® to 1.0 for PBC11 Respiratory
problems, i.e., the YLL per PBC death are much lower for those PBCs where a small proportion of
observed deaths are excess. On average across all 11 PBCs each PBC death averted is associated with 4.1
life years gained.

4.2.5 Summary of cost per life year estimates

The sequence of analysis set out above has enabled an examination of the impact of the limitations
associated with the incomplete reporting mortality data at PCT level and incomplete coverage of
published YLL estimates. We have also been able to consider effects above 75 while taking account of
that fact that many deaths would have occurred anyway, despite the limited information available about
the population at risk within a PBC. The GBD Study does provide some information about the age and
gender distribution of the population at risk in a PBC so offers some improvement gver the other
assumptions that would otherwise be required (i.e., that the distribution of age and gender is the same as
the general population or follows the distribution of observed deaths). For thig teason the cost per life
year threshold in column 4 of Table 4.6 and repeated in lines 1 to 4 in Table 4.9 are regarded as the
central or best estimates given the evidence available and the credibility of(alternative assumption that
could be made. As explained in Section 4.1, these are based on the.censervative assumption that any
health effects of changes in expenditure are restricted to one year, which, to some extent, may be offset
by the more optimistic assumption any death averted returns the individual to the mortality risk face by
the general population, matched for age and gender.

Table 4.9: Summary of the cost per life year threshold with upper and lower bounds

Best estimate
Effect of expenditure on mortality: 1 year
Y12l per PRC death averted: ~ 4.1 YLL **
big 4 PBCs £8,080 1
11 PBCs (with mortality) £15,628 2]
All 23 PBCs (zero health effects for remaining 12 PBCs) £57,497 [3]
All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)* £17,663 [4]
Lower bound
Effect of expenditure on mortality: Remainder of disease
YLL per PBC death averted: ~ 4.1 YLL **
big 4 PBCs £3,846 B3l
11 PBCs (with mortality) £6,106 6]
All 23 PBCs (zero health effects for remaining 12 PBCs) £22,463 [7
All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)* £6,901 8]
Upper bound
Effect of expenditure on mortality: 1 year
YLL per PBC death averted: 2YLL
big 4 PBCs £16,432 9]
11 PBCs (with mostality) £32,387 [10]
All 23 PBLs(zero health effects for remaining 12 PBCs) £119,155 1
All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)* £36,604 [12]

* in PECs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as observed
in PBCs for which there was a mortality signal. ** see Tables C14, C15 and C18 in Appendix C

52 What portion of observed deaths are regarded as excess depend on how time is discretised. The data available
reports deaths in annual intervals so in this context ‘quickly’ means within one year. If deaths were reported in
narrower time intervals then a greater proportion of observed deaths would be regarded as excess and in the limit
with continuous time all observed deaths would be excess. Of course, the average YLL associated with them would
be smaller and is approximated by the net YLLs reported in Table 4.5 per observed death (the effects of
approximation is likely to be small but unavoidable as it is due to deaths being reported in annual intervals).

53 This is the same as life years associated with excess deaths since all observed deaths in this PBC are excess.
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It does not seem credible to imagine that NHS expenditure has no health effects in the 12 PBC which do
not have sufficient mortality reported at PCT level to estimate outcome elasticities - what is implied by
the estimate reported in line 3. Therefore, it is the estimates reported in lines 2 and 4 that are of policy
interest. The estimate of £15,628 per life year (line 2) is restricted to the effects of changes in expenditure
in the 11PBCs where outcome elasticities can be estimated. The threshold of £17,663 per life year uses
the estimated health effects of expenditure in these PBC as a surrogate for health effects in the others,
i.e., assuming that the effects that can be observed will be similar to those that cannot. However, no
health effects are assigned to PBC23 (General Medical Services) on the basis that any health effects of this
expenditure would be recorded in the other PBCs.>*

The extreme upper and lower bounds for the cost per life year thresholds in Table 4.9 are based on
making the necessary assumptions about duration of health effects and how long a death might be
averted optimistic (providing the lower bound for the threshold) or conservative (an upper bound for'the
threshold). The lower bound (lines 5 to 8) is based on assuming that health effects are not reswicted to
one year but apply to the whole of the remaining disease duration of the population at risk-in PBCs
during the expenditure year.>> Although this combines optimistic assumptions, it is possible, indeed likely,
that at least some expenditure may have effects on the health outcomes of future patients that are not
currently part of the population at risk in a PBC, e.g., investments or disinvestment iti prevention will
have an impact on populations that are incident to PBCs in the future. Such effectsiare not captured in
any of the estimates presented in this chapter so all are conservative with respect to this type of health
effect of changes in expenditure.

The upper bound (lines 9 to 12) is based on the combination of assuming that health effects are restricted
to one year for the population currently at risk and that any death averted is only averted for the
minimum duration consistent with the mortality data. The/economictrics work used the average of 3 years
of mortality (2006 to 2008), so the estimated outcome elzsticities are based on differences in mortality
that remain after averaging over three years. Therefore ihie estimated effects are based on differences in
observed PBC deaths that must have been sustained, ©n average, for more than a minimum of 2 years.5

4.3 Adjusting life years for quality oflife

The central or best estimates of the costpeér life year threshold, which were presented in Table 4.9 (lines 2
and 4) take no account of the healtli related quality of life in which years of life, expected to be gained or
lost through changes in expenditure; are likely to be lived. Even if attention is restricted to the direct
health consequences of changes in mortality, estimates of the cost per life year will tend to overestimate
the effects of changes in expenditure (underestimate the threshold) compared to a more complete

5+ It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per life year based
only on the 11 PRCs with outcome elasticities because it would imply that GMS only contributes to these PBCs.
Restricting attentionto the 11 PBCs with outcome elasticities but allocating part of the change in GMS expenditure
to them based on'their proportional share of changes in overall expenditure would yield the same cost per life year
as reported-in line 4. It should be noted that including changes in GMS expenditure but not assigning health effects
to this PBC 1s likely to overestimate the threshold because any health effects associated with GMS will not be reflected in
the esfimzated outcome elasticities of other PBCs unless the effects happen to be correlated with changes in expenditure in those
PBCs.

Y Estimates of the duration of disease for each U-code are available from the GBD Study (see Table C22 and
/Addendum 1 in Appendix C). This information is also used in Sections 4.4.

5 Variation in mortality the first year of data will only contribute to these estimates if differences are sustained for a
minimum of 3 years. Similatly variation in mortality in the second (third) year will only contribute if it is sustained
for a minimum of 2 (1) years. If differences in mortality are similar each year (contribute equally to the estimates)
then estimated effects must have been sustained on average for a minimum of 2 years. Since some of the vatiation
in mortality in 1%t year that is not sustained to the 3t year will nevertheless be sustained for 1 or 2 years, 2 life years
per death averted represents somewhat less than the minimum consistent with restricting life years gained to the
observed mortality data. Of course, this is minimum difference in observed rather than unobserved counterfactual
excess deaths. Nonetheless it can be interpreted as an upper bound given the data available and therefore the
analysis that has been feasible.
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measure of health that accounts for the quality in which of the years of life are expected to be lived. In
this Section we examine the ways in which the life years reported in Section 4.2 can be adjusted for
quality, taking account of information that is available about: i) how quality of life differs by age and
gender (see Section 4.3.1), and i) how the quality of life years associated with mortality changes might be
effected by the types of diseases that make up each PBC (see Section 4.3.2). Throughout we continue to
take account for counterfactual deaths in the way described in Section 4.2.3 by making the adjustment for
quality to the life years associated with every observed death before calculating a quality adjusted net YLL.
The implications for a cost per quality adjusted life year (QALY) threshold that only accounts for the
health effects of mortality changes are presented in Section 4.3.3. In Section 4.4 we explore the ways in
which the likely direct effects of expenditure on quality of life (other than through mortality) might alse
be taken into account.

4.3.1 Quality of life based on the general population

The most commonly used metric of health related quality of life in the UK is EQ5D,[94] svhich is
specified in the NICE reference case for methods of technology appraisal.[1] This mettic has 5
dimensions of quality each with three possible levels. Each of these 243 possible heatth states is valued
relative to a score of one, which represents full or best imaginable health (the best scote across all 5
dimensions), and a score of zero, which represents death, based on a representative sample of the UK
population.[95] Therefore, insofar as the years of life expected gained or lostthrough changes in
expenditure would be lived in this state of full health the cost per life yeat thresholds reported in Table
4.9 would also be the cost per QALY thresholds, albeit ones that only accouit for the health effects of
mortality changes. However, unsurprisingly, there is good evidence that, on average, the general
population is not in this state of full health. Therefore, the quality of life score associated with the health
states experienced by the general population are less than 15 dscline with age and differ by gender. These
quality of life ‘norms’ for the general population by age and ¢ender are illustrated in Figure 4.1 based on

1

an analysis of data from the Health Survey for England (HSE).5

Figure 4.1: Quality of life for the general population by age and gender
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These guality of life norms can be applied to the YLL associated with all observed deaths in each PBC,
takizig-account of gender and age at death. The results are reported in column 4 to 6 of Table 4.10.
There dare two effects of adjusting life years for quality: i) since quality of life norms are always less than 1
thejadjusted YLL and YLG are always lower than the unadjusted values in columns 1 and 2 (previously
teported in Table 4.5); and ii) deaths above LE are necessarily at older ages with poorer quality of life
norms than those below, so the difference between adjusted and unadjusted values is greater for YLG

57 See Addendum 1 in Appendix C for a description on HSE data and section C2.2.1 of appendix C for the analysis
of quality of life norms illustrated in Figure 4.1.

55



than YLL. The overall effect of quality adjustment on net YLL is the balance of these two effects. The
overall effect of quality adjustment is to reduce the net YLL (compare Colum 6 and 3).5

Table 4.10: Net YLL adjust for the quality of life ‘norms’

Unadjusted life years Quality adjusted life years
PBC YLL YLG Net YLL YLL YLG Net YLL
[ 2] 3] [4] ] 6]
1 Infectious diseases 58,686 21,724 36,962 47,481 14,618 32,804
2 Cancer 1,473,733 126,549 1,347,184 1,143,445 84,036 1,059,409
4 Endocrine 66,283 15,058 51,225 52,856 9,973 42,883
7 Neurological 135,686 41,770 93,917 109,349 28,262 81,087
10  Circulatory 1,102,020 278,251 823,768 848,046 183,330 664,717
11 Respiratory 298,343 230,313 68,030 231,578 154,743 76,835
13 Gastro-intestinal 273,117 45,414 227,703 216,256 30,277 185,979
17 Genito-urinary 47,229 29,101 18,127 35,929 18,947 16,982
18+19  Maternity & neonates 16,801 0 16,801 14,568 0 . 14,568

The quality adjusted net YLL figures in column 6 suggests that the health effects of mortality are lower
than when relying only on unadjusted life years in Section 4.2. Therefore, the health effects of changes in
expenditure on this more complete measure of health are lower. The implicatiofis’of these adjustments
on a cost per QALY threshold that only accounts for the direct health effects of mortality are reported in
Table 4.11. As expected the cost per QALY threshold based on adjusting the life years gained or lost
(column 2) is higher than a threshold based on unadjusted life years (columri“i and previously reported in
Table 4.9).

Table 4.11: Summary of cost per QALY threshold based on pepulation norms and mortality
effects

Cost per life ye;r threshold

Cost per QALY threshold
Population norms
2]

big 4 PBCs £2.080 £9,631
11 PBCs (with mortality) £15628 £18,622
AI23PBCs* £17,663 £21,047

* in PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as observed
in PBCs for which there was a mortality signal except GMS.

4.3.2 Adjusting age related quality of life for disease decrements

Adjusting life years for age and gender related quality of life norms assumes that any life year gained
through a change in expenditure would be lived in a similar quality of life to the general population. Itis
possible however, that/patients benefiting from reduced mortality may, nevertheless, continue to be
effected by the typeof discases that make up each PBC and experience the quality of life associated with
the original disease.

The Health Qutcome Data Repository (HODaR)[96] provides over 30,000 observations of EQ-5D
measutes‘of quality of life by ICD code and the age and gender of the patients in the sample (see
Addenduni 1 Appendix C). Although this is a rich UK data set, there were a limited number of
obséivations for some of the less common ICD codes. For this reason HODaR was supplemented with
information from the Medical Expenditure Panel Survey (MEPS)[97] which also provides EQ-5D by
1CD and reports the average age of respondents (see Addendum 1 Appendix C). These data provided a
means of estimating the quality of life associated with each ICD code at the average age of respondents in
the pooled sample.”® The quality of life associated with each PBC can be expressed as an average of the

58 The only exception is PBC11 (Respiratory) which has a large proportion of deaths occurring above the life
expectancy of the PBC population (see Table 4.5).

3 ICD estimates of the quality of life score and age were pooled across datasets by considering the number of
patients from each dataset contributing to estimates, i.e. a weighted average.
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quality of life associated with its component ICDs.% The quality of life effects of being in each PBC can
then be expressed as a disease related decrement compared to the population norms at the same age (see
Table C29 in Appendix C). This is illustrated for PBC1 (Infectious disease) in Figure 4.2, where the
weighted average of quality of life scores across the component ICD codes was 0.667, at an average age
average age of 54 for male respondents. Since the quality of life norms for males age 54 is 0.859 this
suggests a decrement associated with membership of PBC1 of 0.192, which can then be applied to quality
of life norms by age.®!

Figure 4.2: Quality of life for males in PBC1 (Infectious disease) and the general population by

norm males

--------- diseased males

Qol score
o
[(e]

0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5

...................

Age

Quality of life norms adjusted for disease related decrements can be applied to the YLL associated with
observed deaths in each PBC, taking account of gender and'age at death in the same way as Section
4.3.1.2 The results are reported in column 4 to 6 of Table4.12 The overall effect of quality adjustment
that also applies a disease related decrement is to reduce the net YLL to a greater extent than adjustment
with population norms alone (compare column 6 ity Table 4.12 to column 6 in Table 4.10).

0 The average quality of life scotes across the ICDs which conttibute to each PBC and the average age and gender
of respondentswere used to calculate a PBC disease related decrement based on quality of life norms from the
general population. This ‘PBC decrement’ could then be applied to each observed death and the age at which each
life year was-gained or lost. In Section 4.4 information about the relative share of different types of disease (U-
codés)yavithin a PBC and the information about which ICDs are more likely to contribute to the effects of changes
i PBCexpenditure are explored.

&i-In/principle it would be possible to estimate disease related disutility by age rather than assume a fixed decrement.
HODaR does provide age for each reported quality of life score but MEPs only provides average age of
respondents in published summaries. However, even with access to ‘raw’ scores and the age and gender of each, it
is very unlikely that there would be sufficient data to estimate age related decrements in each of the component
ICDs. It would, however, be possible to assume a proportionate rather than fixed decrement by age. Since the
average age of respondents in the pooled HODaR and MEPs sample tends to be older than the age distribution of
the PBC populations (see Table C29 and C13 in Appendix C) this would tend to increase the quality adjusted net
YLL and reduce the cost per QALY threshold compared to the fixed decrement applied here.

®2 The quality of life score was applied to each observed death considering the age at which each life year was
gained or lost (from ONS) the ‘PBC decrements’ from HODaR and MEPS.
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Table 4.12: Net YLL adjusted for disease and age related quality of life

Unadjusted life years Quality adjusted life years
PBC YLL YLG Net YLL YLL YLG Net YLL
(1] 2] 3] [4] 3] [6]
1 Infectious diseases 58,686 21,724 36,962 37,055 10,793 26,262
2 Cancer 1,473,733 126,549 1,347,184 955,690 67,930 887,760
4 Endocrine 66,283 15,058 51,225 43,394 7,844 35,550
7 Neurological 135,686 41,770 93,917 68,893 15,842 53,050
10  Circulatory 1,102,020 278,251 823,768 656,145 135,241 520,905
11 Respiratoty 298,343 230,313 68,030 169,269 106,505 62,764
13 Gastro-intestinal 273,117 45,414 227,703 163,593 21,677 141,916
17 Genito-urinary 47,229 29,101 18,127 29,749 15,152 14,598
18+19  Maternity & neonates 16,801 0 16,801 13,662 0 13,662

It should be noted that combining quality of life adjustments for both population norms and disease
related decrements assumes that any life years gained due to a reduction in mortality will be lived in the
diseased state until life expectancy, i.e., that all diseases are not just chronic but disease diiration is
lifelong. Inevitably this assumption means that the health effects of changes in mortality wiil be reduced.
Consequently the cost per QALY threshold reported in Table 4.13 (column 2) will be higher than

adjusting life years gained for population norms in Table 4.11.

Table 4.13: Summary of cost per QALY threshold based on disease ¢eiated decrements

Cost per life year threshold

1

Cost per QALY gaificcl
Disease related decrernents

[2]

big 4 PBCs 18,080 £12,109
11 PBCs (with mortality) £15,628 23,395
All 23 PBCs* £17,663 26,441

in PBCs for which there was a mortality signal except GMS.

4.3.3 Summary of the cost per QALY threshold based only on mortality effects

The analysis to this point is summarised in ‘Table’4.14. The three estimates of a cost per QALY threshold
are based on assuming that each life year gained is either: lived in full health (see column 1, equal to the
cost per life year estimates in Table(4.9), tived in a quality of life that reflects age and gender norms of the
general population (column 2); or lived-iti a quality of life that reflects the original disease state (column
3).

Assuming that life years gained-are lived in full health is not credible and should be regarded as an
underestimate of the threshold, given what is known about quality of life norms for the general
population (see Figute 4:1). Equally, assuming that all life years gained are lived in the quality of life of
the original disease state does not seem credible either and is likely to overestimate the threshold since it
assumes that all discase is not only chronic but lifelong and all life years would be lived in the diseased
state until deaeni® Although adjusting life years gained for the quality of life of the general population
taking acconnt of age and gender (in column 2) is likely to underestimate a cost per QALY threshold
based only on mortality effects, it probably represents the ‘best’ of the three alternative estimates available
at this'srage of the analysis (see Section 4.4.2 for how analysis based on measures of QALY burden allows
this assumption to be relaxed).% The lower and upper bounds are based on combining optimistic and

93 The information that is available about disease duration suggests that many types of disease that comprise the
PBCs are not chronic and certainty not lifelong (see Table C22 in Appendix C). In Section 4.4 we take account of
quality of life experienced while alive in the diseased state.

% In section 4.4.2 measures of QALY burden are used as the basis of estimating the health effects of changes in
expenditure. This analysis applies the estimated proportionate effect of changes in expenditure on life year burden
of disease to measures of the total QALY burden. This is equivalent to assigning a proportional adjustment to the
quality of life with disease to life years gained.
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pessimistic assumptions about the duration of health effects and how long a death might be averted as
described in Section 4.2.5.

Table 4.14: Summary of QALY threshold estimates based only on mortality effects

(1]

2]

(3]

(QoL score =1) (QoL norm) (QoL diseased)
Best estimate
Effect of expenditure on mortality: 1 year 1 year 1 year
YLL per death averted: ~4.1YLL ** ~4.1YLL ** ~4.1YLL **
QALY per death averted ~4.10ALYs ~3.50ALYs ~2.80ALYs
big 4 PBCs £8,080 £9,631 £12,109 1]
11 PBCs (with mortality) £15,628 £18,622 £23,395 2]
All 23 PBCs* £17,663 £21,047 £26,441 &
Lower bound -
Effect of expenditure on mortality: Remainder of disease Remainder of disease  Remainder of disease
YLL per PBC death averted: ~4.1YLL ** ~4.1YLL ** ~LTYTL
QALY per death averted ~4.10ALYs ~3.50ALYs ~28CALYs
big 4 PBCs £3,846 £4,252 £5,319 [4]
11 PBCs (with mortality) £6,106 £6,852 £8,568 5]
All 23 PBCs* £6,901 £7,744 £9,683 6]
Upper bound
Effect of expenditure on mortality: 1 year 1 year 1 year
YLL per PBC death averted: 2YLL 2 YIL 2YLL
QALY per death averted 20ALYs ~I9OALY s ~1.50ALYs
big 4 PBCs £16,432 £17,456 £21,747 [7]
11 PBCs (with mortality) £32,387 £34,492 £42,967 8]
All 23 PBCs* 136,604 £38,983 £48,561 9]

* in PBCs without a mortality signal, health effects were estimated by valuingchanges in expenditure at the same rate as observed

in PBCs for which there was a mortality signal except GMS.

** see Tables C14, C15 and C18 in Appendix C

However, it should be noted that these cost per QALY thresholds only account for the direct health

effects of changes in mortality due to changesinexpenditure. Insofar as much, or at least some, of NHS
activity and expenditure is intended to improve quality of life, not just mortality, then these estimates will

underestimate total health effects and cverestimate a cost per QALY threshold based on a more complete
measure of possible health effects. /inSection 4.4 we explore the ways in which the likely effects of
expenditure on quality of life (other than/ through mortality) might also be taken into account.

4.4 Including quality of life effects during disease

The cost per QALY thtesholds presented in Section 4.3 only account for the health (QALY) effects of
changes in mortality due to'changes in expenditure. It does not seem credible to suppose that all NHS
activity and expenditute only influences mortality with no effect on the quality of life while alive and
experiencing a disease. Insofar as changes in NHS expenditure will also affect quality of life as well as
mortality théirtotal health effects will be underestimated and the thresholds presented in Table 4.14 will

overestimiate the cost per QALY threshold. In this section we explore ways to also take account of those

effects/onhealth not directly associated with mortality and life year affects (i.e., the ‘pure’ quality of life
effects) to estimate an overall cost per QALY threshold.

Theé/routine reporting of quality of life outcomes are increasingly available at PCT level (see Addendum 1

in Appendix C for a description of these data). In principle, the variation in such measures of outcome

across PCTs could be used to estimate outcome elasticities for quality of life rather than mortality effects

using similar econometric methods to those described in Chapter 3 (see Section B8.8 in Appendix B for

the results of an exploratory econometric analysis of these data). However, the currently limited coverage

of routine reporting of these outcomes means that it is not feasible to estimate quality of life effects

across all the PBCs using these data. In Section 5.8 we discuss how these data might be used to improve
estimates of the threshold as the coverage and routine reporting of quality of life outcomes improves and

how the analysis presented in Section 5.3 might help prioritise reporting in particular areas (i.e., those
PBCs and ICD codes that have the greatest influence on estimates of the threshold).
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Here we explore how estimates of effects of expenditure that can be observed (i.e., on mortality) can be
used to infer the likely effects on what cannot be directly observed (quality of life), rather than making
extreme assumptions that are not credible (e.g., assuming that changes in expenditure will have no effects
on quality of life outcomes).

In Section 4.4.1 we use three alternative estimates of the ratio of QALYs to life years lost due to different
types of disease as a means of inferring the change in QALY that is likely to be associated with the
estimated change in YLL, i.e., applying the total QALYSs lost associated with each YLL with disease. This
is consistent with regarding the estimates of the mortality and life year effects as a surrogate for a more
complete measure of the health effects of a change in expenditure.

However, these ratios of QALY lost to life years lost due to disease in those PBC where outcorge
elasticities could not be estimated cannot inform estimates of the threshold (there are no estinzated life
year effects with which to apply the ratios). Nonetheless, the sources of information on whicl ratios are
based also provides much of the information required to calculate the QALY burden of disease in these
areas, which can be used to inform estimates of the threshold. Therefore, in section4.4.2 we use
estimates of the QALY burden of disease, infer a proportionate effect on burden from the estimated
effects on life years, and then apply this proportionate effect to the measures of QALY burden for all the
other PBCs. In this way we can use all the information available about the mertality and quality of life
effects of the different types of disease that make up each PBC, including thcse where mortality based
outcome clasticities are not available.

4.41 Using ratios of QALYs to YLL

The ratio of the total QALY to years of life lost (YLL) due t6 2 disease indicates the number of QALY
associated with each YLL. Therefore, any change in YLL/is likely to generate a number of QALY
indicated by the ratio - if it is reasonable to interpret the estimated effects on mortality and life years as a
surrogate for a more complete measure of total health effects. For example, a disease with a ratio greater
than 1 suggests that each YLL across the at 1isk population is associated with more than one QALY, i.e.,
where there are significant quality of life etfects while experiencing the disease.®> Therefore, a change in
expenditure that leads to 1 life year gairied1n this type of disease maybe expected to generate more than
one QALY and a greater QALY effect thati the same life year effects in a disease where this ratio is less
than 1, i.e., where most of the effectof disease is on mortality rather than quality of life. Therefore,
information which allows these ratios to be estimated for the diseases that make up each PBC provides a
means of accounting for the likely effect on quality of life other than through effects on mortality.

To understand the differences between the three ratios presented below it is useful to regard the total
QALY lost to YLL ratic (%) for a particular disease as the sum of two ratios: i) the QALY's lost due to
premature deathi to YL ratio (Raea)® and ii) the QALY lost during disease (while alive) to YLL ratio
(Rative) (see Section €2.3.1 in Appendix C for more detailed explanation).

DALY to Y Xdiratios

The WHO GBD study provides UK specific estimates of the years of life lived with disability and the
vears-of life lost due to different types of disease (classified by U-codes that can be mapped to ICD-10,
see’Section 4.2 and Addendum 1 in Appendix C). GBD uses Disability Adjusted Life Years (DALYs) as a
measure of the burden of disease. This DALY measure has two components: i) the years of life lived
with disability (YLD), which incorporates weights (between zero and one) to reflect the scale of disability
experienced each year and the number of years lived with disability over the durations of disease; and ii)

% Insofar as YLL would not have been lived in full health (see Section 4.3), the quality of life effects during disease
must offset the less than full quality of life of the YLL to generate a ratio greater than one. Therefore, ratios less
than one are possible even when disease has measurable quality of life effects for those experiencing it.

% The analysis in Section 4.3 already implies an Ryeam ratio at PBC level — see the following main text.
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the years of life lost (YLL). The total DALY associated with a disease is simply YLL+YLD. Therefore,
the DALY to YLL ratio is (YLL+YLD)/YLL ot equivalently YLL/YLL + YLD/YLL. Since the first
term (YLL/YLL = Rgea) must equal one and the second (Raive = YLD/YLL) must be = 0, a ratio based
on DALY's must necessarily be bounded by below by one. This is illustrated in Table 4.15a for four
different types of diseases (classified by U-codes) which reflect diseases where mortality is the major
component (e.g., U016) and where the impact of disease on the quality of life while alive is the major
component (e.g., U141).

Table 4.15a: Examples of DALY to YLL ratios

Ucode DALY ratios  (Rgeath + Rative)
U037 (Other infectious diseases) 1.23 (1+0.23)
U016 (Tetanus) 1.00 (1+0)*

U061 (Mouth and oropharynx cancers) 1.05 (1+0.05)
U141 (Spina bifida) 2.34 (1+1.34)**

* Given the short disease duration, it is only mortality effects that contribute to the ratio
* Quality of life effects during disease contribute significantly to estimates of the ratio

Adjusting DALY's for quality of life norms

The use of DALY ratios bounded below by one essentially assumes that YLL would have otherwise been
lived in a state of full health. As was discussed in section 4.3.1 this is not credible given information
available about the quality of life in the general population (see Figure 4.1). It would lead to over
estimating the QALY associated with mortality and life year effects and underestimating the cost per
QALY threshold. Therefore, it is important to adjust these DALY ratios for the quality of life norms by
age and gender in the same way as described in Section 4.3.1.The effect of this adjustment ¢ is
illustrated in Table 4.15b. Now those types of disease whete mortality rather than quality of life with the
disease is the major component can have ratios less thaa one. Indeed the first term of these ratios (Raeah)
is consistent with, and is implied by, the analysis in-Section 4.3.1 where the ratio of quality adjusted net
YLLs to unadjusted net YLLs represents this ratio ofaverage for each PBC.

Table 4.15b: Examples of modified DALY to YLL ratios

Modified
Ucode DALY tatios  (Rearh + Raiive)
U037 (Other infectious diseases) 101 (0.78+0.23)
U016 (Tetanus) 678 (0.78+0
U061 (Mouth and oropharynx cancers) 0.83 (0.78+0.05)
U141 (Spina bifida) RN\ 2.18 (0.85+1.34)

Using quality of life estimates (based on HODAR and MEPS)

The disability weights tsed in the DALY measure are not based on the same description of health states
as the EQ5D masure; nor are the weights based on a representative sample of the UK population
responding 5 choice based elicitation questions. EQ5D based quality of life decrements (adjustments to
age related-quality of life norms) associated with different types of disease can be estimated from HODaR
and MEPS data (previously described in Section 4.3.2).%8 These disease related quality of life decrements
be eambe calculated for each U-code (based on the contributing ICD codes) so can be used to replace the
DALY disability weights in Raiive reported in Tables 4.14a and 4.14b.% This final adjustment is illustrated

7 Reflecting the quality of life norms for the general population in Figure 4.1 and the distribution of ages and
gender within each U-code (see Addendum 1 in Appendix C).

% Since quality of life effects of different disease states are expressed as age related decrements (see Figure 4.2) we
do not require the HODaR and MEPS samples to necessatily be representative of the age distribution of the
population at risk in the groups of ICD codes that make up each U-code.

% The average quality of life scores across the ICDs which contribute to each U-code (see Addendum 1 for how
ICD codes map to U-codes) and the average age and gender of respondents from HODaR and MEPS were used to
calculate a disease decrement for each U-code, based on quality of life norms from the general population. These
U-code disease decrements can then be applied to the age and gender distribution of each U-code, based on
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in Table 4.1.4c and turns, what were originally, DALY ratios into EQ5D QALY ratios.” For these
reasons we regard the QALY to YLL ratios rather than DALY or modified DALY ratios as the preferred
basis of estimating a cost per QALY threshold that provides a more complete picture of the likely health
effects of changes in expenditure.

Table 4.15c: Examples of QALY to YLL ratios (HODaR and MEPS)

QALY ratios

(HoDAR and
Ucode MEDPs) (Raeath + Raiive)
U037 (Other infectious diseases) 1.37 (0.7840.60)
U016 (Tetanus) 0.78 (0.78+0
U061 (Mouth and oropharynx cancers) 0.80 (0.78+0.02)
U141 (Spina bifida) 1.88 (0.85+1.03)

Allocating effects at PBC level to ICD codes

Table 4.15 illustrate how QALY ratios can be calculated for and differ by U-code.” Unsutprisingly, these
ratios differ across the type of diseases that make up each PBC (see Table C45 in Appendix'C). When
using this information to estimate a cost per QALY threshold the mortality and life year-effects observed
at PBC level must be allocated in some way to the component ICD codes befor¢ 1atios are applied to LY
effects and the resulting QALY effects are summed across all the contributing 1CID codes.” For this
reason it is important to consider how other information might inform the different ways in which the
effects observed at PBC level might be generated by the distribution of imnpacts at ICD level, i.e., where
investment or disinvestment is likely to occur within the PBC and theretore which ICDs are likely to
contribute most to overall health effects.

An important and complementary element to the econormetri¢ analysis of routinely reported information
at PBC level was to investigate whether other information; commonly available at a local level within the
NHS, might provide a useful indication of where, within 2 PBC, investment or disinvestment is more
likely across the NHS. The details of this investigation are reported in Addendum 2 in Appendix C. The
review of local data sources suggested that thete is vety little routinely collected data on investment and
disinvestment by local NHS organisationsdeyand the high-level aggregate data on spending by PB which
are used in the econometric analysis. Although more disaggregated data on spending decisions about
specific services relevant to particular iC1 codes could in principle be acquired through additional

information from GBD about the prevalence and age distribution of each - using information about the incidence
of sequelae associated with them (as described in Section 4.2.3) and information about the durations of disease (see
Table C.22 Appendix C).
7 For example, the evidence about quality of life from HODaR and MEPS suggests that the impact of U037 on
quality of life is greatdr than indicated by DALY disability weights. The quality of life effects of U141, although still
very significant, are lower than indicated by DALY disability weights.
"I Informationrabout’the size and age and gender distribution is only available at U-code level. Therefore U-code
ratios are applied to all the ICD codes that contribute to a particular U-code. Note that, unlike ICD codes, U-codes
do not map-airectly to PBCs so some ICDs in different PBCs may belong to the same U-code and therefore have
the same U-code ratio. Some ICDs are not included in the U-code classification of disease. Most of these are
procedutal codes where we do not assign life year and QALY effects anyway (any health effects would be evident in
other ICD codes), so it was not necessary to impute ratios for them (84 out of 1562). Of the others most were
associated with PBC16 with a zero outcome elasticity so did not require imputation either (186 out of 1562).
Tiputation based on the median ratio across the ICDs within the PBC was required for the remaining (482 out of
1562). Eighty eight of these cannot be mapped into U-codes. The remaining 394 were associated with U-codes
where the ratio was undefined because the denominator (YLL) was zero. In both these cases, values were imputed
based on the median ratio across the ICDs within the PBC. Since the distribution of ratios within a PBC tend to be
highly positively skewed, imputation based on the median is likely to be conservative with respect to health effects
and especially in the latter case where mortality effects appear to be a much less important aspect of the disease.
72 It is important to note that it would be inappropriate to calculate an average of the ratios within a PBC and then
apply this ‘average ratio’ to life year effects at PBC level, rather than calculate QALY effects at ICD level by applying
the relevant ratio. The results, however, can be presented as an implied PBC ratio (i.e., a ratio of averages), see
Table C.43 in Appendix C.
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primary research (surveys or Freedom of Information requests) this would be costly and with a risk that
information acquired in this way may not be complete, consistent or representative.

In the absence of useful information at a local level it is possible to assume that a change in PBC
expenditure will be allocated equally (on a per patient basis) across the component ICD codes, i.e., any
investment or disinvestment is equally likely across the population at risk within the PBC.  Hospital
Episode Statistics (HES) (see Addendum 1 in Appendix C) provides information about the costs
associated with each ICD by PCT so it is possible to establish which ICDs contribute most to the
variability in HES costs within a PBC across PCTs. Those that contribute most to this variance might be
expected to be more likely to have been subject to differential investment or disinvestment across PCTs.72

There are differences in relative weight assigned to ICD based on the size of the population or its
contribution to variance in HES costs. If investment or disinvestment within a PBC tends to foqus on
ICD codes representing areas of marginal value the health effects of a change in PBC expenditure maybe
overestimated and a cost per QALY threshold underestimated when allocating effects equallyacross the
population at risk within each PBC. However, weighting ICDs based on HES data is likely to favour
those ICDs which represent more severe disease requiring more hospital care. This inay over represent
1CDs with lower QALY to YLL ratios if mortality effects tend to be a major component of these types of
disease and maybe conservative with respect to the health effects of changes inexpenditure.

The implications for a cost per QALY threshold that uses the estimated mortality and life year effects as
a surrogate for a more compete measure of the likely heath effects G.e., thatincludes quality of life as well
as quality adjusted life year effects) is summarised in Table 4.16. These tesults use the contribution to
variance in HES costs to ‘weight’ the different ICD codes withifia PBC (allocate the life year effects),
before applying the QALY ratios associated with each ICD (s¢e Table C41 in Appendix C).

Table 4.16: Summary of the QALY threshold using QALY to YLL ratios

DALY ratios ’ NModified DALY ratios o o%ﬁiiﬁii&%m
2 Bl
big 4 PBCs ,gs I | 76419 75,990
11 PBCs (with mortality) 19,958 . [11.718 10297
All 23 PBCs [ipse 113044 [11,638*

* Preferred analysis

The QALY to YLL ratio implied by this analysis for all 11 PBC with outcome elasticities is 1.52, which
suggests that every (unadjusted)lite year is associated with 1.52 QALY on average across these PBCs.
However, this implied QALY ratio differs across these PBCs, ranging from 0.79 in PBC2 to 15.05 in
PBC18+19 (see Table €43 in Appendix C). Since all the analysis in this Section seeks to use the
estimated mortality and lifeyear effects as a surrogate for a more complete measure of likely health
effects, it is the cost pey QALY threshold for all 23 PBCs that is most relevant. As expected this
threshold (£11,638), 15 lower than a cost per QALY threshold based only the quality adjusted life year
effects (£21,047 in“T"able 4.14 that assumes no effects of NHS expenditure on quality of life itself). This
difference gives some indication of the relative importance of QALY effects due to avoidance of
premarire death and the QALY effects of avoiding disability during disease.

Table 4/17 reports how the estimated QALY effects for each PBC can be decomposed into that part
associated with quality adjusted life year effects and that part associated with ‘pure’ quality of life effects.
These results appear credible for the first 11PBCs, where those for which mortality is the major concern

73 Unfortunately total PBC costs are not available at ICD level across PCT's so could not be used for this purpose.
Costs from HES data are only a component of total PBC costs (41% of total PBC costs for the 11 PBCs where
mortality effect can be estimated) and contribute less to the variability in PBC costs across PCT's (HES contribute
only 23% of the variability for the 11 PBCs where mortality effect can be estimated)
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have a much greater share of total QALY effects associated with avoidance of premature death (e.g.,
PBC2 and PBC10) compared to those where quality of life is the major concern (e.g., PBC 7).7

Table 4.17: Decomposing estimated QALY effects by PBC

% QALY gained
QALY QALY due to avoidance due to avoidance
change change of premature of disability while
PBC (total) (death) death alive
2 Cancer 1,699 1,641 97% 3%
10  Circulatory 6,713 4,856 72% 28%
11 Respiratory 3,215 923 29% 71%
13 Gastro-intestinal 3,605 1,193 33% 67%
1 Infectious diseases 27 11 40% 60%
4 Endocrine 2,036 323 16% 84%
7 Neurological 342 52 15% 85%
17 Genito-urinary 12 6 52% 48%
16 Trauma & injuries* 0 0 NA NA
184+19 Maternity & neonates™ 273 15 6% 94%
3 Disorders of Blood 1,087 547 50% 50% i
5 Mental Health 19,828 9,979 50% 50%
6 Learning Disability 2,990 1,505 50% 50%
8 Problems of Vision 2,348 1,181 50% 50%
9  Problems of Hearing 621 313 50% 50%
12 Dental problems 2,282 1,148 50% 50%
14 Skin 1,021 514 50% 50%
15 Musculo skeletal 1,469 739 50% 50%
20 Poisoning and AE 426 215 50% 50%
21 Healthy Individuals 1,781 896 50% 50%
22 Social Care Needs 6,566 3,304 50% 50%
23 Other 0 0 /7 NA NA

The ratios of QALY to YLL due to disease in those #BEC where outcome elasticities could not be
estimated cannot be used to inform estimates of the threshold because there are no estimated life year
effects with which to apply the ratios. Therefozg, as in previous sections, the estimated effect of
expenditure on health for the 11 PBCs with outcome elasticities is applied to the estimated changes in
PBC expenditure for the other 12 PBCs (excluding GMS for the reasons given in Section 4.2), i.e.,
assuming that the health effects that/can beobserved of a change in expenditure will be similar to those
that cannot. However, the use of QALY ratios also implies that the share of total health effects between
quality adjusted life year effects and that part associated with ‘pure’ quality of life effects are also similar to
those PBC with estimated<outcomie elasticities. Summing the different types of health effects across these
11PBCs suggests that 50% 1s.due to avoidance of premature death and 50% due to avoidance of
disability. This is cleatly not credible when applied to the other PBCs, e.g., mental health, vision and
hearing are likely have a-much greater share of total health effects associated with quality of life effects
and very little assoctated with premature mortality.

The problerr is that using QALY to YLL ratios means that much of the information that is available
about th&’ether 12 PBCs cannot be used to inform the estimates of the cost per QALY threshold.
Fortunately, the sources of information on which ratios are based also provide much of the information
required to calculate the QALY burden of disease in these areas. Section 4.4.2 explores how measures of
burden can be used to estimate a cost per QALY threshold that captures the likely effects of a change in
exzpenditure on all aspects of health while using all the information that is available about all the PBCs.

741t should be noted that the implied QALY ratio of 1.52 for the 11 PBC with outcome elasticities is a ratio of
QALYs to unadjusted YLL. The proportion of total QALY effects due to premature deaths for the same PBCs
(50% in Table 4.17) also implies a ratio - equal to two. However, this is a ratio of total QALY effects to quality
adjusted YLL. The difference between these two ratios is the denominator, i.e., quality adjusted YLL are lower than
unadjusted YLL.
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4.4.2 Using estimates of the QALY burden of disease

In this Section we use estimates of the QALY burden of disease, infer a proportionate effect on burden
from the estimated effects on life years, and then apply this proportionate effect to the measures of
QALY burden for all PBCs. In this way we can use all the information available about the mortality and
quality of life effects of the different types of disease that make up each PBC, particularly those where
mortality based outcome elasticities are not available. Applying a proportionate effect to measures of
QALY burden of disease is equivalent to assuming that any effects on life years are lived at quality of life
that reflects a proportionate improvement to the quality of life with disease’ It also allows quality of life
effects of changes in expenditure to be included; also based on proportionate improvement in the quality
of life with disease.

The total QALY burden of disease for the population with disease in a particular year includes: i) 'the
quality adjusted years of life lost due to all the disease related mortality that could occur in thispopulation
over their remaining duration of disease and ii) the reduction in quality of life while alive also tor their
remaining disease duration. However, applying the estimated proportionate effects on mortality and life
years to such a measure of total burden would provide an estimate of the effects of achange in
expenditure, not just in one year, but in all the remaining years of disease for the population at risk in that
year. Recall from Section 4.2 that we have adopted the conservative assumption that changes in
expenditure will only have health effects in one year for the population with“disgase in that year.
Therefore, it is not a measure of total burden that is required, but a measute of the QALY burden of
disease during one year for the population with disease (prevalent and incideiit) in that year. The
estimated outcome elasticities can then be appropriately applied to this.measure of burden.”

The information from GBD used to derive QALY ratios itiSectiori’4.4.1 includes information about the
YLL and duration of disease for those incident to a U-code, ile., the measure of QALY burden from the
information included in the ratios is a measure of the totai‘burden of the disease but only for the
population that is incident (rather total populationwith disease) in one year. Assuming that incidence is
stable over the disease duration this is also equivalent to the QALY burden of disease during one year for
the population with disease (i.e., those that ar¢ inicident and prevalent) in that year.”

However, in moving from ratios to absolute mieasures of burden it becomes more important to examine
and then adjust for any inconsistency between information about YLL and size of the incident population
from GBD (which is available by U-codes and can be mapped to ICDs), and the information about net
YLL and observed deaths for each PBC based on ONS data as described in Section 4.2.3 (see Table C44
in Appendix C).”

75 In Section 4.3 cach lif¢/vear gained could be assumed to be lived in full health, lived in a quality of life that reflects
age and gender norms of the general population or lived in a quality of life that reflects the original disease state.
Applying an estimated proportionate effect on the life year burden of disease to measures of QALY burden of
disease implics“a proportionate improvement in the quality of life with disease applied to any life year effects.
Therefore basing estimates on measures of QALY burden provides are more conservative estimate of the QALY
effects of changes in mortality than the best estimate reported in Section 4.3, which was based on quality of life
norns.

75 Qf course it would be possible to solve for a lower outcome elasticity that could be applied to total burden which
woadd return the required estimate of total QALY effects restricted to one year - see Section 2.1 in Appendix C

77 So long as estimates of the quality of life decrement of disease from HODaR and MEPS are representative of
average effects across those eatlier (incident) and later (prevalent) in their disease duration an assumption of
constant quality of life decrement with respect to disease duration is not required.

78 There are a number of reasons for potential inconsistencies: i) GBD is based on eatlier years of mortality data; ii)
the imprecision of mapping from U-codes to PBC via ICD codes; and iii) the YLL reported in GBD are calculated
in the same way as published NHS IC estimates (see Section 4.2.2 and 4.2.3) and will tend to overestimate the net
YLL (see Table 52 in Appendix C). The YLL by U-code, reported in GBD, that are mapped to ICDs are adjusted
by these proportionate differences to ensure that the YLLs associated with all contributing ICD codes are consistent
with (do not over estimate) the net YLL for the PBC as a whole. However, due to the earlier years of data and
imprecision in mapping from U-codes to ICDs there might also be some inconsistency in estimates of the total
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The implications for the cost per QALY threshold of using information about the QALY burden of
disease for all PBCs rather than QALY ratios for those where an outcome elasticity can be estimated are
reported in Table 4.18. The QALY effects of a change in PBC expenditure are a weighted average of the
QALY effects within each of the ICDs that contribute to the PBC. The figures reported in column 2 are
based on weighing the effects at ICD level by the proportion of the total PBC population within each
contributing ICD code, rather than the contribution to variance in HES costs.”™

Table 4.18: Summary of the cost per QALY threshold

Cost per QALY gained*
QALY ratios, QALY Burden
(HoDAR and MEPs) (HoDAR and MEPs)
[1 2]
big 4 PBCs £5,990 £3,036
11 PBCs (with mortality) £10,297 £5,128
All 23 PBCs £11,638 £15,701*

* Preferred analysis

The cost per QALY threshold for the 11PBCs with outcome elasticities is lower using ameusure of
QALY burden (£5,128) rather than the QALY ratios (£10,297) described in Sectiori 4.2:1.” This is in part
because GBD calculates YLL in the same way as published NHS IC figures so will tennd to overestimate a
net YLL which accounts for counter factual deaths (see Section 4.2.3). This will taake little difference to
the first term in the QALY ratio (Rgean) used in Section 4.2.1 since an overestimate of YLL affects both
denominator and numerator of the ratio. However, the second term (Ruie) islikely to be underestimated.
Therefore the ratios used in section 4.4.1 will tend to underestimate thic QALY effects of expenditure and
overestimate the cost per QALY threshold (see Table 4.18). We are abie to adjust the GBD based
measure of QALY burden for this overestimation of net YL.L in calculating the QALY threshold
reported in column 2).8

Since the purpose of this Section is to use the estimated mortality and life year effects as a surrogate for a
more complete measure of likely health effects, it is the cost per QALY threshold for all 23 PBCs that is
of most relevance. The cost per QALY threshold for zll 23 PBCs is based on applying the proportionate
effects on the QALY burden of disease, based on the observed effects of changes in expenditure on
mortality in the 11 PBC with outcome elasticities;?! to the QALY burden of disease in the other PBCs.
This generates a much higher cost peir€QALY threshold (£15,701) than one based on applying the
estimated QALY effects of changes in expenditure, using QALY ratios for the 11 PBC with outcome
elasticities, to changes in expenditure itrthe others (£11,638). The reason is that the QALY burden of
disease in the other PBC is, in general, lower than the QALY burden of disease across those PBCs where
outcome elasticities can be estimated (see Table C45 in Appendix C). Therefore, applying the same
proportionate effects td-a lowet’ QALY burden generates a smaller health effect of a change in

incidence of disease for a PBC. Insofar as disease related mortality risk is stable, the same number of deaths should
be observedin GBD and ONS data for the same at risk population. The PBC deaths recorded in GBD and those
observea.in ONS data (see Table 52 in Appendix C) are similar but nonetheless the proportionate difference is used
to adjasg the scale of quality of life burden while alive based on GBD information (equivalent to adjusting estimates
of incidence). Notable exceptions are PBC1 and PBC18+19 where the discrepancies are due to imperfect mapping
from U-code to PBC via ICD codes.

7 HES costs are a much smaller proportion of total PBC expenditure for the 11 PBCs where a mortality effects
could not be estimated (HES costs account for less than 15% of total PBC expenditure) and account for very little
of a the variability in PBC costs across PCTs (the contribution that variance in HES costs makes to variance in PBC
expenditure in this group of PBCs is less than 8%). Therefore, allocating PBC level effects to ICDs based on
contribution to variance in HES costs is less appropriate when information about QALY burden in this groups of
PBCs is used to inform the estimate of the overall threshold.

80 See previous footnote and Table 52 in Appendix C.

81 Note that this is the ratio of total change in health to total change in expenditure across these PBC (rather than an
average ratio) and the contribution that each of these PBCs make to these total effects on health and expenditure
depends on the estimated expenditure as well as outcome elasticities.
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expenditure.8? In essence the difference between these estimates is that in column 1 the absolute effect
on health associated with an absolute change in expenditure is extrapolated to the other PBCs, where as
in column 2 it is the relative effect on health of an absolute change in expenditure that is extrapolated.
Since we know that QALY burden differs between (and within) PBCs and especially between the groups
of PBCs with and without estimated outcome elasticities (see Table C45 in Appendix C), 8 it is the values
based on QALY burden in column 2 that are regarded as most credible and represent our central or best
estimate.

A detailed breakdown of changes in expenditure and changes in QALY's across all PBCs is provided in
Table C48 in Appendix C when the analysis is based on QALY ratios and when based on QALY burden
of disease. A comparison of these values confirms that QALY effects for the other PBC are lower and
therefore the cost per QALY for each of these PBCs are in general much higher when based on a
proportionate effect on QALY burden. Of course, we have not directly observed quality of life effects’in
these PBC but inferred them from the proportionate effects that we can observe. Insofar as irrvestment
and disinvestment opportunities in these PBCs might have been more valuable (offered greawer
improvement in quality of life)®* than suggested by the implied PBC thresholds, then overall QALY
effects will tend to be underestimated and the cost per QALY threshold overestimated. For the reasons
discussed in previous sections, we regard all the cost per QALY threshold reported iti column 2 of Table
4.18 as on balance conservative with respect to overall health effects of a change ifi expenditure.
However, the estimate of /15,701 maybe especially conservative with respectto health effects (i.e.,
overestimated) based, as it is on an extrapolation of the proportionate effects o measures of burden on
these PBC, rather than observations of the direct impact of changes-in ezpenditure on quality of life in
these types of disease. This is especially so in PBC 5 Mental Health Disorders, which accounts for a large
proportion of the change in overall expenditure (30%) and where a review of the evidence suggests that
the investment and disinvestment opportunities in this PB(Cate likely to have been more valuable than
the implied PBC cost per QALY of £60,111 (see Addendum 3 Appendix C)#. The lower cost per QALY
threshold for the 11PBCs with outcome elasticities (£5;128) might be regarded as more secure in this
respect but they only account for a proportion (27%0) of any change in overall expenditure (see Table C53
in Appendix C).%

82 Applying the absolute health effect of expenditure from the 11 PBCs with outcome elasticities implies different
(higher) proportionate effects in the otherPBCs
8 The QALY burdens per incident patient are reported in this Table for each PBC, including the median and range
across the contributing ICD codes. IHowever, these values should not be over interpreted as the ‘average’ QALY
burden for the PBC depends onhow PBC effects are allocated to ICDs and the ‘average’ burden for groups of
PBCs depends on how a change in overall expenditure is shared between them, i.c., the expenditure elasticities
estimated for each PBC in Chapter 3 and Appendix B.
8 See Addendum:3 il Appendix C for an examination of the value of investment and disinvestments that may have
been available in 'BC5-(Mental Health Disorders), which accounts for much of the change in overall expenditure.
This qualitatiyeatialysis suggests that these may well be more valuable than the implied PBC cost per QALY of
£60,111 reporied in Table C56 in Appendix C.
8 See footnisic above.
8 It is-niot possible to estimate expenditure equations for all 23 PBCs simultaneously (see Section 5.8), so the 23
independently estimated expenditure elasticities may not necessarily account for all of a change in overall spend, i.c.,
the suin of changes in PBC expenditure based on a 1% change in total spend and the estimated PBC expenditure
¢lasticities is less than a 1% change in total spend. Previously in Chapter 3 and Section 4.2, 4.3 and 4.4.1 any
femaining change in total spend was assigned to the other 11 PBCs where outcome elasticities could not be
estimated (in these Sections expenditure elasticities for these PBCs were not estimated because the same health
effect of expenditure was assumed for these PBCs so it did not matter how spend was allocated between them).
However, in this section it does matter how the remaining change in expenditure is allocated between the other 11
PBCs as they have different QALY burdens so different implied health effects of expenditure. Therefore, the
remaining change in total spend is allocated between these 11 PBCs reflecting the relative share of changes in
expenditure based on their estimated expenditure elasticities. This does mean that a greater proportion of a change
in overall expenditure tends to be allocated to this group of PBCs. Since these PBCs tend to have lower QALY
burden and a higher implied PBC cost per QALY this will tend to overestimate the overall cost per QALY
threshold.

67



Table 4.19 reports how the estimated QALY effects based on measures of QALY burden for each PBC
can be decomposed into that part associated with life year effects adjusted for quality and that part
associated with ‘pure’ quality of life effects. These results are very similar to those reported in Table 4.17
which were based on QALY ratios for the 11 PBCs with an estimated outcome elasticity. Those PBCs
for which mortality is the major concern have a much greater share of total QALY effects associated with
avoidance of premature death (e.g., PBC2 and PBC10) compared to those where quality of life is the
major concern (e.g., PBC 7). The differences tend to favour QALY gained though avoidance of
disability, which reflects the underestimation of the effects on ‘pure’ quality of life when using QALY
ratios based on estimates of YLL from GBD (see the discussion above).8” The QALY to YLL ratios that
are implied by this analysis are reported in Table C50 Appendix C. As expected the implied QALY ratio
across all 11PBCs with outcome elasticities is higher (3.05%) then reported in Section 4.4.1 because thie
previous bias against quality of life effects by using QALY ratios based on unadjusted GBD information
has been removed.

Table 4.19: Decomposing estimated QALY effects by PBC

% QALY gained
QALY QALY for
change change premature  for disability
PBC (total) (death) death while alive
[1] 2] [3] [4]

2 Cancer 1,501 1,393 93% 7%
10  Circulatory 5,908 4,054 69% 31%
11 Respiratory 19,869 758 4% 96%
13 Gastro-intestinal 2,776 1,024 37% G3%

1 Infectious diseases 53 9 18% 82%

4 Endocrine 4,887 269 5% 95%

7  Neurological 963 43 4% 96%
17 Genito-urinary 24 5 22% 78%
16 Trauma & injuries* 0 0 ! NA NA

18419 Maternity & neonates™ 10 7 | 69% 31%
|

3 Disorders of Blood 689 35 5% 95%

5 Mental Health 3,397 296 9% 91%

6 Learning Disability 125 25 20% 80%

8  Problems of Vision 240 9 4% 96%

9  Problems of Hearing 434 3 1% 99%
12 Dental problems 489 0 0% 100%
14 Skin 107 39 37% 63%
15  Musculo skeletal 1,697 84 5% 95%
20  Poisoning and AE | 54 9 16% 84%
21 Healthy Individuals 25 4 16% 84%
22 Social Care Needs 0 0 NA NA
23 Other .\ ) 0 0 NA NA

In Section 4.4.1 the tatios of QALYs to YLL due to disease in those PBC where outcome elasticities
could not be csiinated could not be used to inform estimates of the threshold or indicate how any total
health effectsinthese other PBCs are likely to be ‘shared’ between life year effects adjusted for quality
and that part/associated with ‘pure’ quality of life effects (see Table 4.17). By applying the observed
proportionate effects of changes in expenditure to measures of QALY burden of disease in these other
PBCs the likely share of any effects on QALY's between avoidance of premature mortality and avoidance
of disability more closely reflect the nature of these types of diseases (see Table 4.19). As expected, a
much greater proportion of QALY effects are associated with quality of life during the disease compared
to the 11PBCs where mortality based outcome elasticities could be estimated. The share of effects in
particular PBCs are also much more credible. For example, in PBC5 Mental Health Disorders the

87 The exception is PBC 18 &19. The reason is that there are significant adjustments made based on differences in

observed and recorded mortality (to adjust for differences in classification when mapping from U codes to PBCs via

ICDs) as well as differences in YLL due to the GBD method of calculation (see Table 52 in Appendix C).

8 The implied QALY ratios across these 11 PBCs range from 0.70 in PBC2 Cancer to 14.86 in PBC7 Neurological.
68



overwhelming share of QALY effects are associated with quality of life itself and for others, such as
PBC12 Dental problems, PBC9 Problems of Hearing and PBC8 Problems of Vision; almost all effects are
associated with quality of life rather than mortality and life years. For this, and the other reasons
discussed above, the analysis based on measures of QALY burden are regarded as the best estimate of a
cost per QALY ratio that reflects a more complete picture of the likely health effects of changes in overall
expenditure.

4.4.3 Summary of the cost per QALY threshold

The results of the three sequential steps of analysis described in this Chapter are summarised in Table
4.20. In Section 4.2 we explored ways in which the estimated effects on mortality from the economeirics
work in Chapter 3 might be better translated in to life year effects by overcoming some of the limitations
of mortality data available at PCT level and taking account of counterfactual deaths. The results/of this
analysis were reported in Table 4.9 and are repeated in column 1 of Table 4.20.% In Section 4.3 we
considered how the estimated life year effects might be adjusted for the quality of life in whiciz'they are
likely to be lived, taking account of the gender and the age at which life years are gained or lost (see Table
4.14). The results of this analysis are repeated in column 2 below. Finally in Section 4.4 we explored ways
to also take account of the likely effects of changes in expenditure on quality of life duririg disease as well
as the effects associated with mortality and life years (see column 3). These estimatcs provide our central
estimate of a cost per QALY threshold, because they make best use of available information while the
assumptions required, which on balance are likely conservative with respect to health effects, appear more
reasonable than the other alternatives available.

Table 4:20: Summary of cost per QALY threshold estimates

1] i i2] [3]
QoL associated with life extension: 1 Norm
QoL during disease: 0 0 Based on burden
Best estimate
Effect of expenditnre on mortality: i year 1 year 1 year
YILL per death averted: ~ 4. XLL ~4.1YLL ~4.1YLL
QALY per death averted: ~4.10A41Y ~ 35 0ALY! ~12.6 QALY
big 4 PBC's | £5;080 £9,631 £3,036 1]
11 PBCs (with mortality) : 715,628 £18,622 £5,128 2]
All 23 PBCs e £17,663 £21,047 £15,701 3]
' Lower bound
Remainder of Remainder of Remainder of
Effect of expenditurevn mortality: disease duration disease duration disease duration
YILL perdeath averted: ~4.1YLL ~4.1YLL ~4.1YLL
QALY per death averted: ~ 4.1 0ALY ~350ALY ~12.6 QALY
big 4 PBC's £3,846 £4,252 £674 4]
11 PBCs (with mortality) £6,106 £6,852 £860 51
All 23 PBCs £6,901 £7,744 £2,785 (6]
Upper bound
Fuffect of expenditure on mortality: 1 year 1 year 1 year
YLL per death averted: 2YLL 2YLL 2YLL
QALY per death averted: ~20ALY ~ 1.9 Q0ALY ~ 6.1 QALY
big 4 PBC!s £16,432 £17,456 £6,292 (71
11 PBCs (wittr mortality) £32,387 £34,492 £10,626 (8]
All 25 PR s £36,604 £38,983 £32,537 9]

89 The cost pet life year threshold in Table 4.9 can be interpreted as cost per QALY thresholds conditional on the
assumption that all life years are lived in full health and the quality of life with disease is zero (equivalent to death).
% Note that the proportionate difference between the estimates in column 3 and columns 1 and 2 are greater in lines
1 and 2, reflecting the additional health effects from considering the likely impact of changes in expenditure on
quality of life during disease. These differences are less marked in line 3 because the effects in those PBCs where an
outcome elasticity can be estimated are extrapolated to the other PBCs using proportionate effect on QALY burden
and measutes of QALY burden in these other PBCs (see the discussion in Section 4.4.2 for a more details).
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The estimate of £5,128 per QALY (line 2) is restricted to the effects of changes in expenditure in the
11PBCs where outcome elasticities can be estimated. Although this might be regarded as more secure
these PBCs only account for a proportion of a change in overall expenditure (approximately 28%, see
Table 61 in Appendix C). The threshold of £15,701 uses the estimated proportionate effects of
expenditure on the QALY burden of disease in these PBC as a surrogate for proportionate effects in the
others, i.e., assuming that the effects that can be observed will be similar to those that cannot. As
discussed in Section 4.4.2 there are reasons to suspect that this may underestimate health effects in these
PBCs which have most influence on the overall threshold. As in previous sections, no health effects are
assigned to PBC23 (General Medical Services) on the basis that any health effects of this expenditure
would be recorded in the other PBCs.”! Therefore, the best or central estimate of cost per QALY
threshold is /15,701 (column 3, line 3). However, this estimate reflects changes in undiscounted QALY
associated with changes in expenditure. Although all the health effects of a change in expenditure are
restricted to one year (so no discounting is necessary) some of the quality adjusted life year effects of a
change in mortality in that year will occur in future years, so in principle should be discounted.-—However,
discounting these life year effects, even at the higher rate of 3.5% recommended by NICE only increases
the cost per QALY threshold to £15,940 (see Table C52 in Appendix C for discounted values).

As in previous Sections of this Chapter, the upper and lower bounds for the cost per: QALY thresholds in
column 3 are based on making the necessary assumptions about duration of heald: ¢ifects and how long a
death might be averted optimistic (providing the lower bound for the threshold) or conservative (an
upper bound for the threshold). The lower bound (lines 4 to 6) is based on assuming that health effects
are not restricted to one year but apply to the whole of the remaining discase duration of the population
at risk in PBCs during one year. Although this combines optimistic assumptions, it is possible that at least
some part of a change in expenditure may prevent disease so will have an impact on populations that are
incident to PBCs in the future. Such effects are not captured in any-of the estimates presented in this
Chapter so all are conservative with respect to this type of héalth effects of expenditure. The upper
bound (lines 7 to 9) is based on the combination of assuming that health effects are restricted to one year
for the population currently at risk and that any death/averted is only averted for 2 years (see Section
4.2.5).

91 It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per QALY based
only on the 11 PBCs with outcome elasticities because it would imply that GMS only contributes to these PBCs.
Restricting attention to the 11 PBCs with outcome elasticities but allocating part of the change in GMS expenditure
to them based on their proportional share of changes in overall expenditure would yield a slightly higher cost per
QALY than reported in line 2. It should be noted that including changes in GMS expenditure but not assigning
health effects to this PBC is likely to overestimate the threshold because any health effects associated with GMS (or
PBC 22 see Footnote 48 and 56) will not be reflected in the estimated outcome elasticities of other PBCs unless the effects
happen to be correlated with changes in expenditure in those PBCs.
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Chapter 5: Implications for a policy threshold

5.1 Introduction

The three sequential steps of analysis, which provide a cost per life year threshold (see Section 4.2 of
Chapter 4) through a cost per life year adjusted for quality (see Section 4.3) to a cost per QALY threshold
(see Section 4.4), have been explained in this Chapter using the analysis of 2006 expenditure and mortality
data from 2006 to 2008 (see Section 3.5.1 in Chapter 3 and Section B8.5 in Appendix B) to illustrate the
implications for the threshold estimates. At each step we explored the different ways that routinely
available data could be used and how additional information could improve our estimates. In doing 5o we
identified a preferred analysis at each stage based on which made the best use of available information,
whether the necessary assumptions appeared more reasonable than the alternatives available, and which
provided a more complete picture of the likely health effects of a change in expenditure. Although other
assumptions and judgments are possible that retain some level of plausibility, they do net neccssarily
favour a higher threshold. Indeed, when considered together, they suggest that on balance the central or
best estimate presented in Chapter 4 and in Table 5.1 below is, if anything, likely to be an overestimate
(see Section 5.4 for a more detailed discussion and summary). In Section 5.8 we discuss how some of
these remaining uncertainties might be resolved through access to additional and Hetter data and the type
of analysis that would then be possible.

5.2 Re-estimating the cost per QALY threshold using more recent data

The same methods of analysis can be applied to the econorrietric analysis of the 2008 expenditure and
2008 to 2010 mortality data (see Section 3.5.3 in Chapter 3 and Section B11 in Appendix B). The
differences between the 2006 analysis reported in Chaptes4 and the analysis of expenditure in 2008
reported below are the: i) total PBC expenditure; i estimated expenditure elasticities; iii) estimated
outcome elasticities; iv) observed PBC deaths by age’and gender; and v) life expectancy by age and
gender. The other information about quality-oflife norms (see Section 4.3.1), disease related decrements
in quality of life (see Section 4.3.2) and the information from GBD about incidence and duration of
disease remain unchanged between 2006 arid 2008 (we discuss how these estimates might be improved
through access to more recent and Letter.data in Section 5.8).

It should be noted that important improvements were made to the classification and collection of PBC
expenditure data that took place aiter the 2006 data were collected. Therefore, the differences in
threshold estimates betweer: 2006 and 2008 partly reflect this (see Section 3.5.4 and B11.4 in Appendix B)
so should not be over iitetpreted. The results of the analysis of 2007 and 2008 expenditure are
comparable in this respect, providing insights into how the threshold might change over time and with
changes in the overail budget. The implications of this analysis on the need for periodic reassessment are
discussed in Section:5.6. For the purposes of this methodological research the 2008 expenditure and
2008 to 2010 raortality data were the latest to be analysed. Since it is the analysis of the most recent data
that is of mestpolicy relevance, our discussion throughout this Section is based on analysis of 2008
expenaitute;although the same sensitivity analysis (see Section 5.3) and analysis of uncertainty (see
Sectiomn5:4) is available for 2006 and 2007 expenditure (see Section C.2.5 in Appendix C).

Itig’'unnecessary to repeat all the analysis presented in Sections 4.2 to 4.4 (the details of each stage of the
analysis of 2008 data can be found in Appendix C). Instead the results of the three sequential steps of
analysis are summarised in Table 5.1. They include: i) the cost per life year (column 1)2 based on the
methods of analysis outlined in Section 4.2; ii) the cost per life year adjusted for quality of life (column

92 The cost pet life year threshold in column 1 can be interpreted as cost per QALY thresholds conditional on the
assumption that all life years gained or lost are lived in full health but the quality of life with disease is zero
(equivalent to death).
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2)” based on the methods of analysis outlined in Section 4.3; and iii) the cost per QALY (column 3)

based on the methods of analysis outlined in Section 4.4.2. These estimates, in column 3, take account of
the likely effects of changes in expenditure on quality of life during disease as well as the effects
associated with mortality and life years; making best use of available information, while the assumptions

required appear more reasonable than the other alternatives available. For this reason these estimates

remain our central or best estimates for all the waves of expenditure and mortality data.

Table 5.1: Summary of cost per QALY threshold estimates (expenditure in 2008)

1] 2] [3]
QoL associated with life extension: 1 Norm
QoL during disease: 0 0 Based on burden
Best estimate
Effect of excpenditnre on mortality: 1 year 1 year 1 year
YLL per death averted: ~45YLL ~45YLL ~4.6YLL
QALY per death averted: ~4.5 QALY ~ 3.8 QALY ~ 127 QALY |
big 4 PBC's £10,220 £12,338 L4872 it
11 PBCs (with mortality) £23,360 £28,045 £8,308 12}
All 23 PBCs (25214 £30270 £18317 - N py
Lowetr bound
Remainder of Remainder of Remarnder of
Effect of expenditure on mortality: disease duration disease duration drséaseé duration
YILL per death averted: ~45YLL ~45YLL ~46 YLL
QALY per death averted: ~4.50ALY ~ 38 QALY ~12.7 QALY
big 4 PBC's £5,083 £5,811 £1,194 4]
11 PBCs (with mortality) £8,579 L9861 £1,175 5]
All 23 PBCs £9,260 £10,644 £2,832 6]
Upper bound
Effect of expenditure on mortality: 1 year T-year 1 year
YLL per death averted: 2YLL 2YLL 2YLL
QALY per death averted: ~ 2 QALY ~ 14 QALY ~ 5.6 QALY
big 4 PBC's £23346 £26,138 £11,040 (71
11 PBCs (with mortality) £52,956 £59,151 £18,827 8]
All 23 PBCs - £57,136 £63,844 £41,507 9]

The estimate of £8,308 per QALY (column 3;line2) is restricted to the effects of changes in expenditure
in the 11 PBCs where outcome elasticitics cani be estimated. However, these PBCs only account for a
proportion of a change in overall expenditure (approximately 35%, see Table 5.2 below). As was
explained in Section 4.4.2 and 4.4.3;the QALY threshold of /18,317 (column 3, line 3) uses the estimated
proportionate effects of expenditure on the QALY burden of disease in the 11 PBCs as a surrogate for
proportionate effects in the others, \(i.e., assuming that the effects that can be observed will be similar to
those that cannot) and represents Gur central or best estimate. As in previous sections, no health effects
are assigned to PBC23,0:.22 (General Medical Services and Social Care) on the basis that any health
effects of this expenditure would be recorded in the other PBCs.%* Although this estimate of £18,317
reflects changes tn uridiscounted QALY associated with changes in expenditure, discounting the quality
adjusted life yeas effects only increases the cost per QALY threshold to £18,613.

93 The cost per life year adjusted for quality of life in column 2 can be interpreted as cost per QALY threshold
conditicnal on the assumption that the quality of life with disease is zero (equivalent to death); effectively ignoring
any effects on those who survive with disease.

st it'would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per QALY based
only on the 11 PBCs with outcome elasticities because it would imply that GMS only contributes to these PBCs.
Restricting attention to the 11 PBCs with outcome elasticities but allocating part of the change in GMS expenditure
to them based on their proportional share of changes in overall expenditure would yield a slightly higher cost per
QALY than reported in line 2. It should be noted that including changes in GMS expenditure but not assigning
health effects to this PBC is likely to overestimate the threshold because any health effects associated with GMS or
PBC 22, Social Care (see Footnote 48), will not be reflected in the estimated outcome elasticities of other PBCs unless the effects
happen to be correlated with changes in expenditure in those PBCs.

% The effects of discounting are modest because: i) the health effects of a change in expenditure are restricted to
one year (where no discounting is necessary); ii) most of the total QALY effect occurs in that year; iii) it is only some
of the life year effects (adjusted for quality) of a change in mortality in that year that occur in future years that need
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The upper and lower bounds for the cost per QALY thresholds in column 3 in Table 5.1 are based on
making the necessary assumptions about duration of health effects of expenditure and how long a death
might be averted optimistic (providing the lower bound for the threshold) or conservative (an upper
bound for the threshold). The lower bound (lines 4 to 6) is based on assuming that the health effects of
expenditure are not restricted to one year but apply to the whole of the remaining disease duration of the
population at risk in PBCs during one year. Although this combines optimistic assumptions, it is possible
that at least some part of a change in expenditure may prevent disease so will have an impact on
populations that are incident to PBCs in the future. Such effects are not captured in any of the estimates
presented in this report so all estimates are conservative in this respect (the possibility of a longer and
more complex lag structure for the effects of expenditure are discussed in Section 5.8). The upper bound
(lines 7 to 9) is based on the combination of assuming that health effects are restricted to one year for the
population currently at risk and that any death averted is only averted for 2 years (see Section 4.2.5).

The estimated QALY effects associated with each PBC can be decomposed into that part ducto life year
effects adjusted for quality and that part associated with effects on quality of life during disease. The
proportionate share of these different aspects of the total health effect are the same as teported in Table
4.19; where those PBCs for which mortality is the major concern have a much greater share of total
QALY effects associated with avoidance of premature death (e.g., PBC2 and PBC1() compared to those
where quality of life is the major concern (e.g., PBC 7).

5.3 Which PBCs matter most?

Which PBCs have the greatest influence on the overall threshold depends, to a large extent, on how a
change in overall expenditure is allocated to the different PBCs (see’column 1 in Table 5.2),% i.e., those
that account for a greater share of the change in expenditarewill tend to have the greater influence.
However, it also depends on the proportionate effect of a’change in PBC expenditure on the QALY
burden associated with the PBC?” and the scale of the (QALY burden (for the population at risk)
associated with the type of diseases that make up each PBC®. These determine the cost per QALY
associated with each PBC (see column 4 below and Table C80 in Appendix C). The share, attributable to
each PBC, of the total health effects of a change ifi overall expenditure (see column 2 of Table 5.2) is the
combined effect of all of these. The propertionate impact on the overall cost per QALY threshold of a
10% change in PBC health effects inv’column 3 gives an indication of how sensitive the overall threshold
is to the estimate of health effects associated with each PBC. It starts to suggest where further efforts to
improve estimates of the overall threshold might be most usefully directed.

to be discounted; and iv) these need to be discounted only over 4.6 years on average (see Tables C89 and C90 in
Appendix C for discounted values).
% Which is determined by the estimated expenditure elasticities (the proportionate change in PBC expenditure due
to a change in overall expenditure) and total PBC expenditure (see Chapter 3 and section B11 in Appendix B)
97 Which are determined by the outcome elasticities (the proportionate effects on mortality and YLL of a
proportionate change in PBC expenditure (see Section 4.4.2 for details of how these estimates can be applied to
measures of QALY burden in all PBCs).
% See Section 4.4 for how PBC level effects can be allocated to the contributing ICD codes and how measures of
QALY burden for each ICD code can be established
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Table 5.2: Impact of each PBC on the overall cost per QALY threshold (2008)

% Share of
change in % Share of total Elasticity
overall health effects of the PBC cost per
PBC expenditure (QALY) threshold* QALY
1 2] 3] [4]
2 Cancer 3.24 3.50 0.35 £16,997
10  Circulatory 5.50 14.32 1.43 £7,038
11 Respiratory 3.32 30.45 3.05 £1,998
13 Gastro-intestinal 2.32 5.83 0.58 £7,293
1 Infectious diseases 2.37 2.08 0.21 £20,829
4 Endocrine 1.37 8.04 0.80 £3,124
7 Neurological 4.33 14.48 1.45 £5,480
17 Genito-urinary 3.36 1.40 0.14 £43,813
16 Trauma & injuries* 5.58 0 0 NA
18+19 Maternity & neonates* 4.95 0.03 0.00 £2,969,208
3 Disorders of Blood 2.92 1.89 0.19 £28,305
5  Mental Health 25.32 9.31 0.93 £49,835 !
6 Learning Disability 1.47 0.34 0.03 £78,854 :
8  Problems of Vision 2.75 0.66 0.07 £76,850 |
9  Problems of Hearing 1.24 1.19 0.12 £19,07€ '
12 Dental problems 4.09 1.34 0.13 £5581¢6
14 Skin 2.79 0.29 0.03 LET4775
15 Musculo skeletal 5.14 4.65 0.47 [20,254
20  Poisoning and AE 1.32 0.15 0.01 £165,766
21  Healthy Individuals 5.01 0.06 0.01 £1,483,012
22 Social Care Needs 4.26 0 0 NA
23 Other 7.35 0 0 NA

* The proportionate change in the overall cost per QALY threshold due to a 10% increase or decrease in the health effects
associated with the PBC. These elasticities are correct up to a 50% change i) healih effects.

Although the 11 PBCs where outcome elasticities coula be/estimated only account for 36% of the change
in overall expenditure they account for 80% of the overail health effects. Within this group some PBCs
contribute more than others. For example, PBC11 {Respiratory) accounts for a greater share of total
health effects and has a higher elasticity (3.05%) than PBC10 (Circulatory) even though the latter
accounts for a greater part of a change in ovet2il expenditure. The reason is that the cost per QALY
associated with changes in expendituredin PECTT is lower than PBC10 and much lower than the overall
threshold (so generates more health etfects for the same, or even smaller, change in expenditure).” The
elasticities in column 3 are instructive, e.g/, the elasticity for PBC11 suggests that even if the health effects
of a change in expenditure in this PBC were over estimated by 30% the overall threshold would increase
by 9.15% to £19,993. All otherPBCs have much less influence in this respect. Nonetheless PBC10 is
important compared to othérs s it does contribute a large share of total health effects and has one of the
highest elasticities (1.43%).1% Afso PBC7 (Neurological), although accounting for a smaller share of a
change in overall expenditure, does contribute a large share of total health effects with an elasticity of
1.45% and a relativelyiow cost per QALY associated with changes in PBC expenditure. !

9 Within PBCT1: Chronic lower respiratory diseases (J40-]47) accounts for 85% of the QALY effects of a change in
PBC expenditure; Lung diseases due to external agents (J60-]70), 4%; Other diseases of upper respiratory tract (J30-
J39){ 4% Other respiratory diseases principally affecting the interstitium (J80-]84), 1%; and Other diseases of pleura
(195-)9%), 1%. The other ICD codes each contribute less but together account for 4% of the health effects of a
change in PBC11 expenditure.
1% Within PBC10: Ischemic heart discases (I20-125) accounts for 55% of the QALY effects of a change in PBC
expenditure; Cerebrovascular diseases (160-169), 21%; Other forms of heart disease (I30-152), 7%; Congenital
malformations and deformations circulatory system (Q20-Q28), 3%; and Diseases of veins, lymphatic vessels and
lymph nodes, not elsewhere classified (I80-189), 3%. The other ICD codes each contribute less but together account
for 8% of the health effects of a change in PBC10 expenditure.
% Within PBC7 Episodic and paroxysmal disorders (G40-G47) accounts for 73% of the QALY effects of a change
in PBC expenditure; Extrapyramidal and movement disorders (G20-G26), 8%; Other degenerative diseases of the
nervous system (G30-G32), 5%; Other disorders of the nervous system (G90-G99), 3%; and Nerve, nerve root and
plexus disorders (G50-G59), 2%. The other ICD codes each contribute less but together account for 9% of the
health effects of a change in PBC7 expenditure.
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The other 12 PBCs, where outcome elasticities could not be estimated account for the greater part of a
change in overall expenditure (64%) but only 20% of the overall health effects, i.e., the cost per QALY's
associated with a change in expenditure in these PBCs is, in general, much higher. Of course, we have
not directly observed quality of life effects in these PBCs but inferred them from the proportionate
effects that we can observe. Insofar as investment and disinvestment opportunities in these PBCs might
have been more valuable (offered greater improvement in quality of life) than suggested by the implied
PBC thresholds in column 4, the overall QALY effects will tend to be underestimated and the overall
cost per QALY threshold will be overestimated.

The overall threshold of £18,317 maybe especially conservative (i.e., likely to be overestimated) with
respect to health effects in PBC5 (Mental Health Disorders), which accounts for a large proportion of the
change in overall expenditure (25%) and contributes most to the overall health effects (9%) compared to
these other PBCs. The cost per QALY associated with this PBC (£49,835) is based on an extrapolation
of estimated proportionate effects to a population based measures of QALY burden in this PBC, rather
than observations of the direct impact of changes in expenditure on quality of life in the typesof diseases
that make up the PBC. Evidence that is available suggests that the investment and disinvestrient
opportunities in this PBC are likely to have been much more valuable than this implied cost per QALY.
A review of the evidence of the cost effectiveness of the investment and disinvestment opportunities that
have been available in mental health during this period is reported in Addendum 3 Appendix C. A search
for evidence about interventions in those ICD codes that contribute most tc-ithe PBC (based on
prevalence or the contribution to the variance in PBC costs), suggests that pharmacological, psychological
and social interventions for depression are all more cost effective (in-general much less than £10,000 per
QALY) than the overall threshold and significantly more valuable than the implied QALY threshold for
this PBC. Based on the contribution that each ICD makes to vatiance in PBC costs across PCTs, it is
schizophrenia that contributes most. Although interventiofis that riay have been invested or disinvested
in schizophrenia are, in general, less cost effective (in general less than £24,000 per QALY) than those
available for depression, they are still much more valnable than the implied cost per QALY of this PBC in
Table 5.2.1%2

It is very important not to misinterpret the eostper QALY associated with each PBC in column 4 of
Table 5.2. These are not cost effectiveness thresholds. That is, they do not represent the QALY likely
to be forgone due to costs imposed (e.g.; by the approval of a new and more costly technology by NICE)
in a particular PBC because NHS expenditire is not devolved and constrained to PBC specific budgets.
Rather the overall expenditure is constrained through government decisions about public expenditure,
but within the NHS resources (at the margin at least) can be reallocated in anything other than the very
short run across different activities'and disease areas. For example, the additional net NHS costs of
approving a new but more costly technology in PBC10 (Circulatory) will not be restricted to the
circulatory PBC (5.5% xwill, se¢ column 1 in Table 5.2) but are likely to be reallocated in the same way as
an equivalent reduction in vverall expenditure (i.e., the shares of a change in overall expenditure in
column 1).1% Thercfore, the relevant cost per QALY threshold for a technology in the Circulatory PBC
is not £7,038 but the overall threshold of £18,317.

102 Although the published evidence suggests that investment and disinvestment opportunities in this PBC tend to
be much more valuable than the implied cost per QALY, we have little information on the particular investments
and disinvestments that were actually made by PCTs. The review of local data sources (see Addendum 2, Appendix
C)revealed very little routinely collected information about specific investments and disinvestments beyond more
aggregate measures of spending. In common with other PBCs, there will inevitably be inefficient, ineffective or
even iatrogenic practice (e.g., due to poor diagnosis and inappropriate prescribing). Insofar as these types of
activities are sensitive to changes in PBC expenditure this will tend to increase the cost per QALY associated with
changes in expenditure in this PBC. Whether both the extent of these inefficiencies and their sensitivity to changes
in expenditure are sufficient to increase the cost per QALY above £49,835 is unclear, although it seems unlikely.
Note that the effects of the scale and sensitivity to expenditure of inefficient or even harmful practice in the other
PBCs where outcome equations could be specified are already captured in the estimated outcome elasticities.

103 In principle at least, with sufficient panel data which would allow a more complex lag structure and simultaneous
estimation of expenditure and outcome elasticities across all PBCs; it might be possible to isolate the short run
effects of a change in expenditure in one PBC across all the others. In the absence of such data and so long as
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The primary purpose of Table 5.2 is to identify which PBCs have greatest influence on the estimate of the
overall threshold and examine whether the implied values for the other PBCs is likely to lead to under or
over estimation. There are differences in the implied cost per QALY ratio between PBCs, including
some with very high implied cost per QALY (e.g., PBCs 18, 19, 20 and 21 reflecting small estimated
health effects in the denominator), although they have limited influence on the overall estimate of the
threshold. These differences in the implied cost per QALY across PBCs should not be over interpreted.
For example, these differences could be interpreted as evidence of a misallocation of resources (e.g.,
reallocating expenditure from PBCs with higher to lower cost per QALY would improve health) if the
purpose of the NHS and PCTs is to maximise unweighted QALYs. However, rather than a misallocation
these differences (between the first 11 PBCs) might indicate that the actual quality of life effects of
expenditure are proportionally greater (lower) than mortality effects in those with higher (lower) costper
QALY, or that the health effects in these PBCs are more socially valuable with a greater implicit weight
attached to QALY gained or lost in these areas (e.g., maternity and neonates). The higher cost per
QALY for the remaining PBCs may reflect that the actual quality of life effects of changes in expenditure
maybe more than proportional to QALY burden (e.g., evidence from mental health PBC suggests that
investment and disinvestment opportunities may have been more valuable that the implied PBC cost per
QALY of £49,835). Also it was not possible to estimate the health effects of changes in PBC expenditure
simultaneously across PBCs. Consequently the effects of changes in expenditure in one PBC may be
recorded in ICD codes relevant to other PBCs, so it is possible that PBCs with higher implied cost per
QALY may be contributing health effects to other (recipient) PBCs.!0

Whether these differences are regarded as evidence of a misallocation-ot not, however, is unimportant for
an estimate of a cost per QALY threshold that reflects the health eftects of how changes in overall
expenditure are currently expected to be allocated. Whether nornot PCTs do or should maximise
QALYs has no influence on the current estimate of the threshiold, given that NICE currently uses an
unweighted QALY threshold.!% Also, insofar as local objectives do change or national policy does
reallocate expenditure, the impact of these and other charges that will take place over time will be
reflected in estimates of the threshold in subsequent periods once these changes have taken place (see
Section 5.0).

5.4 How uncertain are the estimates arid what are the implications?

There are a number of sources of uncertainty which contribute to an assessment of how uncertain a
central or best estimate of the cost per QALY threshold might be. There are three reasons why
uncertainty in the estimate of the threshold might be of policy interest: i) the uncertainty in the
parameters that determine the theshold might influence the mean or expected value of the threshold if
they have a non linear relationship o the threshold or when they have a multi linear relationship but are
correlated with each other; ii) the consequences of over or underestimating the threshold differ so the
uncertainty may havean influence on the extent to which a policy threshold (a single value that can be

adjustments ate expected take place quickly relative to the time horizon of the effects of the new technology on
NHS cost'and joutcomes (i.e., marginal NHS resource can be reallocated in the medium term) using the overall cost
per QALY threshold for technologies relevant to any PBC is reasonable and more so than other alternative
assupiions that might be made.
10+ The health effects of a change in expenditure in a ‘contributory’ PBC will not be reflected in the estimated health
effects of change in expenditure in the ‘recipient’ PBCs unless they happen to be correlated with changes in
expenditure in the ‘recipient’ PBCs, i.e., all changes in expenditure are assigned to PBCs but all the health effects
may not be. This suggests that the health effects are likely to be underestimated and the overall threshold
underestima