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Abstract
This paper offers an integrated view of the relationships between health spending, medical
innovation, health status, growth and welfare. Health spenttiggers technological progress
which isa potential source of betterutcomes in terms of longevity and quality of life, a direct
source of growth for the bitech industries and an indirect source of growth throughrovedl
of human capital. The latter contributes to GDP per capita through two main channels: higher
participation of the population in the labour force and higher labour productivity levels. In turn,
income growth induces an increase in health expenditure, as richer countries tend to spend a
higher share of their income on health. To analyse these intenac the paper first focuses on
demographic facts, disentangling the role of longevity and carrying out some '‘thought
experiments' on the indexation of active life on longevity. It then analyses the links between
health care expenditures, technology anealth status from a micrlevel perspective. We
investigate empirically the relation between GDP growth and health expenditures and develop a
projection method to assess the sizéotdl aggregate expenditures that could dmanneledo
the health sectoup to 2050for the US,Europe and Japan We finally assess theotential
impact of these health expenditures and better health status on potential growth and
productivity
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Introduction

Ageing is expected to inducea drag on potential growth and make social security systems
unsustainable in many developed cdoi@s. Suchtrends are unlikely to biilly compensated by economic
factors, like higher capital intensity, migration or productivitynspired from the seminal work of
Auerbach and Kotlikoff (1987), recent models have quantified the impact of the piotage in
population structure, the subsequent a fall in labour force and different reform scenarios in pensions
systems and labour markets (e.g. Ingef@091); BérsckSupanet al.2002, 2006)This type of literature
was addressing the impact of thé fa fertility rates from posWorld War Il levels.

Less attention has bedevotedto the issue ofongevity without incapacitgandhow to benefit from
it. Contrary to common views about ageihgalthylongevity should not be perceived a negative sitk.
Rather, i is good newsboutindividualsable to live and work longer provided thase nothamperedy a
prematureetirement decisionSeveral studiesg(g.Duval, 2003; Borsctsupan.et al, 2005) have shown
that the decision of early retiremestruch less a matter of individual preferences towards leisure than the
result of perverse incentives created by current institutional arrangements in pension systems and labour
markets.Taking advantage ¢f h e a | t h would gitecallyndgpendon political supporiof mechanisms
linking the duration of active lives to Igavity gains (se&alasso, 2006 In this scenariahe growth
potential may improvejotablyin European economies (see Oliveira Marghal, 2005).

In this context, sveral agumens contribute to the ideahat health matters for growth and
productivity. Better healtlpositivelyimpacs labour supplynotablythrough a longer life expectancy, and
healthier individualscanreasonably bessumedo produce more per hour workeiccordng to human
capital theoryalonger life sparwill alsoencourage people to acquire more educatBmudhealthresults
in more educated amtoductive peopletealthierindividuals (or the total populatiordremore willingto
undertake investment, wiidn turn promotes growtliinally, a substantial share béalth spending being
devoted to financ®&D, it contributes to innovationandgrowth.

This paper offesan integrated @w of the relationships betwebgralth spending, medical innovation,
healthstatus, growth and welfateThe different links are illustrated in the DiagramHealth spending is
supposed to trigger technological progrdsschnological progress is a potential source of better outcomes
in terms of longevity and quality of life,direct source of growth for the btech industries and an indirect
source of growth throughn improvement of human capitdlhe lattercontributes to GDRper capita
through two main channelbigher participation of the population in the labour foraed higher labour
productivity leves. In turn, income growtinduces an increase healthexpenditureasricher countries
tend tospend a higher share of their income on health.

[Diagram 1. Links between Health spending;Technological progress, Longevityand the GDP

A guestionremains onthe sustainability of health expenditure growths a share of GDP, total
spending on health cdrieas risen steadily over the past thirty years. In particular, public spending grew by
some 50% between 1970 and the ed®80s (Figurdl). Policy-makers are concerned thahgoing
population ageing may exacerbate these treMdst analysesboth at the micro and maelevel, have
neverthelesshown that the impact of ageinger seon health cards small. In contrast,the role of
preferencesind technology arerucial We provide empirical evidence that health expendituees to

1. Data and empirical evidence coveredenfocus on three main developed regions: the US, EU (mostly EU
15) and Japan.

2. For data availability reasons, total health spending displayed in the Figure includes both health-and long
term care expenditures. Given the past low share of LTC indpéaiding (on average below 1% by 2005),
this does not change the qualitative picture.



grow in line with aggregate incom®n top of this income effect, thffusion of new medical technology
explainsthe growing share of healthespding to GDPDrawing fromthis analysiswe cary out several
projection exercises showing a substantial increakeaith expenditure sharbg 2050.

Increased &alth spendings expected tgositively influenceaggregatgroductivity andgrowth, but
evidenceon this link is ratherinconclusivein rich countries We discuss the reasons for tipsizzling
result. We also analydbe growth potentialrelated tchealth R&D and innovatioactivities

[Figure 1. Evolution of Total, Public and Private OECD health spending]

To simplify the alreadycomplex interrelated factorae decided not to includengterm caren the
analysis presented hereor@trary to health carégpngterm care services are rather basic in nature and their
expendituredrivers are maily related to demographic developments, irtipalar the growing share of
very-old and frail individuals in total populationThey will certainly contribute topublic expenditure
pressures over the next decadast cannot enhancgrowth prospectsif anything, the development of
low-productivity longterm care servicesouldgenerate a drag on aggregate productiyitwth

Policy implicationsof the analysisire manifold Pressures foryblic expenditurearehigherfor health
than for pension systemsThese challengesequire an integratednd complementarypolicy package.
Reforms in pension systems, health sector, labour, product and financial markets are deeply interrelated.
While only some of thesdinkagesare dealt within the paper to our knowledg, it is one of the first
comprelensive attempts to cover these linRst muchfurther researcls needed

The structure of the paper is as folloWke first sectiorfocuseson demographic facts, disentangling
the role of longevityand carrying out ame 'thought experimest on the indexation of active life on
longevity. Section2 analyses the links betweépalth care expenditures, technology and health status from
a micralevel perspectiveSection 3 investigates empirically the relation between GD&wgh and health
expendituresSection 4 develop a projection methodo assesshe size of aggregate expenditures that
could be channelled to the health sediosection Sve attempt t@assesshe impact ohealth expenditures
and better health statuws potential growth and productivity. Thignal sectionsummarise and draws
policy conclusions

1. From Ageingto Longevity?
1.1 Transitory vs. permanent demographic shocks

Ageing trends are the result of two different and contrasted phenomemhatigefrom a high to a
low fertility regime and the increase in longevifyhe baby boom and subsequent bust are massive but
transitory shocks. In contrast, the smooth but steadyease in longevity does look like permanent
shock (Oeppenand Vaupel, 2002; EC2003; Barbi, 2003) Supportingthe hypothesis of a permanent
shock the frontier of longevity in different countries has increased almost linearly byedrd per decade
over the past century and a half (Figirg). A similar trend was observed on aage for the United
States, Europe and Japan over the past 40 (eainte1.1), though with a wide crossountry dispersion.

[Figure 1.1 Historical trends in female life expectancy, 1842000]
[Table 1.1 Increases in life expectancy for different age grqus]

During the XX" century,increased longevithas resulted from uneven developments of mortality
rates acrosage groupsThe first half ofcenturymainly experienced reductiorin child mortality. In the
second half, the reductions in mortaktserelocated in prime and oldge groupsThe role of health care
wasalsodifferentin the two periodgVaupel, 2002; Yashin, 2003; Lichtenberg, 200d)e development

5



of mass vaccinatiorand antibiotics, together with improved hygiene and life sthidp eradtating
infectious diseases (tuberculosis, pneumdhiagtc.) The lattewere the main cause of mortality early

XX™ century, affecting in particular young childrdBut snce then the reductions in mortalityave been
associated with distinct famts, notably the treatment of cardiovascular diseases and cancer. The
prevalence of these diseases is increasingge ad their treatment has triggere¢te development of
medical innovatiopas will be discusseuelow.

Against this background, @st natonal population projeatns embody a significant slowdown in
longevity gainsfor the period 2002050that is hard to justifygiven the current state of knowledgén
averagefor EU-15, the national projectionsassumegains in life expectancy longevity &irth of only
1.2years per decade over the next fifty years (Tate This implies a significant delsgation of
longevity. A stronger declinepplies for Japan, whereas the projected slowdown is less marked in the
United States (where longevity gaingve also been lower)

[Table 1.2 Comparison of past with projected gains in life expectancy]

Accordingly, Oeppen and Vaupel (2002) argued that current population projectEstto be
adjusted for higher longevity gain, addition,Cheungand Robing2007 provided empirical evidence
on ashift of the modal age of deatlm Japansuggesting that currently there is no evidence that we are
approaching an upper limit in human longevi@ishanskyetal. (2005) have put forward an opposite
view. They notd that extrapolation of past trends cannot provide a good basis for projections, llegause
longevity gainsaredriven by improvements in environmental, economic and social faittaramay not
last in the future. In particular, widespread obesity trémasanydevelopedtountries would contribute to
a deterioration of the health status of the population whicfine will reduce life expectancy While
remainingagnosticabout futurdongevitytrends the consequences differentlongevity scenariowill be
testedn sectiord.

1.2 The potentiallabour resources associated with longevity gains

The OECD economies have experienced during the past decades a relative abundance of labour

resources. Due to the babgom labour forcehas increased steadily sinthe early 1970sBut the

situation will change radically over the next decades. Following the projections of Buenialix2003),

at unchanged labour market and immigration conditions, the labour force could decline in-18ebiU

around 25 million werkers by 2050 (0r14%) compared to the peak to be reached by 2010 (Flgxeln

Japan, the labour force has already starteditiine and iprojected tdfall by 22million workers ¢36%)

by 2050compared with 19950nly in the United States, laboforce is projected to continue increasing

by around 3'million workers (+26%) between 2005 and 2050.

[Figure 1.2 Simulations of the effect of ageing and longevity on the labour force]

The declingn European labour force is mainly due to the strongetdn in the number of primage
(aged 3049) and young workers (aged-29), while the number of old workers (6@) in Europe will
increase by around 5%igurel.2). In Japan, all age groups decline markedlye sustained decline in
total labour forcecould induce a substantial drag on potential growthich could reaci% in Japan and
0.8% per year in Germangf( Oliveira Martinset al, 2005). At unchanged conditions, it is unlikely that
increased capital deepening and/or total factor productisitydcfully compensate for this shock.

3. For a discussion on the underlying parameters of national demographic projection22@30DP5ee
Oliveira Martinset al. (2005).



To investigate the contribution of longevity to counteract these worrying tremdsarried outtwo
6t hought sieFrsh eve shiftegthre tobserved participation ratfdsy age group over time in line
with the average increase in life expectancy.alrsecondexperiment,we shifted over timethe oldage
threshold(usually 65+)usually definingworking age populationlg-64 year$ alsoin line with longevity
gains.

It can be seen that some compensation can bl ffor the declining numbers of young and prme
age workersn the labour forceThe gains are limited in Europe due to low participation in the labour force
of older workers (Figurd.2). When the same simulations are carried out for the wowkiggpopLdtion,
the gairs are substantially largeleading to a near stabilisation of the European labour foves the
period 20052050(Figure1.3). Therefore the potential is not negligible

[Figure 1.3 Simulations of the effect of ageing and longevity on th&orking-age population]

Using these counterfactual scenarios for labour force and weakjegopulation, we also computed
alternative scenarios fatd-age dependency ratidse. old-agepeopleover workingage population, with
the oldage threshold imeasing in line with longevity Thi s &6l ongevity indexatio
to stabilise, or even reverse, the upward trends in dependency ratios defined over the-agerking
population. The effect is stronger in the United States and&than in Japan, where the ageing process
is particularly strong. In contrast,henconsidering the ratios ovéabour force projections, the effect of
the longevity indexation is powerful in the United States and in Japan, but becomes much weaker for EU
15 (Figue 1.4). This is due to the much lower labour market participation ratios of older workers in
Europe. The effect of indexation is therefore conditioned by the functioning of labour markets, indicating a
strong complementarity between the two types of pdidlong the same lines, a recent paper by Lievre
et al.(2007) computed an indicator of healthy working life expectancy and concluded that there is an
untapped reservoir of healthy years that could be used to extend theotethgthvorking life in Eurpe.

[Figure 1.4 Simulations of the impact of longevity indexation on dependency ratios]

Thesesimple baclkof-the-envelope calculatissuggest that an appropriate management of longevity
gains could be use compensatdor the ageing of populations labour marketsas well as told-age
dependencyatios that are a key parameter for the sustainability of pension sy3teenpotential could be
even larger if pasiongevity trends aremaintained, contrary to whaéd generally assumed in population
projections.

The critical condition for these longevity gains to materialise in longer working livesdigramic
equilibrium between the increase in life expectancy and the number of years in good healtitdties so
"healthy ageing'regime). Achieving tt§ virtuous cyclemay requirelarge investmens in health care,
which to be sustainable may require in turn a careful design of insurance mechanisms and use of
technological progressinderstanding these mechanisms is the aim of the next section.

2. Ageing, Technological pogressand Health expenditure growth
2.1How can we explain the rise of health expenditures as a share of GDP?
A conventional explanatiofor the rising share of health spending in GDP, noted in the introduction,

is thattransferprograns, such as Medicare and Medicaid in the &/fShe comprehensive health insurance
in Europe,by increasingcoveragealso boosteaggregatenealthspending. Howevelthe latter des not

4. Note that the baseline geations of Burniauxet al. (2003) assumed unchanged policies and thus the
participation ratios of older workers were also assumed to remain constant over time.



explain why thedemand for health care, as well as demand for comprgkensurance, hascreased so
rapidly. Another explanation iselated to thecost disease stofBaumol, 1967, 1993). Health care, like
other services, uses labour intensivahd may displayow productivity growth. As a resulthe relative
price of halth caretends to rise over timand, depending on preferenciss leads to a rising expenditure
share Along these linesTriplett and Bosworth (200@rguedthat labour productivity growth in the health
sector was negative between 1987 and 189the same timethe medical care component of the GR$
increased faster than the overall C&1. alternative and somewhat opposite explanatithatthe bulk of
theexpenditurencrease is attributable to technological chafidewvhouse, 1992). Thisxdanation which
has received increasing attention in the literaterg. Fuchs, 1986; Okunade and Murthy, 2002; Cutler,
2004, Jones, 2004yvill bethe focus of ouanalysis

In the course of the 1980s, governments started to react to these spends\@yrpuatting in place a
number of costontainment policies (see Docteur and Oxley, 2003), resulting in a stabilisation of public
health care expenditures in the OECD from 11880s to late 1990s. Concomitantly, private health
spending accelerated. As pigb costcontainment policies acted mainly through macroeconomic
mechanismsg.g.wage moderation, price controls or ppsstponement of investments), they could not be
sustained foreveYThus, after a long period of cost contention, since 2000 the shptblic expenditures
to GDP is increasing at a rate of over 3% per year for the OG&CDwholeln this context, it is crucial to
identify the drivers of these expenditure trendanchey be related tdemographic ato other factors?

2.2 The main dnvers of health expenditure growth

The combined effects of ageing and the fact that health care expenditures increase with age are often
referred to as a major determinant of the future health care expenditures. These two phenomena are
illustrated for one ountry, France, in Figures 2.1 and 2.2 (wider camatry evidence will be provided
in section 4).

[Figure 2.1 Proportion of people aged 65 and over demographic effect, France]
[Figure 2.2 Individual health expenditure by age group (Euros), France]

Many projections of future health care expenditures simulate the impact of ageing simply by applying
demographic previsions to a static expenditure profile by age. However, the profile of expenditures by age
group changes over time. Using again French datu&2.3), the only country for which this calculation
was possiblga sizeable upward drift can be observed for each age group between 1992 aris 2060.
wi || see bel ow, the dri ft i s n o tThiglduifeisratherrelateddoe t e r i
changes over time in patients' behaviour, physicians' practices, as welthaesdffect oftechnological
progress. Therefore i$ anon-demographieffect.

[Figure 2.3 France, health expenditures by age group (euros), 1992 and 2000]
Therefore, simplycombining the data dfigures 2.1 and 2.2 to project health expenditure growth

would miss the main part of the story. As we will see below, the upward drift of the expenditure profile
displayed in Figure 2.3 is the main driver of expendinmowth. Ageing only plays a relatively minor role.

5. Indeed, it is difficult to contain wages and, at the same time, attract young andshillezts in the health
care sector. Controlling prices is not easy when technical progress is permanently creating new products
and treatments. Equipments also need to be renovated, especially in presence of rapid technical progress.



2.2.1 The role of the proximity of death

Estimateson crosssectional or panel data for OECD countries led to a very small or non significant
influence of age on health expenditures, whereas GDP hazeable and highly significant impact
(Getzen, 1992; Gerdthamt al, 1992, 1998; Hitiris and Posnett, 1992); Leu 1986; O'Connell, 1996;
OECD, 1987).A possible explanation was put forward by Zweiélal. (1999), following Lubitz and
Riley (1993) whopointed out that yearly payment per person for people dying within the year were 7.1
larger than for survivors (based on Wedicarebeneficiaries in 1988). Accordingly, health expenditures
appear to be increasing with age just because of the high healtlcostsein the proximity to death,
together with the fact that the probability of dying increases with @myee proximity to death is
controlled for, ageper sewould not influence health expendituregweifel et al. (1999) usedmicro-
econometric estimates Swiss datéo support this findinglf it is the death proximity, instead of age, that
influences expenditures, the increase longevity should then slowdown expenditure growth.

Subsequently, other papers investigated the respective influences of titeath and age on health
expenditures (Seshamani and Gray, 2004a, 2004b; Stearns and Norton, 208ifel et al. (2004);
Werblow et al, 2007)). A very enlightening article written by Yang, Norton and Stearns (2003) makes it
possible to understand theeohanisms at stake. The authors conduct a graphical analysis of-pensibn
datafor 25,994Medicarebeneficiaries. Figure 2.4 displays the individual health expenditure in relation to
death proximity for three age groups (65 to 74, 75 to 84 and 85 ded.drhe curvefor each age group
are very close. Their main characteristic is the huge increase in health expenditures around four months
before death, from $2,000 twelve months before death, to $8,000 in the last months. Figure 2.5 displays the
averagehealth expenditure by age, distinguishing between decedents (people dying in the year) from
survivors. Large differences emerge between the two groups, supporting the role of proximity to death.
Interestingly, however, we observe that the curve relatisutvivors is increasing with age. Thus, time to
death is not the only factor. For survivors, which account for the buligofegateexpenditures, health
expenditures are increasing with age.

[Figure 2.4: Individual health expenditure ($) in relation todeath proximity Medicare
beneficiaries (USA)]
[Figure 2.5: Individual health expenditure ($) by age group decedents versus survivors,
Medicare beneficiaries (USA)]

This empirical evidence suggests that: i) both age and time to death have an influenadthon he
expenditures; and ii) health expenditure projections have to include time to death. These points are by now
widely accepted. Using US projected life tables for 2020, Stearns and Norton (2004) show that omitting
time to death leads to an overstatenwrdround 15 % for health expenditures. This downward correction
is due to the fact that an increase in longevity is expected in the future.

2.2.2. The predominant impact of changes in medical practices

The discussions about the role of time to deatludoan the interpretation of the profile of health
expenditure by age (figure 2.2). They omit to consider the main driver of expenditure growth, i.e. the
upward drift of the agerofile of health expenditure over time (figure 2.3). In other words, the etkriv
predictions are implemented for a given level of technology, overlooking the role of changes in practices.
Dormont, Grignon and Huber (2006) have proposed a rsionalation method for analysing changes over
time in the age profile that makes it possilb disentangle changes in morbidity on the one hand, and
changes in practices on the other hand. Concerning morbidity, the authors consider a vector of chronic
illnesses and disability indicators and allow for the changes over time in their prevaleage. byhis
enables to compute the resulting impact of all these changes on expenditures by age.



Changes in practices for a given morbidity level are captured by changes in the coefficients which
measure the influence of morbidity on health care use. @sanghese coefficients show, for each given
illness, whether health care expenditure is higher in 2000 than in 1992. These changes may be due to
changes in patients' preferences, in physicians' behaviour and/or to technological progress (innovative
procedures or drugs).

Dormontet al. (2006)use a representative sample of 3,441 and 5,003 French individuals, respectively
in 1992 and 2000. Their microsimulation approach identifies the components of the drift observed
between 1992 and 2000 in the agefipr@f health expenditures. To give an illustration, the observed drift
in pharmaceutical expenditures is displayed in Figure 2.6. A large upward drift is observed for the age
profile of individual expenditure between 1992 and 2000 (profile 1 and 4ctashg). The simulations
show that this large upward drift is entirely due to changes in practices for a given level of morbidity
(profile 1 to 2). For morbidity level they experienced in 1992, individuals have spent more in 2000 than
they would had sperih 1990, irrespective of their age. In contrast, the changes in morbidity induce a
downward drift (profile 2 to 3) for all age groups (except 70+). Put differently, changes in health
conditions have retrospectively led to lower spending.

[Figure 2.6: Decanposition of the drift of the age profile of individual expenditures, France
(micro-simulations), pharmaceutical expenditures, 1992000]

Applying the simulated profiles by Dormoet al.(2006) to the structure by age of the French
populationleads to arassessment of the relative effects of demographic change and expenditure profile
drifts for the period 1992000 at the aggregate level. The results for pharmaceutical and total expenditures
are provided in table 2.1. Pharmaceutical expenditure increasedobnd 67%, of which changes in
practices explain 5@ercentage points. The rise in health care expenditures due to changes in the age
structure appears to be very small (4.6 percentage points). For total expenditures, the changes in practices
explain 13percentage points, compared with Betcentage points due to changes in the age structure.
Most importantly, he aggregate effect of changes in morbidity appears to be negative, reflecting the
impact of health improvements of individuals for a given bgeveen 1992 and 2000. Noteworthy, these
health improvements cancel out the increase in costs related to pure ageing effects.

[Table 2.1 Explaining health expenditure growth, France]

What are the changes in practices maffeldentification can be drawn kgontrasting the estimates
obtained for physician consultations and pharmaceutical consumption and for participation behaviour
versus conditional consumption. The results show that changes in practices are inthingd by
technological changes: for givaxge and morbidity, more treatmsiatre provided, leading to higher costs
and better outcomes. It is therefore crucial to exanfineoughlythe dynamic of technological change in
health care.

For Francethere is microeconomic empirical eviderofea ratter limited impact of ageing on health
expenditure growth, in comparison with other drivers. One important issue is whether such a result could
be generalized to other countries.

6 . The database us&y Dormontet al. (2006) has the advantage of providing detailed information about morbidity
and health expenditures at the micro level and for a rather long period. This makes it possible to: (i) provide empirical
evidence of global health improvememntda (ii) evaluate the savings due to changes in morbidity. Such databases are
rare in other countries. The Survey of Health, Aging and Retirement in Europe (SHARE) collects the same kind of
information, but only beginning in 2004. The second wave concd08. In the future, this survey will provide
precious information for several European countries. Howevergiirigntly too early to use it fan evaluation of
changes that occurred over time in morbidity and in medical practices.
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2.3 Technological change and its impact on health status and spending
2.3.1 The pattern of innovation and product diffusion in health care

Health economists have usually identified technological change as the principal culprit for health
expenditure growth. As pointed out by Gelijns & Rosenberg (1994), this appears to contrakcitional
wisdom, where technological change is driving productivity gairEhey criticise this 'linear
conceptualization' of medical progress, where "new ideas" of the biomedical scientists would go from
laboratory to animal testing and then to bedsktgually, the research leading to medical innovation does
not necessarily take place in the biomedical sector: lasers, ultrasounds, magnetic resonance imaging,
computer, nanotechnology have their origin in more gefmngdose research and innovationsrkbver,
development does not end with the adoption of an innovation. Adoption is generally the beginning of a
long process of redesigning the innovation based on feedbacks from users. These incremental
improvements after initial adoption play a crucialern the development of pharmaceutical drugs and
medical devices.

Medical technological change entails two basic mechanisms: i) the substitution of old treatments by
new ones, this generally induces a gain in efficieray, ii) the extension of new tréaents. The
substitution effect leads to a gain in productivity and often lewit costs, in accordance with the
standard view of the impact of technological progress. The rising costs in health care spending are mainly
due to the treatment expansiofeet,i.e. related to a potential demand for new goods and services.

Available statistics from the TECH netw8rin heart attack treatments enable to make this discussion
more concrete. Heart attacks are both the most common cause of death in mosedealppiies and an
area where many innovations have occurred over the past 15 yedB®Xd9e This can be seen in the
rising number of innovative procedures for heart attack treatments in the US and seven countries
participating in TECH (Figures 2.7hd 2.8). Other indicators taken from the OECD Health database
(Figures 2.9 to 2.11) also show the increasing use of new medical procedures, such as cataract surgery, hip
replacement and knee replacement.

[Figure 2.7: Changes in the surgical treatment of dart attack USA, 19841998]
[Figure 2.8: Share of angioplasty procedures involving stents in heart attack admissions. Seven
countries 19941998]
[Figure 2.9-2.11: Use of cataract surgery, hip and knee replacement in OECD countries]

Box 1. Medical innovations in Heart attack treatment

A heart attack is an acute event characterised by the occlusion of the arteries that supply blood to the heart. Tog
drug therapy (aspirin, beta blockers, etc.), patients canveeoairious treatments such as thrombolytic drugs, cal
catheterization, percutaneous transluminal coronary angioplasty and bypass surgery. Catheterization is a procedu@w
the blood flow to the heart to improve the diagnosis. Developed iiatthd970s, angioplasty appeared more recently than by
surgery, which was developed in the late 1960s. It is an alternative, less invasive procedure for improving blood ftmked

7. Quoting Gelijm and Ros enb@utsge of medliéink,)techndlogical change is identified as the
primary driving force behind improved productivity and economic growth. One of the most decisive effects
of technological change is that it makes it possible to preda given volume of output with a smaller
volume of inputs. Why, then, when considering medicine, is technological change deemed responsible for
rising costs?.

8. The Technological Change in Health Care (TECH) Research network set up by Mark McGietlan
Daniel Kessler has brought together investigators in clinical medicine, economics and epidemiology from
sixteen countries to carry out international comparisons of technological change in the treatment of heart
attack.
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artery by inflating a balloon to create a channel through thekhbe. This innovative procedure is less costly and more resp
of patients' quality of life than bypass surgery. Angioplasty can replace bypass surgery in some cases. However,
angioplasty is spreading above and beyond this type of suiostitSince the mid990s, it has increasingly been performed W
the implantation of one or more stents (small mesh tubes that hold open the coronary artery) to improve outcomes.

Cutler and McClellan (1996) showed that growth in treatment costs fdrditek in the U.S results
entirely from diffusion of innovative procedures, as prices paid for a given level of technology are fairly
constant over time. In the US, by 1998, more than half of heart attack patients received catheterization and
usually anther procedure, instead of only 10 % of heart attack patients in 1984. The diffusion of
angioplasty with stent also appears clearly in Figures 2.7 and 2.8.

Turning to other areas, the introduction of new medications such as selective serotonin reuptake
inhibitors (SSRIs), including Prozac and similar medications changed completely the treatment of
depression. In the mitl980s, treatments with psychotherapy or tricyclic-defiressors were the norm.
Berndtet al.(2000), and Cutler and McClellan (2001) shthat the introduction of SSRIs was followed
by a demand boom in the US. In 1991, 30 % of depressed patients were treated with an SSRI; this
proportion rises to nearly half by 1996. Bermdital. (2000) show this substitution effect led to a gain in
efficiency. The spending per incremental remission probability was reduced by about 20 %. Costs have
been rising because of treatment expansion: diagnosis and treatments for depression doubled over the
1990s. The latter may have resulted from sujpdjuced derand encouraged by manufacturers of SSRIs
providing incentives to doctors to watch for depression. However, the supply of these new products meets
demand needs that were not previously satisfied. Indeed, many studies in the 1980s suggested that half of
depessed persons were not appropriately diagnosed and treated.

For cataract, the substitution of newer for older technologies led to obvious gains in efficiency
(Shapiroet al. (2001). There is no increase in the cost of a cataract operation between ff860seand
the late 1990s, while health outcomes have increased: better visual quality and a reduction in complication
rates. As operations are safer and more effective, theretresamentexpansion: a larger number of
patients are operated (Figure 2ifigluding thosewith less severe visual acuity problems

Technological progress in health care is likely to have had an impact on the price of health care
relative to other goods in the economyon-adjusted official medical price indices have generally
increased more rapidly than prices in the rest of the economy. For example, in the US, mediRl care
increased by 1.Bercentage points annually above the growth rate of the aggregate CPI between 1960 and
1999 (Cutler and McClellan, 200Ifhese indicegan be criticized because they are poorly adjusted for
guality changes and include as price change many factorshbatdbe counted as quantity increases
resulting from medical innovation®/hen they are adjusted for quality is possible that r uecé pr
indexeshave actually declined (see B2k Similarly, adjusting prices for the variety of products can lead
to a decrease in the true relative price of health care goods (Box 2).

Box 2. Technical progress and qualiy/variety adjusted medical prices

A way to measure the benefit of health care is to focus on consumers' utility and consider price effects adj
gual i ty. When consumer 6s margi nal val uat i oand valde using & hedpo
analysis (Griliches, 1971). As regards health care, the fact that patients are insured, together with the asymetrytiohir
between patient and care providers, do not allow to assume that the marginal value of cares emséds One has to use dirg
evidence on the expected value of health improvement to assess the benefit of medical care. AccordinglyalOiit8£8) build
a Cost of Living (COL) Index to measure how much consumers would be willing to pay foreshangedical treatments ar
prices over time (Fisher and Shell, 1972). Applying this method to the price of heart attack treatments, they estingedft
Living Index (COL) relative to the GDP deflator to have actually fallen by about 1 percertllgnithis result was subsequent
confirmed by Cutler and McClellan (2004) heart attack, depression and cataract treatments. A policy implication of such
is that production growth in health care is likely to be understated by the currenttagzapproach.

Mor eover, the T#itr ue 0visa®i$othérigoods mayrdécease ibnew téckenaldgieshincrease thee v
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of products and if there is a demand for variety. Consider for example a model with a CES utility ledcﬁBré Xi(s'l)/s ,

where (G>1 is the el amsproducts. Assummg price symmetr{d(t =u j "ol i, thetro® aorgposite pric
index is equal toP” = n(l's) Cp With two types of composite goods, say hedtth &énd al other goods @), the true relative
price would be: P, / Py = (n,, /ngy)™ > @p,, / Po) . Thus, even if the usual price ratiq(, / Py ) remains constant

the fAtrueod P,f( /ePg wduld deereaperwhen the pace of product creatidime health sector is faster than in the res
the economy.

2.3.2 Impact of insurance systems and regulatory factors on technological progress

The incentives to produce innovation in the health sector are dominated by insurance systems and
public provision. Weisbrod (1991) suggested that expanding insurance has provided an increased incentive
of the R&D sector to develop new technologies, as new products tend to be always vekgaistly the
insurance system. Moreover, the orientation of teldwical progress is not neutral. Certain type of
innovations will be favoured, depending on the design of the health insurance and on the payment systems
implemented by the payers.

The cross national comparisons performed by TECH network, referred &aeeeshown that there
are big differences in patterns of technological change across countries (McClellan and Kessler, 2002). The
absolute differences in innovative procedure growth rates betweengrapith countries (Australia, US,
France, Israel) andav-growth countries (Canadantario, Finland) amount to a factor of two or more
over a fiveyear period.

Many countries have a health care system characterized by a monopsonic third party payer, which can
control the implementation of new technologiesotigh effective budget ceilings. In countries having
several third party payers, competition among them will tend to drive up technology adoption. Different
providersd payment -far-gesvices argl paakbesremunaration sshemes are more
likely to encourage a higher adoption of new technologies than fixed remuneration schemes (capitation,
global budget). In some countries, hospitals have to apply separately for funds for large scale investments.
In other, large investments are financedtigh the general remuneration of the hospitals. Direct control
by a single payer through regulation of separate grants for large investments is likely to have a negative
influence on the adoption rate of new technologies.

Bech et al.(2006) show that diférences in technology use across countries and in their rates of
adoption can be explained by these institutional facitre. main factors, which lead to lower utilization
rates, appear to be the monopsonic payer and the funding of investments by gpatific Baker and
Brown (1999) suggest that managed care has slowed the rate of diffusion of new medical technologies.
Dormont and Milcent (2006) show how a severe budget shortage induced by a global budget system makes
it difficult for French public hogpals to finance the diffusion of angioplasty

Improving efficiency and eliminating waste are important goals for regulation. However, it is of
crucial importance to keep in mind that some policies may retard technological progress. If the benefit
induced ly the new technologies is larger than their additional costs, such policies are not optimal.

2.3.2. The impact of health care on longevity and health
The most common indicator of health care outcomes is life expectancy at birth. As pointed above, the

latter has increased steadily over the "X¥entury, by about 30 years in the US and in comparable
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countries. In recent years, E1% has performed better than the US in this respect (Figure 2.12), the latter
displaying a persistent gap of around 1.5 yearsOoy 2

[Figure 2.12 Life expectancy at birth in the EU15 and the US, 199@2004]

Has life in good health (or the health status) also increased over time? Life expectancy fails to take
into account morbidity differences. To address this shortcoming, amnagicgty used measure is the
healthadjusted life expectancy (HALE). The World Health Organisation (WHO) has computed -gender
specific HALEs for all countries of the world: the results show a large variability of HALEs between
countries, with still an advaage of the ELL5 visavis the US, at least two years for each gender.
However, no data has been produced by the WHO to make it possible to compare HALE over time, and
see how the evolution of HALE compares to that of life expectancy.

A European projectthe European Health Expectancy Monitoring Unit (EHEMU), aimed at
constructing comparable indicators on disabilise life expectancy (DFLE)for European countries
(Michel and Robine 2004). The results are mixed: while some countries have experieimaéase in
lifetime lived free of disability, others have hardly shown any change over the period examined. More
precisely, for a given age, mild and severe disability appears to have declined in several European
countries, as well as in Japan. In somantides, the gains in DFLE are actually higher than the gains in
life expectancy at birth (e.g. France, Germany, Ja8an)the US and the U.K., DFLE has increased but at
a slower pace.

A study carried out by Robert Fogel (2003) on a large sample 0d@%JS veterans does not give
support to the idea that increase in life expectancy led people to spend more years plagued by chronic
illnesses. The average age of onset of various common chronic conditions (such as heart disease, arthritis,
respiratory disase, etc.) increased by 10 years over age0 period, while life expectancy increased by
6.6 years. These results are in line with those of Freedman, Martin and Schoeni (2002) that the elderly are
getting healthier in the US, as they are living longer.

Has health care played a role in reduced mortality and morbidity? Most studies point out several
identification problems: many other factors than health care have influenced mortality, including
behavioural changes, declines in pollution with the delivarglean water and the removal of waste,
increased education with advice about personal health practice, urbanization, etc. Nevertheless, there is
evidence that better health care has improved health status.

Cutler, Deaton and Llerdduner (2006) showed &t since the 1930s, mortality reductions have been
driven by health care, first by vaccination and antibiotics, then by intensive care procedures. Murphy and
Topel (2006) show that the gain in life expectancy is equal to about 9 years for men and witradsiSn
between 1950 and 2000. They state that this gain in longevity is mainly due to the reduced mortality from
heart disease and stroke (respectively, + 3.7 years and + 1 year for men, with comparable figures for
women).

Hunink et al.(1997) showed tha43 % of the decline in coronary heart disease (CHD) observed
between 1980 and 1990 resulted from improvements in acute treatment and that 29 % resulted from

9. The difference between DEH.and HALE is that the former employs a dichotomous disability measure,
while the latter uses a disability measure with different levels combined into a single value using utility
weights specific for each level of disability. One advantage of the HALBodets applied by WHO, is
that it has been designed for use in a variety of countries with very different levels of data availability.
However, the method relies on expert opinion for the development of the weights used for each condition.

10. See Olivéra Martinset al. (2005), Table 2.4.
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improvements in secondary preventioe, medications to reduce blood pressure and cholesterel. le
Cutler, Landrum and Stewart (2006) conclude that improved medical care for CHD explains up to 70 % of
mortality reduction in the US over the period 1984 to 1999. For England and Wales, 42 % of the decrease
in CHD mortality between 1981 and 2000 wasrfd attributable to medical and surgical treatment (Unal

et al.,2004). Similarresults were found for Scotland and the Netherlands (Capetnal| 1999; Bots and
Grobbee, 1996)).

Some results are also available concerning the impact of health cardugedadalisability. Cutler,
Landrum and Stewart (2006) show that improved medical care explains up to 50 % of the reduction in
disability caused by cardiovascular disease in the US over the period 1984 to 1999. The increase in quality
adjusted life expectagcfor these patients is around 3.7 years. Intensive procedures such as hip
replacement and other surgeries rose particularly for peoplenwisbularskeletal problems between 1989
and 1999 in the US. Cutler (2003) shows thalyled to a large decline idisability associated with those
conditions during the same period.

This evidence suggests that investment and spending in health care have had a positive impact on the
health status, supporting the "healthy ageing" regime experienced in US, EurdiapanBut what is the
likelihood for such a regime to be maintained in the future? Actually, three scenarios have been considered
in the literature, illustrated in diagram 2.1. Scenario | corresponds to the "compression of morbidity"
hypothesis, an optirsiic theory suggested by Fries (1980). In that case there would be a reduction in
morbidity and disability in the last ages of life. Life expectancy would be close to diseasand
disability-free life expectancy. At the other extreme, scenario Il espwnds to a pessimistic "expansion of
morbidity" (Gruenberg, 1980), Kramer, 1980), where all gains in longevity translate into years in poor
health. An intermediate hypothesis can be considered (Manton, 1982), such as scenario lll, where the gains
in longevity gains translateore-one i nt o years in good health (or A

[Diagram 2.1: Three possible scenarios for future changes in morbidity at a given age]

To sum,there is a fair amount of empirical support for the view that health aadn( expenditures)
do matter for health outcomeBut the evidence is far more solid when looking at the effects of specific
interventions or treatmentsuch CVD or depression treatmentgien compared to studies that examine
aggregate relationships.

Basd on the data reviewed here, there is certainly reason for hope that countries can achieve a
healthy ageing regime, but this iy no way assured Michel and Robine (2004) suggest that different
patterns may evolve over time within the same country. igrttodel the aging population is based on a
cyclical movement where, first, sicker people survive into old age and disability rises, then the number of
years lived with disability decreases as new cohorts of healthier people enter old age but, finally, the
number of years lived with disability rises again, when the average age of death rises so much that many
people spend their last years at an advanced age burdened by multiple chronic illnesses and frailty. If this is
the case then achieving healthy agesiegms possible but is not assured, and if achieved it may not be
permanent

Looking ahead, a particular concern about the ability to maintain a healthy ageing regime arises from
the extrapolation of recent trends in obesity, a challenge that is afflittend)S above all, yet many
European countries are showing very similar, if delayed trends. Several studies in the US have documented
a surprising increase in functional limitations among the middkd, caused by obesity, with obviously
detrimental effets on late life functioning (Lakdawalla, Bhattacharya and Goldman 2001; Freedman,
Martin and Schoeni 2004). This research suggests that at least in the US (where the compression of

11 For a survey on this area see Buck, Eastwood and Smith (1999).
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morbidity thesis hasofar received rather widespread empirical suppogt,Fries, 2005) there is reason to
expect a reversal of the hafimught gains of functional decline. To the best of our knowledge no
comparable findings exist for Europe, which is more a reflection of lack of suitable data than of the
absence of the prodain. But if the US results are any guide for what might happen in Europe, then the
findings reinforce the importance of an active lifestyle andisk health habits such as avoiding obesity

in maintaining functional independence into the advanced years.

2.4 Efficiency in health expenditures

The fact that health expenditures have induced gains in longevity and health does not mean that they
are efficient. Efficiency refers to efficiency in care delivery, but also to the fact that the level of
expenditures,as well as the process of technology adoption and diffusion should meet collective
preferences.

2.4.1 The importance of assessing the value of gains in longevity

The results obtained bthe Future Elderly Modelshow that it is not possible to draw redev
conclusions without evaluating the gains in longevity. Huture Elderly Modelis a micresimulation
model set up by RAND authors to construct simulateglth histories folUS Medicare enrollees
(Goldmanet al, 2005). Transition probabilities aretiesated on a sample of about 100,0d@dicare
beneficiaries observed between 1992 and 19¢9gh this framework, individual yearly probabilities of
dying, health conditions or disability state candséimated In turn, these probabilities can be changed t
simulatethe impact ofhealth improvements fromew technologiesTen selected technologiewere
selected and their impact dedicarecosts by 2030 is projected.

Table 2.2 summarises the results for three of these technologies: avemttiaular cadiovascular
defibrillator, prevention of Alzheimer's disease and a (hypothetical) chemical Compound that extends life
span The three areostefficient in the sense that the cost of one year saved is lower or &{G0s000
(low bound for the one yeaf life, see next paragraph) Pr eventi on of Al zhei mer 0:
extends life span have about the same annual cost, but the compound is much more efficiesin term
health outcome& Accordingly,the compound is much more costly in the long: +13.8 % (and 70.4 % in
the case of mor bidity expansi on) i n diteasaBhseddn + 8
these results, Lubitz (2005) draws rather pessimisticlusions on technological progress in health care:
all technologicabdvances add costs that overwhelm any savings from improved health; and, the impact of
a new treatment on long term costs is directly connected to its efficiency in terms of number of years of
saved life.These conclusions bring to light that there isrargj need to evaluate the welfare inducedby
betterhealthstatus

[Table 2.2 Micro simulation results for three technologies by the Future Elderly Model]
2.4.2 The value of a statistical life

39 One way to assess the value of health is to measuratdre & which one is willing to trade off
health for specific market activities for which a price exists. This is the principle-oéligal, willingness
topay studies. Namel vy, the Avalue of a statistic
premiums in the job market: jobs that entail health risks, such as mining, pay more in the form of a risk
premium. VSL can also be estimated by analysing market prices for products that reduce the likelihood of
fatal injury. The VSL literature leads tstenates ranging from about two million dollars to nm#lion
dollars (Viscusi and Aldy, 2003, Ashenfelter and Greenstone, 2004, Murphy and Topel, 2005). Reviewing
the literature, Cutler (2004) considers that a-tmwund of $100,000 per year of life sad could be
adopted.
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2.4.3 Using the value of a statistical life to evaluate the return on new technologies in health care

40 Assuming a VSL of $100,000 per year, Cutler and McClellan (2001) examine whether ne
treatmentsare worth additional costs. Foedrt attack, the gain in life expectancyisoutone year, which
corresponds, ondhe cost of living is deduced, to a present value of the benefit from technological change
of about $70,000, while the increase in the cost of treatment is around $1610¢8€ap They conclude
that the return of technological change in heart attack treatments is high 1:7. For depression, the time spent
in an ill-condition is reduced by height weeks with new treatments. This amounts to a benefit of about
$6,000, around 6 rties greater than the cost of treatment ($1,000). For cataract the result is even more
impressive: the present value of benefit is equal to $95,000, to compare with a cost for the operation equal
to about $3,000. These assessments are rather conservatimaséd they do not take into account the
social gains arising from the fact that somebeadho is cured is able to work and produce more. This
remarkmay belessrelevant for heart attack and cataract, which occur at very old lagemore relevant
for depression, which increases the probability of early retirement (€oalti2006).

Cutleret al (2006) find that and increased spending on health care at birth resulted in an average cost
of $19,900 per year of life gained (for the period ¥2600). Assming that 50% of improvements in
longevity resulted from medical care (Bunker 2001, 1995; Bunker, Frazier and Mosteller 1994)eCutler
al. conclude that health care led to gains in welfare. A comparable study is proposed by &l((2606).

Using life-year values of $99,000 to 173,000, and conservatively considering only the healtblateck
improvements in survival over the past two decades, they find that one dollar health care spending in the
US could generate from $1.55 to $1.94 in overall hegdins.

Murphy and Topel (2006) provided undoubtedly the most striking result in this respect. Using
individual sé6 willingness to pay, they found gains
wealth a gain of around 50 % of the annualRGRising medical expenditures (reaching around 14% of
GDP in 2000) would have absorbed only 36 % of the value of increased longevity. The authors distinguish
between length and quality of life: life extension is valued because utility from goods amné isisu
enjoyed longer, and improvement in the health status raises utility from given amounts of good and leisure.
They show that the social value of improvements in health is an increasing function of the size of the
population, the lifetime income, the isting level of health and of the proximity of the ages of the
population to the age of most disease onset. These factors make it possible to predict that the valuation of
health improvements will continue to rise in the future, as the population andesanow, especially
because the bakyoom generation approaches the age of disedated death. Finally, they show that
improvements in life expectancy raise willingness to pay for further improvements in health by increasing
the value of remaining life.

2.4.4 Efficiency in health care use and adoption of innovation

Bechet al. (2006, haveprovided empirical evidence that the organization of health insurance systems
has an influence on the pace of adoption of technological innovaeesection 2.3.2 Obviously,
design of lealth insurance, as well aayment systemsnfluencethe efficiency in health care use. The
lack of efficiency maycorrespondo underuse or overuse of health care and technology, in the sense that
the level of consumption is el or above the level that would match prefererit@sospective payment
systems, such as global budget for hospitals, may hinder the use of costly innovations, whbile fee
services payments encourage more numerous and invasive procedures (there @les egbative to €
section for deliveries, other examples can be found in McKinsey, 1996). Even in the context of a
prospective payment per DRG, McClellan (1997) has shown that the definition of the DRG can be closely
linked to the implementation of a pemure, and thus create incentives for excessive use of procedures.

2 |ndividual or collective preferences are at stake, depending on whether the basic insurance is public or private.
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This is the case for angioplasty in the treatment of heart attack (Delattke2002). Comparing the cest
effectiveness of revascularization (such as angioplasty) with more simpleaimadinagement in the
population with a myocardial infarction, Roseh al. (2007) show that the cost of revascularization is
$55,100 per lifeyear gained, which much higher than the cost perybfer gained thanks to medical
management, i.e. $ 15,900. Beeresults suggest that revascularization is overprovided: there is room for
improvement in efficiency.

To sumup, we have learned key insights about the links between expenditures, health status and
welfare:

- Technological progress, instead of ageinghésmain driver of health expenditure growth.

- Two mechanisms are involved in technological progress in health care, substitution and extension,
where more goods are available and consumed. The growth in health expenditures is mostly
explained by the egnsion effect.

- The diffusion of technologies has led to additional costs but also generated value in terms of
longevity and better health, so that it contributes to welfare. Indeed, evaluating the gains in
welfare induced by more longevity and healthilddead to big numbers

3. Is health care a luxury good?

Since Newhousgl977) an extensive empirical literature has sought to assess winedltercare is a
luxury (incomeelasticity above one) or a necessity (elasticity below.or@} is still an wnsettled issue
which is unfortunate sincenany projection modelgely on an assumption regarding this elasticiyn
income elasticity greater than onieplies thatc o n s u preferendes drive health expenditure above
income growthand couldexplainthe increase in theshare of healtltarein GDP. Getzen (2000) argues
that empirical studies often failed to distinguish between sources of variation between groups and within
groups: an individual within an insured group may have little reason or incentilienitohealth
expenditures, especially if the group is | arge
insignificant,thust h a t i ndividual s health care spending i s
total expenditure on health reais limited byaggregaténcome. Thereforetotal group spending will be
more responsive to income than individual spending, and wider groups (countries) will be even more
responsive. Thistylisedfact points out the importance of heterogeneity acromgog of agents

In general, the higher the level of aggregation, the higher the estimated income elasticity of health
care spending. Studied the individual level show that the majority of the variation in spending (50% to
90%) is associated with inddual differences in health status, while income elasticities are small or even
negative (Newhouse and Phelps, 1976; Manning et al., 1987; Sunshine and Dicker, 1987; Wagstaff et al.,
1991; AHCPR, 1997). However, analysis of 4860 data where insuranceléss prevalent and most
paymens aremade oubf-pocket shownuchlarger income elasticity (0.2 to 0.7). Similarly, consumption
of dentistry, plastic surgery, counselling, eyeglasses and other types of care show income elasticities that
are strongly posie and sometime substantially excemvk (Parker and Wong, 1997). In contrast, at the
macro level, studies of national health expenditures consistently show income elasticities greater than
oned or health care is a luxury godd with above 90% of crossectional and timeseries variation
explicable by difference in per capita income, and differences in health status having negligible effects
(Abel-Smith, 1967; Kleiman, 1974; Newhouse, 1977; Maxwell, 1981; Leu, 1986; Culyer, 1988; Getzen,
1990; Gerdtham etl., 1992).
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3.1 An econometric investigation

Against this background, we provide new evidence on the elasticity of demand for health by using
different panel estimators and various explanatory variables. In particular, we propose new evidence on the
elasticity of per capita public, private and total health care servides.model is essentially reduced
form equation with the choice of righband side variablemfluenced by the numerous contributions on
the possible determinants of health care speyIdiNewhouse (1972)for instance,assumed that per
capita GDP is the main determinant of per aap#alth care expenditures:

HCE, =a, + bGDR, +u,, (10)

WhereHCE,, stands forper capitahealth care expenditure§DP, is per capita GDPY,, is an

error term,t =13 T (number ofyeary andi =13 N, (number of countries)However, other right

hand side variables mdpe considered, astrend tacapturetechnology adances ohealth price discussed

in the previous sectiorn this context, the risk for omitted variable bias can be higbcent studies (Hall

and Jones, 200 Okunade and Murthy, 2002; Blomqvist and Carter, 1997) have stressed that the observed
increasng health care expenditure as a share of GDP is likely due to other factors, sostrasce
coverageetc. Di Matteo and Di Matteo (1988) also argue that because health is labour intensive, its cost
may increase as a function of average income, sarthasured income elasticity is blurred by the price
effect. Since the price elasticity is presumably negative, the income coefficient is likely to be biased
downward. This conflicting evidence suggests testing the robustness of standard estimates aasg vari
explanatory variabledt could be also noted thatraducedform model is also exposed to the wiatiown
endogeneity bias.

Concerning econometric methodsffetent approaches have been usedhe literature (i) cross
section analysis, (ii) time des analysis and (iii) panel analysis. Two key issues are the degree of
heterogeneity and the finite sample bias of standard time series estimates (espetialtysmsall). As
panel data techniques are a standard method to diah@terogeneity issues, this option was followed
here.

We conduceda simple econometric tetst illustratehow the estimates of the health spending income
elasticity can be sensitive to different specifications. We consider three samples. The filst{geoap 1)
corresponds t@n unbalancedyanel of the 30 OECD countries for the period 12802 where not all
years are available for all countriééhe second sample (group 2) correspondsrteaaly balanceganel
of 19 OECD countrie¥’ The last sampl (group 3) comprises 17 OECD countries over the same time
period?® For this latter group, it waalso possible to gather some institutional variables characterising
health systemd he data arderivedfrom the OECD Health Data Base (2@R5

We also condwcted separate regressions for per capita public, private, and total health care
expenditures. For eaghdependenvariable, we consider a subset of the following exgiary variables:

13. To explain the results of theacro elasticity of demand for (per capita) health care services with respect to
(per capita) income, a first strand of explanations focuses on data. In this respect, one can quote the
comparability of OECD data on health care expenditures, the definiti(per capita) GDP, the sampling
period, and the transformation of variables {tmnsformation, PPRdjusted measure). See Hansen and
King, 1996; Blomquist and Carter, 1997; Gerdtham et al. (1992).

14, Group 2 includes Australia, Austria, Canada, Denmiitkand, France, Germany, Iceland, Ireland, Japan,
Luxembourg, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom, and
the USA.

15. Group 3 excludes Luxembourg and the Netherlands from Group 2.



per capita GDPa trend over the period 192002 (common across OEGIountries)as a loose proxy for
role of long-termtechnological changd?OPY,the share of youn{p-14), POPP middle-age(15-54) and
POPOold-age peopl€55-74) over the total populatiorthe share of very old people (75+) serving as the
reference groupand three dummies variables, which control respectively for the existegegetieeping
and for thetlype of health care system (publiciotegrated)

In our investigationfour different specifications are tested. First, tbelpd regressiomodel(health
and GDP variables areowin logs}

HCE, =a +/GDR -+, an

where X, is a set of regressors

The me-way fixed effects model (in the individual dimensipwherea, denotes thé™ individual
effect:

HCE, =a, +GDR  +¥ W 12

The twoway fixed effects modelsyhere /, denotes the" temporal effect:

HCE, =4 +( +BDR ¥9 U (13)
Finally, the me-way error component model (in thedividual dimensionwherea, ~N(0,s2):

HCE, =a +(GDR, = +¥, W
Vi,t:ai t’t, (14)

Table 3.1 to 3.3eport the results of the pooled OLS regressidhisalues are in brackets and
standard errors have been deter mimaeds uso mrge ctthieo n\
points are worth commentin@verall, results are robust across groups and across time PefFicst, the
income elasticity depends on the nataféhealth care spendingadome elasticity is in general below or
close to one in # case of per capita private health expenditures whereas it exceeds one when considering
per capita public or total health expenditures. Second, the inclusion of a common trend or time dummies
over subperiods leads to a decrease of the income elastibibyghit remains largely above one. Third,
the population variables are often statisticallyngigant at conventional levelduttheir signdepend on
the specificationThey tend to be positive for public and total expenditures, while negative fatepriv
expendituresThis result could be due tilve fact that public systems provideiversal coveragéo the
elderlyarethus are moraffected by demographic factors.

[Table 3.1-3.3 Pooled OLS RegressiorisPer capita health expenditures, public, privateand
total]

Theseresults confirms earlier results, at least for per capita total health expendituhessense that
crosssectional model estimates of the GDP elasticity of HCE are typically above unity (Gerdtham and

16. We also estimate the cressction regressions over the period 1:2802. Estimates are quite close to the
pooled estimates. Results are not reported here but are available upon request.
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Jonsson, 2000). Nevertheless, osssectional models aragile in small data sets anase animplicit
assumption of homogeneity across countries. This leads to unrealistic assumptions such that the
homogeneity of tastes, preferences and production functions across countries athedibasogeneity of

health systemsvhichcould severely biathe estimate@PesaranSmith and Im, 1996

In contrast, panedstimateffer a number of advantages over crssstional or timeseries studies
(see Baltagi, 2005). In particular, havingItiple years of data for each country enables to include (time)
countryspecific fixed (or random) effects, thereby controlling for a wide range ofitiegiant country
characteristics, which may bias the estimate of income elasticity ingEo8en (o time-series analysis).
Table3.4 to 3.6reports estimates of the omay fixed effects model in the individual dimension. Since the
dummy \E?Briables (gatkeeping, public systemnd integrated system) are not tiaying, they cannot be
estimated.

[Table 3.43.6 Oneway fixed-effect regressions Per capita health expenditures, public, private
and total]

Interestingly, the inclusion of a common time trend significantly reduces the income elasticity below
one. If this common trend can be interpreted eshriology advances, then it confirms the fact that
neglecting the role of technology change tends to bias upwaretdamgincome elasticity (Dreger and
Reimers, 2005). At the same time, we assume here that-sgcissn effects are independent.hi
assumption may lead to spuriously interpret this common trend as technology progress in the sense that
other factors may explain this term when accounting for esessonal dependence. For instance, this
trend may also reflect the effect of relative pricessekond result is that the income elasticity further
decreases when introducing the population variables. These variables have the expected sign in the case of
per capita public and total health care expenditures. All in all, the third regression $&yslithehighest

R® and the unexplainetksidualis negligible. When testing the pooled model against thenayefixed
effects model, the test statistic strongly suppitre latter. Finally, the introduction of time dummies yields
higher income elasticity and unexpected signs on population vaididee also that they are often
statistically insignificant.

To further assess thiele of the time dimension, we ran dwwvay fixed effects regressions (Table 3.7)
Except for few estimtes of the per capita private health care expenditures regressions, we consistently find
the incomeelasticity to be below one. Specification ([3]) is preferred by standard specification tests.
However, there is no clear cut evidence between thevagend twoway fixed effects modelS.

[Table 3.7 Twoway fixed-effect regressions Per capita health expenditures, public, private and
total]

Finally, we also testethe oneway error component model in the individual variables for o of
per capita halth careexpenditurgTables 3.8 to 3.10)The variancecovariance parameters are estimated
using the SwamyArora method® Results are fairly close to those of the -ovay fixed effects modéf:

17. A non-exhaustive list includes Cullis and West ( 1979), Leu (1986), Parkin et al. (198ygr C1990),
Gerdtham and Jonsson (1991a, b), Hitiris and Posnett (1992).

18. Using the method suggested by Can(®@07), we also regressed the individual effects on these variables.
Results are generally not statistically significant.

19. Results are noeported here but are available upon request.

20. Results are robust to other methods.

21 The Hausman and Augmentethusman tests tend to favour the latter specification. Note that the use of

oneway or tweway error component model could be questionablees@ECD countries represent a
closed population, i.e. the sample population is the same as the total population.
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Overall, results confirms that the inclusion of a commondrsignificantly lower the income elasticity
(below one¥?

[Table 3.8-3.10 Oneway error component model- Per capita health expenditures, public,
private and total]

Some caveats are in orddfirst, we assume that vanlas are not integrated nor ekists a co
integration relationship. Second, we assume that there is-sgotenal independence. Third, income
elasticity is obtained from a reductmm equation in whiclpotentialimportant determinants are not taken
into consideration due to missing wnreliable data. Moreover, we disregard the endogeneity problem of
per capita GDP by choosing not to instrument the previous regreaithaighthe determination of non
redundant and reliable instruments is a difficult task in the present ¥efogth, we suppose that
heterogeneity is modelled through individual or time effects, and random eFeetby, the specifications
retained here are static. Omitting dynamics may substantially bias our régldisonal tests for the
existence of a ctegration relationship, crosectional dependence and convergenceeaéso carried
out, but to save spaege not reported heféThey do not change qualitatively the results concerning the
value of the income elasticity.

To summarise, our econometridiggtes tend to favour the assumption of an income elasticity equal
to or below one. This contradicts somewhat the critical assumption used by Hall and Jones (2007), as well
as other studies, to derive theipenditurgprojections. Nonetheless, unitancome elasticity is not a low
value in absolute terms. It implies thegteris paribushealth expenditures will grow in line with GDP per
capita. In consequence, public health care budgets should not rely on economic growth to smooth or reduce
expenditurepressues related to the health sector

4. Long-term projections of aggregatehealth spending

How much resources coulek devoted to health care spending and investmemnitthe next decades?
In trying to address this question, ttifferent drivers of egenditureneed to bealisentangledWe have
seen above that thean be broadly classified intiemographi@andnon-demographidactors.

4.1 Demographicdrivers of expenditure

Assessing demographic drivers requities breakdown of health expenditures lgg aroups These
data areelatively scarce. For publixpenditures, an average profilg ageis available for the year 1999
(Figure4.1)** As discussed above, the shape of these expenditure curves reflects the interaction between
health care costs atatproximity to death and mortality rates. While mortality rates increase with age, the
costs of health care near death (or O6costs of d e
elderly people (Aprile, 2004). This explains why expenditurest iilcrease with age, then peak and after
decline at very old ages. The little spike in health expenditures at the beginning of the curve is just related
to early infant mortality being higher than young and prage mortality.

22, We also ran a onway error component model in the time dimension as well as awayoerror
component model, previous results are quitausbbResults are not reported here but are available upon
request.

23. These results are available upon request. As a robustness check, we assume that the slope coefficients can

be different across groups of countries. Empirical evidence stills tends porstipe assumption of an
income elasticity equal to or below 1.

24 For European countries, the data is based on thAGIR Project; see Westerhout and Pellik§2005).
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[Figure 4.1 Public healthcare expenditure by age groups]

For European countriepublic expenditure profiles can capture well the profile of total expenditures
For theUnited States, where private expenditures play an importanthel@vailablebreakdown of public
and privateexpenditures shows that the sharp increase in health expenditures at olderadg@eniy
observed for public expenditures (Figur@)4Private expenditures tend to peak in the age group-6050
years old, but then decline afterwards.

[Figure 4.2 Public and private health care expenditure by age groups, US]

On the basis of these expenditure profiles and population estimates, the expenditures on those aged
over 65 is around four times higher than on those under 65. The ratio rises to between siXitoesin
higher for the older groups (Productivity Commission, 28050ECD Health Database, 2005). As
discussed in section 2ji$ fact is not a reason for expecting demographic pressures to be a major driver of
the growth in healtlexpenditure$’ Indeed,one should take into consideration a dynamic and positive link
bet ween health status and | ongevity gains, refl ec
average cost per individual in older age groups, all the more so as major betdttead to come at the
end of life.

For the purpose of projecting health expenditunes need therto disentangle the expenditures
survivors and noisurvivors.The expenditures for theorrsurvivorscan be estimated by multiplying the
healthcostsnearto death by the number of deaths per age grbigpe heproxy fortheccoss of iddeat ho
the health expenditure per capita for greup 95+, assuming that after this age all health costs are death
related. This amount was then multiplied by a factegqual to4 for an individual between 1@ 59 years
old®® and detining linearlytol aft er wards, to reflect the decline

The expenditure curve fosurvivorsis simply derived by subtracting the deagttated costs just
descibed from the total expenditure curves, when avail@b8eOECD countries). Given the uncertainties
surrounding these data, it seemed preferable to estimate an average expenditure curve for survivors and
then calibrate this curve for each country. In thiég/, the projections are less sensitive to initial conditions
and to countnspecific data idiosyncrasies. This average expenditure curnv&ufeivorswas estimated
econometrically in a panel of IBECD countriesby 20 agegroups, using a spline functiand country
fixed-effects as follows:

Heatth Exp. = - 137.8(age+ 9.94(agé - 0.29¢agé +0.004¢age - 0.00002(age +1222.6
Population agegroup
whereageis the central point in each age bracleg( 2, 7, 12, é, 97). Al t h

are significant.

Under the hypothesis thdiealth costsare mostly deathrelated, theprojected increase in life
expectancy must be accompanied by an equivalent gain in the numbers of years spent in good health.

25, The effect of ageing on health expenditures per capita has also been weakadsttpee Culyer (1990),
Gerdthamet al., (1992), Hitiris and Posnett (1992), Zweifet al. (1999), Richardson and Roberston
(1999), Moise and Jacobzone (2003) and Jénsson and Eckerlund (2003).

26. This proportion is based on Apri{2006) and some evidee gathered by the E&geing Working group
(EC-EPC, 2005). The results are not very sensitive to the alternative assumptions, because mortality rates
are rather low for young and prirage people.
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Otherwise an increasing share of the population livindirad healtb would emergeandhealth careosts
would then cease to lmainly driven by the costs of deatts initially assumedy(e.d.).

In such ascenario, theexpenditurecurve forsurvivorsis allowed to shift rightwarde line with
longevity gains progressively postponing the agsatedincreases irexpendituré” This development
tends to reduce costs compared vaisituation in which life expectancy would not increaBee baseline
projectionspresentedn this papefollow this "healthy ageingscenarigbutthe sensitivity of the results to
alternative assumptisis alsotestedbelow.

As regardsionsurvivors two different effects are at play. On the one hand, the number of deaths is
set to rise due to theansitory effect of the postvar babyboom. On the other hand, if mortality falls over
time, due to gpermanentincrease in longevity, fewer will be at the very end of life in each given year,
mitigating health care cost$.The total effect on public health care expenditures will depend on the
relative size of these effects.

4.2 Non-demographic drivers of ependiture

As discussed in the previous secti@measonable approageems tcassumean income elasticity
equal to oneand, subsequentlyp test the sensitivity of therojectionsto this assumption.Assuming
unitary income elasticityQliveira Martinsand de la Maisonneu2006) estimatéd the average sédual
growth for OECD countriesat aroundl1 % per year forthe 1990s.The central expenditure projections
assume this average residual growthere areatleast two reasons f@mommonassumption ithe context
of longrun projections First, in countries where cesbntainment policies have resulted in a low or
negative residuale(g.,Austria, Denmark, Ireland, Italy, Sweden) there could be a trend reversal, e.qg.
because new personnel has to be agdhotr rundown facilities renewed. Second, in countries where the
residual growth was very highe.g., Portugal, United States) it may seem likely that -casitainment
policies will be implemented in the future. These effects would lead to a certaircotogsy convergence
of the expenditure residual over time.

4.3 A projection model for health carexpenditures

Defining HE, Y andN as real health care expenditures, real income and population, respectively; and,
Uthe income elasticity of health expenniesand NDF the othemondemographic factorshe growth of
health expenditures can be decomposed as follows:

Dlog %‘%8: Dlog( Adjusted agefacto) + e(log %8+ Dlog (NDF) (15)
¢N = GIN -~
or expressed in share @tpenditure t@&DP:

Dlog %'1—58: Dlog( Adjusted agefacto) + (e- 1) (]'Dlog%g+ Dlog(NDF)  (16)
g - (; -

27. I n contrast, i n Apur e deena. @00d),pHeiexpenditpre curves wduld nooh s (s
shift rightwards with longevity, reflecting the implicit assumption of unchanged health status at any given
age. When the cost curves stay put i n prleesalntched of
increases when | ife expectancy 1increases. This ¢
referred to in section 2.

28. See for example Fuchs (1984), Zweilal. (1999), Jacobzone (2003) and Gray (2004).
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Intuitively, the mechanical effeaf population ageingn expenditures can Is=enas moving up
along theexpenditurecurve assuming that the age profd€expenditures remasitonstant over timerhis
demographic ef f echealthya g eidg ghdtingethk exgendituredurkiegightdvards
implying that older people still cost more thére young, but at progressively olderesy Finally, the cost
curveshifts upwards due to nedemographic driver8ncome andther nordemographieffects.

In order to make the projections lesmsitive to the starting year and allow for some convergence of
expenditures to GDP across countfiethe total logarithmic growth rateferived from equationl6) for
each countrnyareapplied to theDECD crosscountryaverageexpenditureshareto GDPin 2005(a sort of
"representativecountry). The changes in expenditugharescalculated from this common baaee then
added to the countygpecifc sharesin 2005to obtainthe projectedratios of expenditure to GDHsee
AnnexIl).

Additional exogenousassumptions underlying th@ojectionsare listed in BoX3 (more detds are
also provided in Annel).

Box 3. Exogenous variables and assumptions underlying the projections

The projections require a set of exogendat, as follows:

(1) Population projectionsN). The population projections were gathered by the OB@Ectorate on Employment, Labo
and Social Affairsdirectly from national sources.

(2) Labour force projectiond_(N) rely on Burniaux et al(2003). These projections are constructed in the basis of-a
called, cohort approach. They correspond to a baseline scenario, i.e. the impact of current policies is assumed talboilue
participation over the next decades, but no additional assurs@ie madeoncernindguture policy changes.

(3) Labour productivity Y/L) growth is assumed to converge linearly from the initial rate (29883) to 1.75% per yedy
2030in all countries, except former transition countries and Mexico where it qgesenly by 2050.

The projected GDP per capita is directly derived from aheveexogenous variable§//N = Y/L x L/N. This simple
framework is not supposed to capture in the best way productivity differentials across countries, but to isolate pasddrie,
the effect of ageing and other demographic factors on the projedtiorieer details can be found in Oliveira Martins and d
Maisonneuve (2006).

20. Without this specification, pending patterns of countries with equivalent expenditure drivers would
diverge in terms of share of expenditure to GDP merely due to different initial expenditure to GDP ratios.
Such a divergent scenario is not very appealing in the context efdomgrojections. This issue has been
explored in a few empirical papers. Hitiris (1997) examines total health expenditures convergence for a
group of 10 European countries and finds no evidence of convergence. Narayan (2007) examines the catch
up hypothesis, @®cially whether or not per capita total health expenditures of the Canada, Japan,
Switzerland, Spain, and the United Kingdom converge to those of the US over the perig2DQ066ie
uses univariate and panel LM unit roort tests that allow potentiallystfoictural breaks and provides
evidence of relative convergence when incorporating one or two structural breaks (f@eraisp1998;
Okunade and Karakus, 200However, the unit root approach of convergence has been criticized on the
ground that nofstationary processes can meet the definition of convergence (Nahar and Inder, 2002;
Bentzen, 2005). We also investigated the convergence hypothesis for per capita public, private, and total
health care expenditures using the recent approaches develoNatidryand Inder (2002) and Phillips and
Sul (2007). The results, available upon request, support the hypothesis of convergence of GDP and total
health expenditures per capita. Health expenditures as a share of GDP also converge across countries.
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4.4 Expenditure projectios for the US, EU15 and Japan

The framework described above wasdise project expenditures over the period 2Q050. The
demographic effects can be decomposed into the health care spending for survivors, the adjustment for
Aheal t hy age.i-relgtéd casts (bandl Rigure4i3p Bute demographiceffects can e quite
largefor some countries, buheytendto becompensated by a better health stafisslongevity increases
The deathrelated costs account only for a small fraction of the incrieasgpendituresis a share of GDP
(to around 7%of total health are spendingin the OECDby 2050)*° The net effect of demographics on
health care expenditures ranges from virtually zero in Swedeeatidy 1.5 percentage points of GDP for
Slovakia. This can benappedo differences in evolving oldge dependey ratios (PanelB of Figure4.3).
Admittedly, the Ahealthy ageingd assumption, al be
the US and European countriean be viewed as relatively optimistic.

[Figure 4.3 Demographic efects onpublic health cae expenditure]

We carried out several simulatiorin. the scenarial it is assumed that, on top of the demographic
effects, the expenditure residual geoat 1% per year over the projectigeriodand theincome elasticity
is equalto 1. In such a scenani the US expenditure share would reach 19% of GDP by 2050, or around a
5 percentage points increase compared with 2095similar increase is obtained for E15 and
6 percentage points for Japdéhable 4.1) In nearly all countries, health care expendaarwould then
exceed 10% of GDP by the end of the projection period.

[Table 4.1 Projection for T otal health care expenditures, scenarib)

In scenario llwe kept the same assumptimfsscenario butthe income elasticity was set to 1ds
some studies have projected expenditures assuming income elasticities well aboveAvs@ge
expenditures will more than double with a projected increase of above 9 percentage points(d&B&P
4.2). The income effect accounfer around 4percentage points of GDin the US and EU5. The
expenditure share would reach 23%the US,andaround 166 of GDPand Europe and Japag 2050.

[Table 4.2 Projection for T otal health care expenditures, scenarid |

In scenario lll, we kept the same assumptions as in sagmarsc | but the residual was set to 2%
growth per year. This scenario is rather mechanical, as the sustained growth of the expenditure residual just
compounds over time without limit. It illustrates, however, the type of assumptions that are required to
generate the very high shares of health care to GDP put forward in some studieagdall and Jones,

2007). On average, expenditures will more than double with a projected increase of above 12 percentage
points of GDR(Table 4.3) The US expenditure sfeawould reach 26% of GDP by 2050, and around 20%
both in the EU15 and Japan.

[Table 4.3 Projection for Total health care expenditures, scenario IlI]

Finally, in a voluntarilyficostcontainmer scenariQ theresidual expenditurgrowth is assumed to
grow at 1% per yearbut convergingto zero by 2050This hypothesiscould be justified on the grounds
thathealth care expenditures to GDP contd continue to grow at such constant rate, without [fiBut
t h itransveysalityconditiord may appear corversial in view of past experience. Under perfect health
market conditions, a continuing increase in the share of income going to health care spending could reflect

30. SeeOliveiraMartinsand de la Maisonneu\2006).

3L Similar transversality conditions have also been imposed in other projection exercises. For example,
Englert (2004) assumes that income elasticity ultimately converges to one.
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individual preferences, as discussed in section 2. But the health care market isewbiaperjovernments

are footing most of the bill. Thus, rapid growth of the share of health care spending in income would have
to be compensated by reductions in other public spending items, which may be difficult to achieve, and/or
increased health caréharges for individuals. Such cost sharing has already been introduced in most
countries.This implicitly mears that policiescould progressivg rein in the expenditure residyad.g. by
ensuring thafuture technology improvements arainly used in acog-savingway. This may imply some
tradeoffs. Reining in the impact of technological progress on health care demand without foregoing the
benefits it provides to patients could®@ehallengingask.

The income elasticity was kept at Which would implythat public health care expenditure and
income would evolve in parallel over the leng. Inorderto be coherent witla lower residual growth
over the projection perigdt was assumed that lower technology improvements lead foeax pansi on
morbidit y ilplying that expenditure curves do not shift rightwards over time in line with longevity. gains

Under this scenario,yblic health care expendituregould still increase on average mearly 4
percentage points between 2005 and 2050, f@% to albove 126 of GDP ¢f. Table4.4). Moreover,
large increaseshy 2050 are found in countries in Central and Eastern European couwtnieh,are
experiencing aapid demographic changén the US, the share of expenditure to GDP would be contained
at aroundL8%.

Table 4.4 Projection for Total health care expenditures, scenaritV |

This projection illustrates how unertainties concerning the parametemnnay drive different
expenditure scenarios. Nonetheless, even in the mildest projections, the expeetes iimcthe resources
directedto health care are substantial.

4.5 Canthe optimal share ofhealth care spendingn GDP be estimatel?

At this point the question is what could be the optimal level of health expenditures? Hall and Jones
(2007) proposed a odel where the key parameter is the curvature of the marginal utility of consumption
(9). If 2is high, the marginal utility of consumption of nbealth goods declines quickly and the optimal
share health spending rises rapidly, this growth reflecting a value of life that grows faster than income (a
simple static version of this model igedled out in Boxd).

Box 4. The model of Hall and Jones (2007)

Denote byxt he i ndividual 6s health status, which is assu
individual is thus equal té/x. yi s t he i ndi vdomsumptiod which is supposed to be stationary over the life
andh health expenditures. Expected lifetime utility for the representative individual is then defined by:

U (c,x) = fg “"u(c)dt = xu(c) @)

0

The income can bgpent either on consumption or health:

cth=y @

A health production function defines the value of health for a given level of expenditures

x = f (h) -

The optimal allocation of resources maximizes the expected lifettiity (1) subject to the budget constraint (2) and
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health production function (3). The problem of the individual becomes:

Mﬁxf (hu(c) st c+h=y

The firstorder conditions for this problem imply that the giaal benefit of saving a life equals the marginal cost of sa
alife. Let L(c,X) =U(c, X)/ Ui(X) denote the value of life in units of output. The optimal allocation of resources verif

X2

fi(h)

The share of income devoted to hleaexpenditures is denoted By=h/y. The elasticity of the health production functi
with respect to health expenditures is denoted?lﬂyand the elasticity of the utility function with respect to consumptionhpy

From condition (4), one can derive that the optimal share of income devoted to health care (i.e. the share that maisim
welfare) verifies condition (5):

L(c,x)/x
sS=h, = Lex/x (5)
y
The production elasticity is likely to fall as spending risSgserefore, from condition (5) it can be seen that the optimal s
of income devoted to health care s increases if the value of one year b{@feX) / X rises faster than income. This conditi
can also be expressed as follaws

L(c,x) = “4)

(6)

This shows that a rising share of income devoted to health care is optihLaI i decreasing more rapidly thaﬁhn . The
thrust of the argument behind this result is that satiation occursnagoidly with norhealth rather than with health consumptior

Does the rising share of health expenditures observed in all developed countries fit collective preferences? In otk
are preferences likely to meet condition (6)? Let us assume agdautdity function:

ct?

u(c) =b+ @)

Empirical literature suggests thaff = 2, or at least thatg>1. These values imply that the marginal utility

consumption declines quickly, which is a condition fog value of life to grow rapidly. From (7), one can derive the expressi
the value of one year of life:

L(c, X) — bl - C

8
- 7.1 (®)

With g > 1, the value of one year of life will grow faster than consumption and income. This infiethé optimal
health share s should rise over time.

To see how technology interacts with preferences, Hall and 20@8) consider a health production
function,f(h) (equation (3), Box), of the following form:

x=(zh? ©)

Where theechnological progress is denotedzyHall and Jones (2007) set up a full dynamic model

that allows for agespecific mortality, agepecific elasticities of the health production functidgp for a

given age B as well as growth in total resources and productivity growth in the health sector. The health

production function identifies three different causes in the decline hs@afic mortality: technological

progress in health care, oesce allocationi(e. the share of income devoted to health spending), and others
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causes (pollution, education, trends in risky behaviors such as smoking, etc.). Depending on assumptions
relative to the pace of technological progress, Hall and Jonethfihtechnological progress and increased
health spending account each for around 1/3 of the decline in age specific mortality.

The marginal cost of saving a life can be derived from the health production function 4T@ble
Hall and Jones obtain a ledige value of about $1.9 million for an individual aged440 The literature
leads to estimates of VSL which range from about tniltion dollars to nine milliondollars (Viscusi and
Aldy, 2003). If VSL is equal to the bottom of the range provided bylitkeature, i.e. $2 millionhealth
expenditure is at the efficient level for this age group. With higher VSL health spending would still be too
low.

[Table 4.5 Estimated marginal cost of saving a life]

The optimal share of health spending depends apnusassumptions regarding preferences and the
value of life. Hall and Jondg2007) use a benchmark of 2, but simulations are also performed for
2=2.5, 1.5 and 1.Qllncome per person is assumed to grow at an average (historical) rate of 2.3% per
yea. The simulations suggest that a rising share of the spending devoted to health care is a robust feature
of the optimum, as long ag is not too smallwhich is equivalent to say that health is a superior good

(Figure4.4). Only at he extreme case whepe= 1.01, the marginal utility of consumption falls more
slowly than the diminishing returns in the production of health, implying that the optimal health share
declines over time (cf. equation (6) Béx

[Figure 4.4 The increase in the optimal share o$pending devoted to health care]

To complete the picture, Figue5 shows how the optimal share of health spending depends on
assumptions regarding the value of life and the pace of technological progress. The assumption relative to
VSL influences positigly the optimal level of health share. Conversely, the higher the productivity gains
in the health production function the lower the optimal level of the health share in GDP. Overall, the
optimal health spending is invariably high from 23% percent in #s® evheres=1.01to0 45%. These
results suggest that historical and future increases in the health spending share may be desirable from a
welfareenhancing point of view.

[Figure 4.5 The optimal share of spending devoted to health care]

Neverthelesshec r ux of the Hall and Jonesd6 argument f or
GDP is the fact that the marginal utility of consumption of-health goods falls relative to that of health
as income rises. In other words, as satiation occurs maddyrapnon-health consumption than in health,
the latter can be viewed as a superior good (or its income elasticity is greater than one). The empirical
investigation presenteith section3 suggests that thisypothesis tends to be rejected by the ,datach
castssome doubtsontfeoundati ons of t h.éMoreébeel, bs wa show inJtleeAengxd r e s |
their result also depends critically on the specific form of the utility function, notably the presence of the
constant term (cf. equation (7) Box 4). While the share of health expenditures in GDP is set to rise in the
future, determining their optimal level remains therefore an open question.

As a final note, the Hal/l and Jones®6 approach s
and whether it could be financed at all, given whatever political economy constraints may exist. Under
current institutions, the level of spending implied by their approach seems hardly imaginable, implying that
new forms of health care funding may needé#ofound.The question to be answered nowhasw these
expenditurelevelopmentsould influenceeconomic growth.



5. Theimpact of health onproductivity and growth

There arereasongo believe that health matters for growthoth through labour participan and
productivity. First, health may impact labour supply. A good health status increases the time available both
for work and leisure. Moreover, health also influences the decision to supply labour through its impact on
wages, preferences and expedtfdhorizond the net effect depending on substitution and income effect.
Second, balthier individuals could reasonably lassumedto produce more per hour workethus
increasingproductivity. Third, according to human capital theory, better health iboméss to more
educated people and thus more productive people. An increasing life expectancy will also encourage
people to acquire more education. Fourth, the state of health of an individual (or the total population) is
likely to impact not only upon thievel of income but also the distribution of this income between savings
and consumption and hence the willingness to undertake investment, which in turn promotes growth. Fifth,
R&D in health, which represents a substantial share of total R&D, may adgetrds an engine of
innovation andyrowth.

5.1 Health,human capitaland growth general results

Since the seminal work of Becker (1964}here is a sound theoretical and empirical basis to the
argument that human capital matters for economic growthubtil recently, human capital has been
mostly narrowly defined as education. At the same time, the idea of health repreSemtixtgto
educatio® an important component of human capital was introduced most prominently by Grossman
(1972), but has been acakmledged more widely. Grossman (1972) distinguishes between health as
consumption good and health as a capital good. As a consumption good, health enters directly into the
utility function of the individual, since one enjoys being healthy. As a capital, goealth reduces the
number of days spent ill, and therefore increases the number of days available for both market and non
market activities. Health is not only mended but also produced mdividuals. They inherit an initial
stock of health that depiates with time, but they can invest to maintain and increase this stock. The
production of health alsoequires the use of time bpdividuals away from market and nemarket
activities. These two ideas have been introduced in growth mathelse the grath rate of total factor
productivitycan be endogenised

Van Zon and Mysken (2001) analyze the trad# between health and human capital accumulation
in the endogenous growth framework of Lucas (1988). Health influencegsdamporal decisioimaking
in three different ways. Firshealth generatgsositive utility of its own, through the average health level in
the economy. The average effect also affects long&vBecond, the provision of health care services
directly competes with those tdbour services allocated to the production and human capital sector. In
other words, more health services lead to less human capital accumulation. Finktlyséeas as a pre
request to the provision of human capital services. In this respect, healthberieirs the utility and the
production function. In particular, the generation of health services is defined by decreasing returns
(Forster, 1989; Ehrlich and Chuma, 1990; Grossman, 1972) whereas human capital accumulation is
modelled using constant retgriio scale (the weknown knifeedge condition on the human capital
accumulation dynamics). In this context, the social planner chooses the fractions that are respectively spent
on human capital accumulation and health services production. This chometsrop the average health
level, and thus on the human capital accumulation, the production of the final good and the utility function.
Two polar cases can be distinguished from this model. If the impact of the average health level on
longevity is an extmality, health becomes a pure complement to groighany reallocation ofabour

32 In the original formulabn of his theory, Becker (1964) pointed to health as one component of the stock of
human capital, but then focused in his early empirical work exclusively on education.

33 Longevity being proportional to the average health level of the population.
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from the health sector towards the human capital sector leads to a decline in growth. In contrast, if the
impact of the average health level on longevityniernalised(as in their model), then increases in the
demand for health services, as for instance caused by an ageing population, will adversely affect growth.

Other elements relating longevity, human capital and growth have been considered in the theoretical
literature. Indeed, the expansion of life expectancy allows for higher returns to be obtained over a longer
period of time and thus create incentives to invest more in education (k@eaahet al, 2000; De la
Croix and Licandro, 1999). In contrast, a reduttof life expectancy leads to higher competition for
resources between the consumption and health needs of the elderly and the investment on education of the
young population (Zhangt al, 2003). In particular, Zhangt al. (2001) show that the effect af life
expectancy extension on lomngn economic growth will depend on the utility parameters and the social
security system. For instance, with a f@syou-go social security system, an increase in longevity will
accelerate gparent'sralueonthe welfre of their children and not the number of their children.

5.2 Doeghealth contribute togrowth in rich countries?

Confirming the above theoretical arguments, on a worldwide level, better health, typically measured
by life expectancy, appears as a dighic ant deter mi nant of a countryos
some cases contributing even more than education (seé-I8atéin, Doppelhofer and Miller, 2004,
Hongbin, Zhang and Zhang, 2007; Logeasanovas, Rivera and Currais, 20’65

But the effectof health andongevity on growthis not so clear cut for developed countriésnon
active people argetting older and older through an increase of life expectancywithisot expand the
labour force nor the returns on investment in educatigraming. However,longevityalsoa f f ect s ager
willingness to substitute consumptiorerthe life-cycle Individuals with a higher life expectancy tend to
be more patient and thus have higher levels of savidgeeris paribus this should yieldhigher growth
(Reinhart, 1999). Overall, life expectancy will affect growth via three different links: the saving decision,
the labour market participation, and the competition for resources between the differeitiesactiv
Therefore there is no consensus aboutetffer an increase of life horizon has a positive or a negative
effect on growth, or simply does not affect it at all.

It could be noted thatepirical studies often rely on poor proxies of health. The contribution of health
is measured by lifexpectancyiotal health care expenditures, child mortality, or the mortality of some
spedfic diseases. These explanatory varialidéien fail to capture the plausible pathways through which
health may enhance growth through its effects on labour market partinipatarker productivity,
investment in R&D and human capital, savings and population age structure (Bloom and Canning, 2000;
Bloom and Canning, and Sevilla, Z)&Easterlin, 1999).

In addition, the fact that the relation between health (or its proxies)geowith is weaker for
developed countries coulik due to a nefinear relationship, positive at low levels of development and
insignificant or negative at higher levels. Bhargaval.(2001) use adult survival ratese(, the inverse of
adult mortalityrates) between ages 15 and 60 as a health proxy in order to assess the effect of health on
economic growth in a worldwide panel data set for the period 1965 to 1990. Using an interaction term

34. It could be noted that disentangling the role of health in the context of standard growth regressions faces
several general econometric challenges that have been highlighted in the literature (Pritchett, 2006;
Rodrick, 2005; SakxMartin, Doppelhofer, and Mer, 2004). In this context, recent papers have
developed alternative approaches, for instance a macroeconomic production function model of growth
(Bloom and Canning, 2005).
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between the health proxy and per capita income, they detedtedshold income level beyond which
adult survival rates have negligible or evenatiag effects on growth rates.

Using data from more than 50 developing and developed countries, Jahialb(004), find that
increases in physical capital stock dontngaccounting for 67% of total growth) but both educational
improvements (14%) and health improvements (11%) make up for an important shar&osbo.
importanly, investment in health presents diminishing returns, consistent with thésrespbrted by
Bhargava (2001). Aese resultsequire some qualification-irst, given lack morbidity or disabilitydata,
only mortality ratesare used aa proxy for overall health conditionslowever it is plausible that changes
in morbidity may also be significanbif income growth while they are only partially correlated with
mortality decline and they might lag mortality decline. Second, health improvementstabage 060
(the threshold used in Bhargagtal, 2001) may have an impact on retirement deciasiah mayfurther
improve even if the adult survival rate have alreaghched high levels.

Focusing on higlincome countries, Knowles and Owen (1995) incorporated a proxy for health in the
Manki w, Romer and Weil 6s ( MRW) @&amogsiseciion @ 84 cguntriesvt h n
for the period 1960 to 1985, using OLS estimateSheir results suggest a stronger, more robust,
relationship betweeper capitaincome and life expectancy, than between income and educational human
capital. Forasubsampe of 22 high income countries, no statistically significant impéhdfe expectancy
was found.

Rivera and Currais (1999a, 1999b, 2003) examine the impact of healtrassaectionof 24 high
income countries using an augmented MankiRomerWeil model*® In contrast to Knowles and
Owen(1995) they use health expenditures as a proxy for health status, arguing that mortality rates
represent a very limited indicator of the output of health care systewised, nedical care is not
exclusively or primarilyaimed at influencing directly the probability of dying. In the absence of reliable
time series data capturing both mortality and morbidity, the choice of health expenditures can not be
entirely dismissed. Both OLS and 2SLS estimates carried oufusing several instruments, such as
alcohol consumption, rate of population over 65 years old, beplatient care per 1,000 population, etc).
Results suggest a fairly robust positive impact of health (expenditures) on income. Following a similar
approach, GyhahBrempong and Wilson (2004) and Beraldb al. (2005) also found fairly, robust,
statistical significant positive cartbution of health expenditures arowth. The endogeneity of health
expenditures to GDP per capita could nevertheless be a seriadmdkan this type of studies.

Along these lines, recent contributions have focused more narrowly on the links between government
health spending and growth. Agenor (2005) concentrates on the potentiabfirbeééwveen health and
other public services,suich as education, security, and infrastructure servic¢ls. optimal allocation of
government spendinig determinedn an endogenous growth model where public expenditure is an input
in the production of final goods as well as health servibesis model health is treated as labeur
augmenting and nosaseparate factor of production. In particular, the amount of effective labour services
provided by a worker is assumed to be proportional to his average health level. At the same time, health
servicesem@r i n the householud éffect directlylthe telfaref TUspecificationnof and t
Agenor (2005) is close to the model proposed by Barro (1990), and thus do not display any transitional
dynamics (reducedK model) when the flow of health saeces is considered. An increase of public
spending on infrastructure increases growbth through anincrease ininfrastructure services to

35. The authors argue that (noeported) 2SLS estimates gave qualitativelynilsir results. The 2SLS
estimates use lagged values of potentially endogenous regressetsategy they acknowledge to be the
natural choice in time series regressions but not in @osstry regressions.

36. These regressions are conducted over tlaesy&9601990 in Rivera and Currais (1999a, 1999b), and for
19602000 in their 2003 article.

32



production ando health services. But it alseduceghe resources allocated to health and héeadsto

lower productivity and growth. The net effect is ambiguous and depends on the calibration of the
parameters of the economy. When both the production and utility function depend on the stock of public
capital in health, no general results can be derived.

In contast, Aisa and Pueyo (2005, 2006) analyze the impact of government spending in a model of
endogenous longevity. Aisa and Pueyo (2005) endogenise life expectancy by allowing the probability of
survival to depend on health care public expenditures. Moretheeraccumulation of the health status
depends on public health care expenditures as a percentage of income (Rivera and CurraisTHee9).
modelalsofollows Barro (1990). The production of final goods is obtained by combining private capital,
labour and productive public services. Both public expenditures, which represent a constant fraction of
GDP, are financed through taxes. Therefore, there is adfatbetween the amount of productive public
services allocated to the production of final goodstaedamount of health expenditures, which leads to a
higher health status and thus increases the survival probability. Their theoretical results shdigtieat a
life expectancy leads to a higher savings rate and to an expansion of the labour foreddtine
participation effect). Depending on the parameters, these effects may enhance Bubowiba and Pueyo
(2005) acknowledge that this effectlikely to be less clear cut in OECD countrieghereefforts to
increase life expectancy may have a niegagffect on longun growth. By modelling a nhemonotonic
effect of government spending on economic growth, Aisa and Pueyo (2006) obtain similar results. Public
expenditures have two opposite effects. On the one hhay,reducethe impatience of consiwers by
lengthening life which promotesaving and growth. On the other hand, resources devoted to health are at
the expense of other factors, especially the accumulation of physical capith reducegrowth. All in
all, the effect of public expenditeis is mixed.

Surrounding this analysisan important question is whether health care expenditures contiibute
health outcome<£=choing some of the results obtained at the micro or individual level presented in section
2, results appear particularly mtkewhen examining the relationship at thggregatelevel. Earlier
commentators have argued that the role of healthcare was rather small and may even have been detrimental
(llich 1976, McKeown 1979). In fact, the impact of "curative medical measures" empmably be
assumed to have had little effect on mortality decline prior to the2@tid century (Colgrove 2002). Since
then, however, the scope and quality of healthcare have changed almost beyond recognition, but the debate
about the relative role of hih care continues.

Explaining themixed resultobtained so farSuhrcke and Urban (2006) argued that there is very little
variation in life expectancy among rich countries (much in contrast to the wide variation among poor
countries). They also shareetview that the link between health expenditures and health outcomes is far
too poorly understood for the former to serve as a proxy of the latter. For this reason, they use a health
proxy that at least displays significantly greater variation among c@imtries and is particularly
characteristic of the health challenges that these countries are fd@rogirdiovascular disease (CVD)
mortality among the working age population. Starting from a worldwide sample of countries
(acknowledging data problems €VD data for low and middle income countries), they find that that the
effect of workingage CVD mortality rates on growth was dependent on the level of initigigopson
GDP. They therefore split the sample into (broat#fined)low- and middleincomecountrieson the one
hand, and higincome countries (26pn the other hand. Results were remarkably robust across different
specifications and methods. In their preferred estimate, a 1% increaseCvibhmortality rate was found
to decrease the grolwtrate of peiperson income in the subsequent five years by about 0.1% in the high
income country sampf@While 0.1% is a small amount in growth terms, isigeablen absolute money

37. They also assume a constant depreciation rate as in standard accumulation equations.

38. The result is based on a panel of fixear intervals between 1960 aRd00, and includes a set of standard
controls (including initial income, openness, secondary schooling, etc.). The authors used a dynamic panel
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terms wheraccumulatedver many yearsAs an aside, # authors did ot find a significant influence of
CVD mortality on growth in the lowand middleincome coatry sample.

Weil (2005) uses three microeconomic indicators of health: average height of adult men, the adult
survival rate for men and age of menarche for workks preferred estimate leads to the conclusion that
eliminating health differences among countries would reduce the variance of (log) per capita GDP by
9.9%. But this effect tends to be smaller than what is derived from-coossry regressions. Bloom and
Canning (2005) compared the size of the microeconomic estimates of effect of health on wages with the
macroeconomic estimates of the effect of health on worker productivity using a calibrated macroeconomic
production function model. However, their databaerived from the Penn World Tables also includes
nonOECD countries, thus making difficult a comparison.

Most importantly, the positive impact of improved health on economic growth hasirbesany
countries prevented by a fixed and too low retirement.a@nce institutional incentives for early
retirement are lifted and the effective retirement age increases, through labour market participation of the
elderly, the health status could have a more important role on growth.

5.3 Mechanical impact of ageingrd individual productivity

A reason why the impact of health on growth may not appear as strong as it could be éxpketed
futureis related to the question pfoductivity levelvs. growth effects.Indeed,while health could be seen
as a labouaugmeting factor increasing the level of individual productivity, its effect could not be
sufficient to generate a growth enhancing mechanism. To se@dinis we follow here a numerical
simulation on the impact of ageing on productivity carried out by Q@#vMartinset al (2005). They
postulateddifferentscenarios for the relation age between age and productivity, as displayed in Figure 5.1.
It is commonly assumed that individual productivity follows a (quadratic) invertstidped age profile
(e.g. Miles, 1999). However, ira more optinistic ageproductivity profile productivity could stabilise
aftera certain age up to retiremgpf. Aubert and Crépor2003).The impact of health caia this context
could be envisagedsinducing, br example,a stabisationin the health status at older ageat would
prevent productivity to fall. The question is how much thisuld make a difference for aggregate
productivity?

[Figure 5.1 Different age-productivity profiles]

The impact of eachypotheticalindividual ageproductivity profileon aggregate productivity can be
derived by applying them to population projections 20050 used in this pape@liveira Martinset al.
(2005) made this calculation for the US, Japan, Germany and Fr&uwmparing themost gtimistic
scenario, assuming a flat productivity profile for-alge workerswith the more pessimistic one, where
productivity declines steadilyshows a level differencdéiowever, the order of magnitude of the change is
small (+£2.5%) and this level edtt would stabiliseelatively rapidly (Figure5.2). Therefore it would
hardly induce a significant growth effecNonethelessa better healthcould still help maintaining
individual productivity levelswhich combined with reforms that would create inbe#s and conditions
for extending working liveswould still have a significant macroeconomic impaatough labour force
participation, as illustrated by the simulations presented in setabove.

[Figure 5.2 Mechanical impact of ageing on productiviy levels]

growth regression framework, taking into account potential endogeneity problems from reverse causality or
omitted variables, which might determine both CVD mortality and growth simultaneously.
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5.4 R&D, innovationand market structure in the health sector: Europe vs. the US

An importantchannel through which the health sector could influence growth iR&fe activities
Sanso and Aisa (2006) propose a model in which health is aneeofygrowth. More specifically, the
biological deterioration rae0t he r at e at which the effectiveness
l evel of heal t h decr e adseaskeya parametet io ddtedmina the stgestdig wt h o
growth rde. In this respect, Sanso and Aisa (2006) develop a dynamic general equilibrium model in which
they integrate the accumulation of human capital, innovation in medical technology, health and longevity.
In this framework, whentggemntfs |ddéei,det hen nteleai rt c
deterioration rate encourages medical research, and thus growth, which permits in turn to finance medical
research and health care expenditures

In this perspective, the sdtion in the US contrasts with Eyp® We will focus here on the
pharmaceutical sectdffor a description and analysis of the medical devices sest® Pammolliet
al. 2005) The USis increasingly outperforming Europe (and Japan) as the main player in medical
innovation when looking atstandard measures of R&D inputs (measured for instance by R&D
expenditures) and outputs (measured for instance by patents and patent citations). The comparatively
stronger emphasis in Europe on cost containment through its Social Security price andsesirabtr
regulations goes a long way in explaining these differences. This is what has arguably led to slower
implementation of costnhancing technology in Europe. In the US, with very limited incentives for agents
to consider the costs of treatment, thbes accordingly been very limited incentive to invest in-cost
reducing R&D. The EU health sector has therefore been in the position to take advantage of the
development of new technologies elsewherbiefly the US- as it has been able to introduce thaowly,
after the expensive early stages of implementation. While this has certainly contributed to lower average
costs (at the expense of delay in implementation), it is hard to say what the effect on overall productivity in
the EU has been. In evaluatitige comparative performance of the different systems it is also important to
take into account the tragdfs involved, for instance in terms of its effect on access to health care, which
has becomenuchskewed in the USase

Before entering into theedcription of innovation outcomes of the pharmaceutical sector it is helpful
to develop an idea of some basic characteristics of the market, and how they differ between the EU, the US
and Japan. Overall, the pharmaceutical industry is a significant beitineless comparatively small sector
of the economy. At the same time it displays a high level of productivity and is an exceptionally R&D
intensive sector. The US market is not only the biggest but it has also been the fastest growing recently. In
recentyears the US pharmaceutical market, measured by saledatery prices, has grown faster than
European markets (Tabk1). The US market is currently twice as large as thelblaggregate, and
accounts for approximately 50% of the world market forptaeuticals (up from 31.2% in 1995). Europe
held a 30% share of the gl obal phar maceuti cal ma
12%. China, Brazil and Indianot shown hereare growing fast, gaining shares in the international market
(EC 2006).

[Table 5.1 The size of the Pharmaceutical markets (million Eurog)
5.4.1 A comparison ofmedical innovation input and output
Research and Development (R&D) is particularly important in the pharmaceutical industry. Despite
data limitations and ethodological problems, there have been some attempts to measuraqehsdical

R&D expendituresd.g, Figure5.3). The data shows an increase in R&D expenditures at least in Europe
and the US, with the US overtaking Europe in recent years.



[Figure53Phar maceuti cal R&D expenditure in Europe,
prices andexchange rates)]

Although R&D expenditures have generally increased globally, the innovative output has declined
over the past decades. This becomes for instand#evisi the number of new chemical entities placed on
the world market (Figuré.4), indicating a decline in all three countries/regions. The Figureshlsws
that while the European pharmaceuti cal i ndofstry |
new medicines, over the past decade, the United States has become the dominant player, including R&D
where Europe is undeepresented in some crucial research fields such as biotechnology. Between 1960
and 1965, European companies invented 65%eo¥ nhemical entities (NCEs) placed on the world
market. Forty years later their share had fallen to 34%. The latest data available (peri@@@)0ghow
the predominance of the United States which has now become the leading inventor of new moléeules in t
world.

[Figure 5.4 New chemical or biological entities]

The most widely used indicators in the empirical literature for the measurement of technological
change are patents and of patent citations. Patents are a unigque source of information atativeinnov
activities, particularly in the pharmaceutical industry, where they play a prominent role in protecting
returns from R&D. Tabl®.2 represent all pharmaceutical and biotechnological patents granted from 1974
to 2003 by the United States Patent anad&mark Office (USPTO) to inventors and institutions located in
the US, Japan, and the EU.

[Table 5.2 Shares of USPT@ranted pharmaceutical patents by countries on the nationality of
the assignee and location of inventor]

Data indicate that the US isethmain locus of innovative activities, and that its lead has grown over
time. Table5.2 shows that the majority of patents in biotechnology and pharmaceuticals are held by
inventors located in the US. The number of pharmaceutical patents held-lbgse@mventors increased
by 7 percentage points between 19893 and 199£2003. The increase is even more striking if we weight
each patent by its importance, as approximated by the number of citations it receives (se&Table

[Table 5.3 Shares of patentcitations of USPTO-granted pharmaceutical patents by countries
based on the nationality of the assignee and location of the inventor

Interestingly, the share of EU inventors is higher than the share of EU institutional assignees. The
opposite is true fothe US, even if the imbalance is gradually disappearing. In other words, there are more
European inventors involved into research assigned to US organizations and performing their research in
the US than vicerersa, although the globalisation of R&D adiis is gradually eroding this disparity.

The US dominance appears even stronger when we consider patent citations data. In fagy Table
suggests that on average patents assigned to US institutions have a much greater impact on future
innovative actrity. US biopharmaceutical patents received 5.56 citations on average between 1994 and
2003, far more than European (2.92) and Japanese (2.07) ones. Furthermore, the largest share (almost half)

39. It is important to note that in recent years, the number of patents in pharmaceuticals and biotechnology
granted by the Chinese patent office has increased. The san®sdppUS patents granted to Chinese
inventors. These increases indicate a process of accumulation of scientific and technological capabilities.

I ndi aébs recent performance in biopharmaceuti cal i
thatof China. If these trends persist, China and India will strengthen their positions, becoming attractive
and competitive destinations of foreign direct outward investment by multinational corporations (EC
2006).
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of the European and Japanese citations go to US patentsjghlttios finding must be interpreted with
caution, since we are considering data on patents granted by the USPTO. Nevertheless, the trends in
pattern of citations of the EU citing US and JP citing US reveal an increasing importance of US research
for invertors located in Europe and Japan.

[Table 5.4: Patent citationg
5.4.2 Market structure characteristie@xplainingdifferences in innovative performance

There are significant differences in market structures between Europe and that d&elikely to
affect incentives for R&D. Price differences between the US and%®ldre accounted for entirely by
differences in prices for branded drugs. In fact, prices of generic drugs in the US are substantially aligned
with prices in the ELL5. In a few countries, shas Germany, generic prices are even higher than in the
US. Price at entry for branded drugs is 43.4% higher in the US than average price in the market. The
corresponding price gap in the B3 is 28.2%, and in Japan just 3.9%. US generic products, Iraspn
are priced at 60.3% of the average prices in the market.

These price differentials between the US and Europe reflect radical differences in the extent of market
regulation. Prices for branded drugs in countries with free or-seguiated pricessuch as the US and, to
a lesser extent, UK and Germangre higher than in countries where more direct forms of price regulation
are in place, such as ltaly and France. At the same time, the relatively unregulated markets tend to
experience fierce priceompetition after patent expiry, since higher prices of branded drugs represent a
strong incentive for generic entry and price competition a la Bertrand (Paretrall/i2002; Magazzinéet
al. 2004). Generic penetration in terms of volume is much highénanUSA (33.®6 of the market in
2004) and UK(31%) than in the average E1b (13.8%) and JapdR@.6%). The possibility to command
substantially higher market prices for new and branded drugs can act as a powerful incentive for R&D and
capital investmentthat can explain, to a certain extent at least, the different trends characterising the EU
and US pharmaceutical industries.

Overall, the US market is more concentrated than all the most important EU markets (Germany,
France, Italy and Spain, but not ti&), as well as Japan, China and India. On average, the three leading
products in each of 100 different therapeutic categories account for 85.6% of total market share in the US,
as compared with a total market share of 76.5% in th&Ut is clear thaEuropean markets are much
more fragmented than the US market. The US market is as concentrated as the European one in terms of
volume, while it is the most concentrated in terms of sales. To a large extent, the high concentration of the
US market is dueotthe "premium price" that best-class products can command. Indeed, the relative
price of the market leader in the US is 44% higher than the market average rpoce than in Europe
(22%) and Japan (15%).

Higher concentration in the US market does imply less competitianhowever On the contrary,
firm turnover in the US is almost double that of the-EdJand EW25. The "premium price" for new
innovative drugs tends to induce higher levels of industrial concentration in the US. The lower tafnover
EU markets translates into a higher persistency and a lower contestability of the leading products. The US
average persistency of the leading product is slightly less than 6 years, while in the EU it is almost 10 years
and in Japan more than 15 years

The US market haalsothe highest product turnover. The US rate is 59.5% higher thah5EENd
38.8% higher than Japan. The most striking difference is found in product exit rate, which is on average
77.2% higher in the US than in the B8, and 40.7 higer than in Japan. Product entry rates are 51.3%
higher in the US than in the ELb, and 38.8% higher than in Japan. Therefore, the process of creative
destruction is much more intense in the US market than in European or Japanese markets.
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All in all, the US pharmaceuticamarketseemshighly contestable; product turnover is much more
frequent than in the EU and Japan; and competition from generic producers is substantial. US market
behaviour is consistent with that of a market characterized by Schumapetampetition, where
innovators can gain temporary quasdnopoly profits, which in turn spur innovation efforts by
competitors that quickly leads to more innovative products and a high turnover of market shares. Dynamic
competition is less evident indiEU as a whole, and especially in certain continental European countries.
As documented extensively in Gambardella, Orsenigo and Pammolli (2000), there is too little market
based competition in some of the European countries, resulting in-effieemntindustry, as reflected in
productivity indicators and market performance.

6. Summary and policy discussion

Since human capital is the main driver of productivity and growth in knowledged economies,
health should also matter for economic outcomes.the context of rapid population ageing, the
contribution of health for human capital and hence for growth potential could therefore be expected to
become increasingly important. This paper tackled this issue by offering an integrated view of the
relatiorships between, health spending, medical innovation, health status, growth and welfare.

We started with theobsevation that longevity has increased steadily in developed countries.
Providing labour market and pension reforms offer the right environmerghewed that these longevity
gains could be used to smooth the negative effects oflthatoy bust on labour force, notably in Europe.
A key condition, however, is the existence of a virtuous cycle between longevity and healthsstatus (
called"healthy agang"). Despite the uncertainties on whether healthy ageing could continue in the future,
improved health status can be (and has been) achieved to a significant extent through improved health care.
The evidence reviewed here, suggests that the value sdttituthe resulting reduction in mortality and/or
morbidity, at least for specific interventions or treatments, most often exceed thamddtashas been a
worthwhile investment.

But health care is costly and developed societies are spending asingrehare of their income in
health services and products, with already strained public budgets paying most of the bill. This rising
expenditure trend has little relation to demography, but it is rather driven by consumers' preferences for
longer lives ad the diffusion of technological progress. We progiganpirical evidence that health
expenditures tend to grow in line with incomes (unifagomeelasticity) on the top of this incomeffect,
it is the change in medical practices that explains ma$ieadrift of health expenditures per capita.

The structure of health insurance, as well as the regulation of health care supply might also encourage
some costly innovations with a small benefit in terms of social weRasxention policies should alse b
considered in this regardihe paper focused on curative treatments, adopting a somewhat narrow
perspective of Ahealth investment 0.7 thfohghthpledlte nt i al
care system or beyondl to improve health and thdrg perhaps even to alleviate the future health
expenditures burden is still a matter of some debate (Fries, Koop, Sakosdv1998; Harvey 1998).

While more work to clarify the potential health and fiscal benefits from prevention is clearly warrhated, t
value of nokclinical prevention may even become more important in the future, given the already big and
rising challenge of obesity affecting essentially all rich countries (and not only).

Policies have to define the limit between the package of thealte services which awvered
through a mandatory health insurance (public or private and regulated through a managed competition
scheme), and the other services which will be covered by a private voluntary insurance. In each country, a
fine tuning shald allow to take into account social preferences relative to the pace of technological
progress, equity in access to innovations and tax burden.

38



Given the various determinants of health expenditures, we carried out several projection exercises
leading tothe conclusion that the expected increase in the resources directed to health care by 2050 is
substantial (ranging from gercentage points in a conservative scenario to abopert2ntage points of
GDP). The gquestion then arosm what could be the likglimpact of these developments on economic
growt h, and what could be the i mpact, if longevi
role for investing in health to act as a driver of the European catching up with the US in terms of GDP per
capita?

Despite convincing theoretical argumenks @émpirical evidenceeviewed in ts paper on thénpact
of health and health spending on economic growth in rich countries is rather Riredbly, the positive
impact of improved health on the econohas been hindered by a fixed and too low retirement age. Once
institutional incentives for early retirement are lifted and the effective retirement age increases, through
labour market participation of the elderly, the health status could have a maraimpole on growthit
may seem a bit paradoxical that Europe is doing better than the US in terms of life expectancy, but is
falling to capitalise on these additional human resources by haaihgretirement and long inactive lives.
Simple numerical simulations support the view that thebour market participation effei likely to be
more importanthana hypothetical increase in the individual level of productivity associated with a better
health status.

Finally, given the role of preferences atm# demographic transition, the global market for health
services and products is huge. Satisfying this demand offers a potential for growth, but the EU is lagging
behind the US in terms of healtblated R&D and innovation. This is partly due to differes in
regulation and market structure, which would require appropriate product market rdfotims.context,
ageing countries could take advantage of longevity and develop goods and services targeted to the older
segments of the population. This woudddild new dynamic comparative advantages, reinforced by fast
technical progress in biotech sectddserall, health policies are connected and are often complementary
with other areas (e.g. public budgets, labour market, pensions, etc.), so reformsheekecbtzbased.
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ANNEX I: SPECIFICATI ON OF THE UTILITY FU NCTION AND THE INCOME ELASTICITY

In this Annex we show the relation between the specification of the utility function used in Hall and
Joneq2007) and the value of the income elasticity. Assumeathkatial planner chooses consumption and
health spending to maximize the utility of the individualy the optimal allocation solvethie following
program

max, f(H U ¢st c h+

where
c?
uic=b +1—

f(h)= AH" .

This programme is simil ar td4dnthemantektaUnder sandadd J o n e ¢
regularity conditions te firg-order conditions are given by:

f(hyui(g-/ 0O (@H)
filhu(g-/ =0 )
cth =y (3)
Using (1) and (2), whave:
f(h) _ u(9
fithy u(q
or
h_»h,
¢ h,

where/r, =h{8) and#, =4

u(c) -

Solving the firstorder conditionsve one obtain:

_db+gl
h= qa ?C.—g

whichimpliesfrom equation(3) :

éb+% o}

C"‘C/agc.—g gy

¢ e

It is straightforward teseethat
dc 1

&y @ ol %) @
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ho= 1
gt E)as)

Wheres*=hly is the optimal share of health spending in GDP. Some algeheaiipulations yield the
incomeelastigty of the health demand:

The income elasticity depends dm, g, and g, (since S depends orf1, and /_, which in turn
depends on the parameterswfand f ). In particular, it could be larger or lesser than one, depending on
the values of the parameters and the optimal consumption alloddtiever, inthe particular case where
b=0, we haves =hy 11 /o, &) 1@ (¥ J ,)and the income elasticity is equal to one. In

other words, the fact that the optimal share of health spending is rising with GDP depends critically on a
strictly positiveb parameter. Hall andones acknowledge the critical importance of this condition for their
results, without establishing the formal relationship between the form of the utility function and the income
elasticity.
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ANNEX Il : DATA SOURCES AND METHOD S OF HEALTH EXPENDIT URE PROJECTIONS*

Estimating death-related costs

The primary data for 18 OECD countries are drawn from the AGIR data set (Westerhout and
Pellikaan, 2005, based d&C-EPC, 2001) for ELL5 countries andrém national sources for Australia,
Canada and United States.

The cost of death for the oldest group (95+) is assumed to be the lowest and was proxied by their
observed health expenditure per person when available. For France, Germany, ltaly, UniteinKingd
Spain, Netherlands and Australia for which the expenditure for the oldest group were not available, the
cost of people aged 78 was taken as a proxy. In fact, when available, expenditure at age 95+ is roughly
equal to the level of expenditure at afe79. For the countries where no cost expenditures were available,
the cost of death for the oldest group was estimated by taking 3 times the average health expenditure per
capita.

The costs of death for other age groups are then derived by multiplisrestimate by an adjustment
factor equal to four between aded to 5559, gradually decreasing loafterwards. Multiplying these
costs of death by the estimated number of deaths by age group (using mortality data) gives the death
related cost (DRC) cue.

Calibration of the expenditure curves on the OECD Health database

The cost curves derived for the year 2000 were first calibrated in order to fit with levels of 2005, the
starting point of the projections. The total health and H@nm care expenditas for 2005 being not yet
available in the OECD Health Data (2005a), an estimate was made by applying the observed growth rate in
expenditures 2002003 (or 2002, depending on the countries) for the whole periodZUTH A second
step was to split theotal spending into health and lotgym care. The details of this split are provided
below and involved an estimate of the shares of-teng care expenditures using OECIDO5b).

The costs of death by age group for 2005 were derived by applying thegeanik rate as the total
health expenditures between 2000 and 2005. The total-ctated costs in 2005 were computed as the
product of the cost of death by the projected number of deaths by age group in that year. The total survivor
expenditures weréhen derived by subtracting the total desdtated costs from the total health spending.
Using this information, the survivor cost curve was calibrated proportionally for each age group.

Projecting the demographic effects under a "healthy ageing" scenario
Shifting the survivor cost curve according to longevity gains involves two steps:
(1) The survivor expenditure curve by fiyear age groups is interpolated in order to derive a profile

by individual age. In this way, the cost curve can be shifted snyoél time in line with life expectancy
gains.

40 This Annex draws from Oliveira Martins drme la Maisonneuve (2006).
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(2) An hneffective ageo is calculated by subtrac
national projections from current age. For example,-g€&d old person in Germany is projected &wén
an effective age of 67 by 2025 and 64 by 2050.

The starting point of the projections

The projected changes in spending expressed in percentage of GDP were calculated from a common
base applied to all OECD countries. This base was taken as the OEGDeavérexpenditure in 2005.
These changes were added to the initial level of expenditures in each country. This approach makes the
projected changes (expressed in percent of GDP) less dependent from the base year levels and also allows
for a certain catclup of expenditure ratios across countries. More precisely, the variation of the share of
expenditure to GDP in countjypetween, say, 2005 and 2050, is calculated as:

D%Expendltue G ox pgDIog(Drivers){ +|OgéExpenditue o)

= oop  |nud o s, OF GDP ety
aExpenditue o)
? GDP 85%%83%“9"5
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Diagram 1. Links between Health spending, Technological progress, Longevity and the GDP
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Figure 1. Evolution of Total, Public and Private OECD health spending
(in % of GDP)
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1. Unweighted average of available OECD countries. Including long-term care expenditure.
Source : OECD Health Database (2006).
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Figure 1.1 Historical trends in female life expectancy, 1840-2000 !
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1. Country with the highest life expectancy. The linear trend: slope=2.43 and R?=0.98.
Source: Oeppen and Vaupel (2002).
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Figurel.2 Simulations of the effect of ageing and longevity on the labour force®

United States
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(1) The labour force projections are derived from te baseline scenario of Burniaux et al. (2003). The longevity
indexation method is described in Oliveira Martins et al. (2005).
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Figure 1.3 Simulations of the effect of ageing and longevity on the working-age population

United States
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Figure 1.4 Simulations of longevity indexation on dependency ratios
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Figure 2.1 Proportion of people aged 65 and over (demographic effect), France
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Figure 2.2 Individual health expenditure by age group (Euros), France
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Figure 2.3 Health expenditures by age group (euros), 1992 & 2000, France
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Figure 2.4: Individual health expenditure ($) in relation to death proximity
Medicare beneficiaries (USA)
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Figure 2.5: Individual health expenditure ($) by age group decedents versus survivors
Medicare beneficiaries (USA)
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Figure 2.6: Decomposition of the drift of the age profile of individual Pharmaceutical
expenditures, France (micro-simulations), 1992-2000
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Figure 2.7: Changes in the surgical treatment of heart attack USA, 1984-1998
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Figure 2.8: Share of angioplasty procedures involving stents in heart attack admissions
Selected countries 1994-1998
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Figures 2.9-2.11: Use of cataract surgery, hip and knee replacement in OECD countries
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Figure 2.12: Life expectancy at birth in the EU-15 and the US, 1990-2004
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Diagram 2.1: Three possible scenarios for future changes in morbidity at a given age
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Figure 4.1 Public Health care expenditures by age Groups®, 1999

(in % of GDP per capita)
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Figure 4.3 Demographic effects on health care expenditure
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Figure 4.4: The increase in the optimal share of spending devoted to health care
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Figure 5.2 Mechanical impact of ageing on productivity levels
(Per cent changes relative to 2000 levels)
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Figure 5.3 Pharmaceutical R&D expenditure in Europe, the US and Japan
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Figure 5.4 New chemical or biological entities
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Table 1.1 Increases in life expectancy for different age groups

Change in years over the last 40 years !

Females Males
atbirth atage40 atage 60 atage65 atage 80| athirth atage40 atage60 atage 65 atage 80
United States 6.4 4.5 3.6 3.4 2.3 7.5 5.5 4.1 3.5 1.6
Europe
Austria 9.3 6.1 5.3 49 25 10.0 6.1 5.0 4.2 2.2
Belgium 7.3 57 51 4.7 2.3 6.9 4.9 3.8 3.1 14
Czech Republic 5.0 3.4 2.8 2.6 14 3.8 14 14 1.2 0.5
Denmark 4.9 3.3 3.0 3.0 n.a 4.1 2.2 1.8 15 n.a
Finland 8.5 7.0 6.1 5.6 2.6 8.7 6.4 4.8 4.0 1.6
France 9.1 6.4 5.8 5.3 3.0 8.2 5.3 4.6 4.0 2.3
Germany 8.3 5.7 4.9 4.6 24 7.8 4.5 3.7 3.1 1.6
Greece 8.2 5.7 4.6 4.1 1.2 8.2 3.5 3.2 2.9 14
Hungary 5.6 2.3 2.6 25 15 1.3 -2.6 -0.3 0.3 0.9
Ireland 7.3 5.0 3.8 3.3 n.a 6.1 3.7 25 2.0 n.a
Italy 10.1 n.a n.a n.a n.a 9.1 n.a n.a n.a n.a
Luxembourg 9.1 6.6 5.8 5.3 3.4 8.4 5.0 3.8 3.1 15
Netherlands 5.1 4.4 4.1 3.9 2.1 4.0 2.7 1.8 14 0.7
Poland 7.3 3.0 2.7 2.4 1.2 4.8 0.1 0.8 0.9 0.9
Portugal 12.9 4.4 3.5 3.0 n.a 11.5 3.2 2.3 1.7 n.a
Slovak Republic 4.7 n.a 2.2 1.9 n.a 0.8 n.a -0.7 -0.3 n.a
Spain 10.5 6.4 5.3 4.8 2.0 8.1 4.0 3.3 3.0 1.3
Sweden 7.1 5.6 5.0 n.a 2.6 6.2 4.2 34 n.a 1.4
United Kingdom 6.5 49 4.1 3.8 2.3 7.5 5.7 4.4 3.7 1.7
EU15 average 8.3 5.5 4.7 4.3 2.4 7.7 4.4 35 2.9 1.6
Japan 14.4 10.6 9.1 8.3 4.7 12.4 8.1 6.6 5.9 3.1
Memo item:
OECD average 9.1 5.3 4.4 4.0 2.3 8.2 4.2 3.2 2.6 1.5

1. 1960 (or 1961) to 2000 (or 1999).
Source : OECD Health Data. 78



Table 1.2. Comparison of past with projected gains in life expectancy
In number of years per decade

(A) average gains (B) projected gains
1960-2000 2000-2050" Difference (B)-(A)
United States 1.7 14 -0.3
Europe
Austria 2.4 14 -11
Belgium 1.8 1.6 -0.2
Czech Republic 1.1 1.3 0.2
Denmark 1.1 1.1 -0.1
Finland 2.2 15 -0.7
France 2.2 1.8 -0.4
Germany 2.0 1.2 -0.8
Greece 2.1 0.8 -1.3
Hungary 0.9 1.6 0.7
Ireland 1.7 0.9 -0.8
Italy 2.4 1.8 -0.6
Luxembourg 2.2 1.1 -1.1
Netherlands 11 0.5 -0.6
Poland 15 2.0 0.4
Portugal 3.1 1.1 -2.0
Slovak Republic 0.7 15 0.8
Spain 2.3 0.8 -15
Sweden 1.7 0.9 -0.7
United Kingdom 1.8 1.6 -0.2
EU15 average 20 1.2 -0.8
Japan 3.4 0.8 -2.6
Memo item:
OECD average 2.2 1.2 -0.9

1. Except for Spain 2026, for Finland, Italy, Poland and United Kingdom 2030.
Source: OECD/DELSA Population database and OECD Health Data.



Table 2.1 Explaining Health Expenditure growth, France

Variation 1992-2000 (%) Pharmaceutical Total
expenditures expenditures
Total demographic change 7.63 6.35
of which:

part of structural change 4.61 3.36
part of growing size of population 3.02 299
Changes in practices for a given morbidity 52.24 12.87
Changes in morbidity -9.24 -9.74
Changes in age dummies 14.11 -1.55
Other changes 2.53 45.95
Total variation 67.27 53.89

Source: Dormont, Grignon & Huber (2006)
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Table2.2 Micro simulation results for three technologies by the Future Elderly Model.

Intraventricular cardio
defibrillator

Prevention of

Al zhei mer

Compound that
extends life span
(mythical)

Annual cost

Population concerned

$ 37,500

50 % AMI patients

$720

100 % Medicare

$ 365

100 % Medicare

recipients recipients
Decrease in mortalit Delay of 3 years in Increase in life
Potential effect . y incidence => decrease expectancy:
rate : 10 % .
in prevalence of 1/3 +10 years
Cost of one year of life
saved $ 100,000 $ 80,300 $ 8,800
Increase in total o
Spending for +3.7% +8.0% + 13.8 % if healthy

Medicare in 2030

+ 70.4 % if unhealthy

Source : Goldman et al. (2005)
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Table 3.1: Pooled OLS regressions: Per capita Public health expenditures

Group 1 Group 2 Group 3

Variable [1] (2] [3] [1] [2] [1] (2] (3]

Per capita GDP 1661 1.649 1428 | 1.48  1.342 | 1557 1.441  1.406
[0.000] [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] [0.000]

Trend 0.002 0.011 0.007 0.005  0.002
[0.168] [0.000] [0.000] [0.000] [0.161]
POPY 0.762 -1.178
[0.000] [0.000]
POPP 0.278 -3.337
[0.417] [0.000]
POPO 1.332 -0.836
[0.000] [0.000]

Observations 773 773 773 614 614 557 557 557

Countries 30 30 30 19 19 17 17 17

Notes: p-valuesarein [J. Group 1 corresponds to an unbalanced panel of 30 OECD
countries for the period 1970-2002; Group 2 corresponds to a nearly balanced panel
of 19 OECD countries; Group 3 corresponds to Group 2 excluding Luxembourg
and Netherlands. POPY isthe share of young (0-14), POPP ismiddle -age (15
54) and POPOQiis old-age people (5574) over the total population.
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Table 3.2: Pooled OLS regressions: Per capita Private health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2 3] [1] [2] [3] [4]
Per capita GDP 1.084 0.962 1.124 1.159 0.678 0.527 1.459 1.117 1.034 1.291
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000]
Trend 0.017 0.007 0.023 0.019 0.016 0.018 0.025
[0.001] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY -0.791 -0.343 1.646  1.305
[0.014] [0.000] [0.000] [0.000]
POPP 0.387 2.651 2.471  1.348
[0.629] [0.000] [0.000] [0.029]
POPO -1.213 -1.333 0.967 -0.045
[0.000] [0.000] [0.006] [0.847]
Gate-keeping -0.309
[0.000]
Public System -0.206
[0.000]
Integrated System -0.736
[0.000]

Observations 773 773 773 614 614 614 557 557 557 557

Countries 30 30 30 19 19 19 17 17 17 17

Notes: p-values arein []. Group 1 corresponds to an unbalanced panel of 30 OECD countries for

the period 1970-2002; Group 2 corresponds to a nearly balanced panel of 19 OECD countries;
Group 3 corresponds to Group 2 excluding Luxembourg and Netherlands. POPY isthe share of
young (0-14), POPP ismiddle -age (1554) and POPO is old-age people (5574) over the

total population.



Table 3.3: Pooled OLS regressions: Per capita Total health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2 3] [4] [1] [2] 3] [4]
Per capita GDP 1471 1426 1.345 | 1441 1269 1243 1311 | 1559 1459 1456  1.502
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000]
Trend 0.007  0.008 0.008  0.005  0.005 0.004 0.004 0.006
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY 0.087 -0.997  -0.909 -0.093  -0.091
[0.164] [0.000] [0.000] [0.438] [0.512]
POPP -0.14 -2.215  -2.652 -0.268  -1.062
[0.271] [0.000] [0.000] [0.343] [0.002]
POPO 0.318 -1.104  -1.111 -0.032  -0.179
[0.000] [0.000] [0.000] [0.810] [0.000]
Gate-keeping -0.119 -0.102
[0.000] [0.000]
Public System -0.171 -0.104
[0.000] [0.000]
Integrated System -0.101 -0.109
[0.000] [0.000]

Observations 773 773 773 614 614 614 614 557 557 557 557

Countries 30 30 30 19 19 19 19 17 17 17 17

Notes: p-values are in [|. Group 1 corresponds to an unbalanced panel of 30 OECD countries for the
period 1970-2002; Group 2 corresponds to a nearly balanced panel of 19 OECD countriesGroup 3
corresponds to Group 2 excluding Luxembourg and Netherlands. POPY isthe share of young (0-14),
POPP ismiddle -age (1554) and POPOQiis old-age people (5574) over the total population.
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Table 3.4: One-way fixed effects regressions in the individual dimension
Per capita Public health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] 3] [1] [2] [3] [1] [2] 3]
Per capita GDP 1.591 0.936 0.698 1.551 0.933 0.884 1.597 1.017 0.931
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000]
Trend 0.017  0.021 0.015 0.013 0.014  0.014
[0.000]  [0.000] [0.000] [0.116] [0.000] [0.000]
POPY 1.074 0.175 0.241
[0.000] [0.111] [0.000]
POPP 3.704 1.357 1.347
[0.000] [0.000] [0.000]
POPO 1.668 0.814 0.858
[0.000] [0.000] [0.000]

Observations 773 773 773 614 614 614 557 557 557

Countries 30 30 30 19 19 19 17 17 17

Notes: p-values are in [].
countries for the period 1970-2002; Group 2 corresponds to a nearly balanced panel of 19

Group 1 corresponds to an unbalanced panel of 30 OECD

OECD countries; Group 3 corresponds to Group 2 excluding Luxembourg and
Netherlands. POPY isthe share of young (0-14), POPP is middle -age (1554) and
POPOQis old-age people (5574) over the total population.



Table 3.5: One-way fixed effects regressions in the individual dimension

Per capita Private health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] 3] [1] [2] [3] [1] [2] 3]
Per capita GDP 1.612 0.903 1.053 1.681 0.926 0.935 1.745 0.982 1.026
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000]
Trend 0.018  0.015 0.019  0.019 0.018  0.019
[0.001] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY -0.905 -0.612 -0.406
[0.000] [0.001] [0.022]
POPP -2.224 -1.69 -1.351
[0.000] [0.000] [0.009]
POPO -1.619 -1.506 -1.351
[0.000] [0.000] [0.000]

Observations 773 773 773 614 614 614 557 557 557

Countries 30 30 30 19 19 19 17 17 17

Notes: p-values are in [].

Group 1 corresponds to an unbalanced panel of 30 OECD
countries for the period 1970-2002; Group 2 corresponds to a nearly balanced panel of
19 OECD countries; Group 3 corresponds to Group 2 excluding Luxembourg and
Netherlands. POPY isthe share of young (0-14), POPP ismiddle -age (1554) and
POPOQis old-age people (5574) over the total population.
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Table 3.6: One-way fixed effects regressions in the individual dimension

Per capita Total health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2] [3] [1] [2] [3]
Per capita GDP 1554 0.863 0779 | 1541 0919 0.877 | 1.579 0971  0.905
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000]
Trend 0.018  0.017 0.015  0.014 0.015 0.014
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY 0.039 0.098 0.194
[0.686] [0.275] [0.049]
POPP 0.887 0.981 1.048
[0.008] [0.000] [0.000]
POPO 0.361 0.477 0.581
[0.002] [0.000] [0.000]

Observations 773 773 773 614 614 614 557 557 557

Countries 30 30 30 19 19 19 17 17 17

Notes: p-values are in [].
countries for the period 1970-2002; Group 2 corresponds to a nearly balanced panel of 19

Group 1 corresponds to an unbalanced panel of 30 OECD

OECD countries; Group 3 corresponds to Group 2 excluding Luxembourg and
Netherlands. POPY isthe share of young (0-14), POPP ismiddle -age (1554) and
POPOQis old-age people (5574) over the total population.
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Group 1

Table 3.7: Two-way fixed effects regressions

Group 2

Group 3

Per capita Public health expenditures

Per capita Private health expenditures

Per capita Total health expenditures

Variable [1] [3] 1 [3] [1] 3] [1] [3] [1] [3] [1 3] [1] [3] [1] 3] 1 3]
Percapita GDP | 0.952 0.719 | 0927 0935 | 0972 0967 | 0921 1.047 | 0976 00969 | 1.089 1131 | 0.876 0814 | 0917 0923 | 0949  0.944
[0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000] | [0.000] [0.000]
POPY 1.097 -0.068 -0.01 -0.973 -0.506 -0.255 0.081 -0.067 0.026
[0.000] [0.471] [0.918] [0.000] [0.003] [0.127] [0.384] [0.414] [0.759]
POPP 3.308 -0.013 0.03 -1.857 -1.175 -0.958 0.531 -0.038 0.114
[0.000] [0.954] [0.899] [0.005] [0.009] [0.040] [0.184] [0.837] [0.565]
POPO 1.716 0.504 0.544 -1.685 -1.388 -1.224 0.421 0.264 0.362
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Observations 773 773 614 614 557 557 773 773 614 614 557 557 773 773 614 614 557 557
Countries 30 30 19 19 17 17 30 30 19 19 17 17 30 30 19 19 17 17

Notes: p-values are in []. Group 1 corresponds to an unbalanced panel of 30 OECD countries for the period 19732002; Group 2 coresponds to a
nearly balanced panel of 19 OECD countries;Group 3 corresponds to Group 2 excluding Luxembourg and Netherlands. POPY isthe share of young

(0-14),POPP ismiddle -age (1554) and POPOQO s old-age people (5574) over the total population.
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Table 3.8: One-way error component model in the individual dimension

Per capita Public health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2] 3] [4] [1] [2] [3] [4]
Per capita GDP 1591 1.121 0913 | 1547 0981 0971 0992 | 1596 1.074 1.045 1.053
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000]
Trend 0.013  0.016 0.014 0.011 0.01 0.013 0.011 0.011
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY 0.969 0.041  0.027 0.138  0.129
[0.000] [0.812] [0.874] [0.453] [0.484]
POPP 3.247 0.896  0.943 0.902  0.958
[0.000] [0.046] [0.035] [0.053] [0.040]
POPO 1.636 0.661  0.658 0.724  0.725
[0.000] [0.000] [0.000] [0.000] [0.000]
Gate-keeping 0.015 0.009
[0.857] [0.922]
Public System 0.011 0.011
[0.919] [0.929]
Integrated System 0.184 0.181
[0.003] [0.008]

Observations 773 773 773 614 614 614 614 557 557 557 557

Countries 30 30 30 19 19 19 19 17 17 17 17

Note: The variance-covariance parameters are estimated by using the SwamyArora method. p-values
are in []. Group 1 corresponds to an unbalanced panel of 30 OECD countries for the period 1970-2002;
Group 2 corresponds to a nearly balanced panel of 19 OECD countries;Group 3 corresponds to Group 2
excluding Luxembourg and Netherlands. POPY is the share of young (0-14), POPP ismiddle -age
(15-54) and POPOQiis old-age people (5574) over the total population.



Table 3.9: One-way error component model in the individual dimension

Per capita Private health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2] 3] [4] [1] [2] [3] [4]
Per capita GDP 1599 0.938 1.102 | 1.675 0913 0.918 0.922 | 1.745 0987 1.023 1.035
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000]
Trend 0.018  0.014 0.019 0.02 0.019 0.018 0.019 0.019
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY -0.933 -0.589 -0.596 -0.376  -0.369
[0.000] [0.063] [0.060] [0.262] [0.270]
POPP -2.292 -1.585 -1.677 -1.216  -1.299
[0.000] [0.054] [0.042] [0.153] [0.126]
POPO -1.618 -1.489 -1.517 -1.319  -1.334
[0.000] [0.000] [0.000] [0.000] [0.000]
Gate-keeping -0.239 -0.245
[0.518] [0.379]
Public System -0.361 -0.059
[0.435] [0.871]
Integrated System -0.672 -0.662
[0.010] [0.002]

Observations 773 773 773 614 614 614 614 557 557 557 557

Countries 30 30 30 19 19 19 19 17 17 17 17

Note: The variance-covariance parameters are estimated by using the SwamyArora method. p-values
are in []. Group 1 corresponds to an unbalanced panel of 30 OECD countries for the period 1970-2002;
Group 2 corresponds to a nearly balanced panel of 19 OECD countries;Group 3 corresponds to Group 2
excluding Luxembourg and Netherlands. POPY is the share of young (0-14), POPP ismiddle -age
(15-54) anrd POPOiis old-age people (5574) over the total population.
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Table 3.10: One-way error component model in the individual dimension
Per capita Total health expenditures

Group 1 Group 2 Group 3

Variable [1] [2] [3] [1] [2] 3] [4] [1] [2] [3] [4]
Per capita GDP 1543 1.039 0.947 | 1537 0955 0919 0913 | 1578 1.058 0.994  1.003
[0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000] | [0.000] [0.000] [0.000] [0.000]
Trend 0.014  0.013 0.015 0.013  0.013 0.013 0.013 0.013
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
POPY -0.038 0.058  0.03 0.169  0.152
[0.697] [0.696] [0.685] [0.273] [0.324]
POPP 0.591 0.837 0.846 0.879 0.814
[0.015] [0.030] [0.029] [0.025] [0.037]
POPO 0.343 0.417  0.421 0.879  0.503
[0.000] [0.006] [0.005] [0.001] [0.001]
Gate-keeping -0.031 -0.033
[0.803] [0.707]
Public System 0.014 0.087
[0.924] [0.453]
Integrated System 0.017 0.016
[0.841] [0.805]

Observations 773 773 773 614 614 614 614 557 557 557 557

Countries 30 30 30 19 19 19 19 17 17 17 17

Note: The variance-covariance parameters are estimated by using the SwamyArora method. p-values
are in []. Group 1 corresponds to an unbalanced panel of 30 OECD countries for the period 19762002
Group 2 corresponds to a nearly balanced panel of 19 OECD countries;Group 3 corresponds to Group 2
excluding Luxembourg and Netherlands. POPY isthe share of young (0-14), POPP & middle -age
(15-54) and POPOQiis old-age people (5574) over the total population.
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Table 4.1 Projection of total Health Expenditures, scenario |

Residual at 1% per year (with no transversality condition) and income elasticity 1

' Death-  Pure age Adjustment Non- Death-  Pure age Adjustment Non- Health
Health expenditure as Income ageing Income ageing .
related effect for healthy . Total related effect for healthy . Total expenditure as
a % of GDP ) ) effect residual . ) effect residual
costs (survivors) ageing costs (survivors) ageing a % of GDP
effect effect
2000 2005 Increase in % points of GDP 2005-2025 Increase in % points of GDP 2005-2050 2050
United States 12.0 14.3 0.1 0.8 -0.5 0.0 1.7 21 0.1 11 -1.0 0.0 4.4 4.7 19.0
Europe
Austria 8.1 8.3 0.1 0.8 -0.6 0.0 1.7 21 0.2 1.9 -1.3 0.0 4.4 5.2 13.4
Belgium 7.2 9.4 0.1 0.7 -0.7 0.0 1.7 1.7 0.1 1.3 -1.3 0.0 4.4 45 13.9
Czech Republic 6.4 7.1 0.1 1.0 -0.6 0.0 1.7 2.3 0.2 2.3 -1.3 0.0 4.4 5.6 12.7
Denmark 5.8 6.3 0.1 0.7 -0.6 0.0 1.7 2.0 0.1 11 -0.8 0.0 4.4 438 111
Finland 4.2 4.8 0.1 1.2 -0.6 0.0 1.7 24 0.2 16 -1.3 0.0 4.4 4.9 9.8
France 7.9 9.3 0.1 0.9 -0.7 0.0 1.7 2.0 0.2 17 -1.5 0.0 4.4 438 14.0
Germany 9.0 9.3 0.1 0.8 -0.6 0.0 1.7 2.0 0.2 14 -1.1 0.0 4.4 4.9 142
Greece 9.3 9.4 0.1 0.7 -0.4 0.0 1.7 21 0.2 14 -0.8 0.0 4.4 53 14.7
Hungary 6.8 7.9 0.1 1.0 -0.8 0.0 1.7 21 0.2 1.9 -1.6 0.0 4.4 4.9 12.8
Ireland 5.7 6.6 0.1 0.7 -0.3 0.0 1.7 22 0.2 18 -1.0 0.0 4.4 55 121
Italy 7.1 7.7 0.1 1.0 -0.7 0.0 1.7 21 0.2 2.2 -1.8 0.0 4.4 5.1 12.8
Luxembourg 4.4 6.5 0.1 0.5 -0.5 0.0 1.7 1.8 0.2 13 -0.8 0.0 4.4 5.1 11.6
Netherlands 6.5 7.8 0.1 0.9 -0.4 0.0 1.7 2.3 0.1 11 -0.5 0.0 4.4 5.2 13.0
Poland 5.3 6.3 0.1 15 -0.8 0.0 1.7 25 0.2 3.0 -2.1 0.0 4.4 5.6 11.9
Portugal 8.8 9.6 0.1 0.9 -0.6 0.0 1.7 21 0.2 2.2 -1.1 0.0 4.4 5.7 15.3
Slovak Republic 5.2 5.8 0.1 14 -0.8 0.0 1.7 25 0.3 31 -1.6 0.0 4.4 6.2 12.0
Spain 6.6 7.6 0.1 0.7 -0.4 0.0 1.7 22 0.2 18 -0.8 0.0 4.4 5.6 13.2
Sweden 55 6.1 0.1 0.5 -0.4 0.0 1.7 1.9 0.1 0.6 -0.8 0.0 4.4 4.4 10.5
United Kingdom 5.9 6.8 0.1 0.8 -0.7 0.0 1.7 1.9 0.2 14 -1.2 0.0 4.4 4.8 11.7
EU15 average 6.8 7.7 0.1 0.8 -0.5 0.0 1.7 21 0.2 15 -1.1 0.0 4.4 5.1 12.8
Japan 6.8 7.4 0.1 1.2 -0.4 0.0 1.7 2.6 0.2 19 -0.7 0.0 4.4 5.8 13.2

NB: Assumptions used in this scenario:

Healthy ageing : dynamic equilibrium (1 year gains in life expectancy = 1 year in good health)
Income elasticity = 1

Residuals = 1 with no transversality condition

Source : Oliveira Martins and de la Maisonneuve (2006) and author's calculations.
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Table 4.2 Projection for Total Health care Expenditures, scenario Il

Residual at 1% per year (with no transversality condition) and income elasticity 1.5

. Death- Pure age Adjustment No_n- Death- Pure age  Adjustment No_n- Health
Health expenditure as Income ageing Income ageing .
related effect for healthy ) Total related effect for healthy . Total expenditure as
a % of GDP . ) effect residual . ) effect residual
costs (survivors) ageing costs (survivors) ageing a % of GDP
effect effect

2000 2005 Increase in % points of GDP 2005-2025 Increase in % points of GDP 2005-2050 2050

United States 12.0 14.3 0.1 0.8 -0.5 1.6 1.7 3.7 0.1 11 -1.0 3.8 4.4 8.5 22.8
Europe

Austria 8.1 8.3 0.1 0.8 -0.6 1.4 1.7 35 0.2 1.9 -1.3 31 4.4 8.3 16.6

Belgium 7.2 9.4 0.1 0.7 -0.7 1.4 1.7 3.2 0.1 1.3 -1.3 34 4.4 7.9 17.2

Czech Republic 6.4 7.1 0.1 1.0 -0.6 0.9 1.7 3.2 0.2 2.3 -1.3 19 4.4 7.6 14.6

Denmark 5.8 6.3 0.1 0.7 -0.6 1.4 1.7 34 0.1 11 -0.8 35 4.4 8.3 14.6

Finland 4.2 4.8 0.1 1.2 -0.6 2.0 1.7 4.4 0.2 1.6 -1.3 4.3 4.4 9.3 14.1

France 7.9 9.3 0.1 0.9 -0.7 11 1.7 3.0 0.2 17 -1.5 2.8 4.4 7.6 16.9

Germany 9.0 9.3 0.1 0.8 -0.6 1.0 1.7 3.0 0.2 14 -1.1 2.8 4.4 7.7 17.0

Greece 9.3 9.4 0.1 0.7 -0.4 21 1.7 4.2 0.2 1.4 -0.8 3.8 4.4 9.0 18.4

Hungary 6.8 7.9 0.1 1.0 -0.8 2.2 1.7 4.3 0.2 1.9 -1.6 4.4 4.4 9.3 17.2

Ireland 5.7 6.6 0.1 0.7 -0.3 4.2 1.7 6.4 0.2 18 -1.0 6.9 4.4 124 19.0

ltaly 7.1 7.7 0.1 1.0 -0.7 11 1.7 3.2 0.2 2.2 -1.8 25 4.4 7.6 15.3

Luxembourg 4.4 6.5 0.1 0.5 -0.5 3.3 1.7 5.1 0.2 1.3 -0.8 5.7 4.4 10.7 17.2

Netherlands 6.5 7.8 0.1 0.9 -0.4 13 1.7 3.7 0.1 11 -0.5 35 4.4 8.7 16.5

Poland 53 6.3 0.1 15 -0.8 34 1.7 5.9 0.2 3.0 2.1 6.4 4.4 12.0 18.2

Portugal 8.8 9.6 0.1 0.9 -0.6 2.0 1.7 4.1 0.2 2.2 -1.1 3.7 4.4 9.4 19.0

Slovak Republic 5.2 5.8 0.1 14 -0.8 1.6 1.7 4.1 0.3 3.1 -1.6 2.8 4.4 9.0 14.8

Spain 6.6 7.6 0.1 0.7 -0.4 11 1.7 3.3 0.2 18 -0.8 2.7 4.4 8.3 15.9

Sweden 5.5 6.1 0.1 0.5 -0.4 1.6 1.7 3.6 0.1 0.6 -0.8 4.0 4.4 8.4 14.5

United Kingdom 5.9 6.8 0.1 0.8 -0.7 1.6 1.7 3.6 0.2 1.4 -1.2 3.8 4.4 8.6 15.4

EU15 average 6.8 7.7 0.1 0.8 -0.5 1.8 1.7 3.8 0.2 15 -1.1 3.8 4.4 8.8 16.5

Japan 6.8 7.4 0.1 1.2 -0.4 0.8 1.7 35 0.2 19 -0.7 25 4.4 8.3 15.7

NB: Assumptions used in this scenario:

Healthy ageing : dynamic equilibrium (1 year gains in life expectancy = 1 year in good health)

Income elasticity = 1.5
Residuals = 1 with no transversality condition

Source : Oliveira Martins and de la Maisonneuve (2006) and author's calculations.
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Table 4.3 Projection for Total Health Expenditures, scenario Il

Residual at 2% per year (with no transversality condition) and income elasticity 1

. Death- Pure age Adjustment No_n- Death- Pure age  Adjustment No_n- Health
Health expenditure as Income ageing Income ageing .
related effect for healthy ) Total related effect for healthy . Total expenditure as
a % of GDP . ) effect residual . ) effect residual
costs (survivors) ageing costs (survivors) ageing a % of GDP
effect effect

2000 2005 Increase in % points of GDP 2005-2025 Increase in % points of GDP 2005-2050 2050

United States 12.0 14.3 0.1 0.8 -0.5 0.0 3.8 4.2 0.1 11 -1.0 0.0 11.4 11.6 25.9
Europe

Austria 8.1 8.3 0.1 0.8 -0.6 0.0 3.8 4.2 0.2 19 -1.3 0.0 11.4 12.1 20.4

Belgium 7.2 9.4 0.1 0.7 -0.7 0.0 3.8 3.9 0.1 1.3 -1.3 0.0 11.4 11.5 20.8

Czech Republic 6.4 7.1 0.1 1.0 -0.6 0.0 3.8 4.4 0.2 2.3 -1.3 0.0 11.4 12.6 19.7

Denmark 5.8 6.3 0.1 0.7 -0.6 0.0 3.8 4.1 0.1 11 -0.8 0.0 11.4 11.8 18.1

Finland 4.2 4.8 0.1 1.2 -0.6 0.0 3.8 45 0.2 16 -1.3 0.0 11.4 11.9 16.7

France 7.9 9.3 0.1 0.9 -0.7 0.0 3.8 4.1 0.2 1.7 -1.5 0.0 11.4 11.7 21.0

Germany 9.0 9.3 0.1 0.8 -0.6 0.0 3.8 4.1 0.2 14 -1.1 0.0 11.4 11.9 21.1

Greece 9.3 9.4 0.1 0.7 -0.4 0.0 3.8 4.3 0.2 1.4 -0.8 0.0 11.4 12.2 21.6

Hungary 6.8 7.9 0.1 1.0 -0.8 0.0 3.8 4.2 0.2 1.9 -1.6 0.0 11.4 11.8 19.7

Ireland 5.7 6.6 0.1 0.7 -0.3 0.0 3.8 4.3 0.2 18 -1.0 0.0 11.4 124 19.0

ltaly 7.1 7.7 0.1 1.0 -0.7 0.0 3.8 4.2 0.2 2.2 -1.8 0.0 11.4 12.0 19.8

Luxembourg 4.4 6.5 0.1 0.5 -0.5 0.0 3.8 3.9 0.2 13 -0.8 0.0 11.4 12.0 18.5

Netherlands 6.5 7.8 0.1 0.9 -0.4 0.0 3.8 4.4 0.1 11 -0.5 0.0 11.4 121 19.9

Poland 5.3 6.3 0.1 15 -0.8 0.0 3.8 4.6 0.2 3.0 2.1 0.0 11.4 125 18.8

Portugal 8.8 9.6 0.1 0.9 -0.6 0.0 3.8 4.2 0.2 2.2 -1.1 0.0 11.4 12.7 22.3

Slovak Republic 5.2 5.8 0.1 14 -0.8 0.0 3.8 4.6 0.3 31 -1.6 0.0 11.4 13.2 19.0

Spain 6.6 7.6 0.1 0.7 -0.4 0.0 3.8 4.3 0.2 18 -0.8 0.0 11.4 125 20.2

Sweden 5.5 6.1 0.1 0.5 -0.4 0.0 3.8 4.0 0.1 0.6 -0.8 0.0 11.4 11.3 17.4

United Kingdom 5.9 6.8 0.1 0.8 -0.7 0.0 3.8 4.0 0.2 14 -1.2 0.0 11.4 11.8 18.6

EU15 average 6.8 7.7 0.1 0.8 -0.5 0.0 3.8 4.2 0.2 15 -1.1 0.0 11.4 12.0 19.7

Japan 6.8 7.4 0.1 1.2 -0.4 0.0 3.8 4.7 0.2 1.9 -0.7 0.0 11.4 12.8 20.2

NB: Assumptions used in this scenario:

Healthy ageing : dynamic equilibrium (1 year gains in life expectancy = 1 year in good health)

Income elasticity = 1
Residuals = 2 with no transversality condition

Source : Oliveira Martins and de la Maisonneuve (2006) and author's calculations.
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Table 4.4 Projection for Total Health care expenditures, scenario IV

Residual at 1% per year (with a transversality condition), income elasticity 1 and expansion of morbidity

Health expenditure as Death- Pure age Adjustment Income aNZi': Death- Pure age  Adjustment Income aNZinn- Health
P related effect for healthy g' 9 Total related effect for healthy g. 9 Total expenditure as
a % of GDP . ) effect residual . ) effect residual
costs (survivors) ageing costs (survivors) ageing a % of GDP
effect effect
2000 2005 Increase in % points of GDP 2005-2025 Increase in % points of GDP 2005-2050 2050
United States 12.0 14.3 0.1 0.8 0.0 0.0 1.3 2.2 0.1 11 0.0 0.0 1.9 3.2 17.5
Europe
Austria 8.1 8.3 0.1 0.8 0.0 0.0 1.3 2.2 0.2 1.9 0.0 0.0 1.9 4.0 12.2
Belgium 7.2 9.4 0.1 0.7 0.0 0.0 1.3 2.0 0.1 1.3 0.0 0.0 1.9 3.3 12.7
Czech Republic 6.4 7.1 0.1 1.0 0.0 0.0 1.3 24 0.2 2.3 0.0 0.0 19 4.4 115
Denmark 5.8 6.3 0.1 0.7 0.0 0.0 1.3 2.1 0.1 11 0.0 0.0 1.9 31 9.4
Finland 4.2 4.8 0.1 1.2 0.0 0.0 1.3 2.6 0.2 1.6 0.0 0.0 1.9 37 8.5
France 7.9 9.3 0.1 0.9 0.0 0.0 1.3 22 0.2 17 0.0 0.0 19 3.8 13.0
Germany 9.0 9.3 0.1 0.8 0.0 0.0 1.3 22 0.2 14 0.0 0.0 19 35 12.8
Greece 9.3 9.4 0.1 0.7 0.0 0.0 1.3 2.1 0.2 1.4 0.0 0.0 1.9 35 12.9
Hungary 6.8 7.9 0.1 1.0 0.0 0.0 1.3 24 0.2 19 0.0 0.0 19 4.0 11.9
Ireland 5.7 6.6 0.1 0.7 0.0 0.0 1.3 21 0.2 18 0.0 0.0 19 3.9 105
ltaly 7.1 7.7 0.1 1.0 0.0 0.0 1.3 24 0.2 2.2 0.0 0.0 1.9 4.4 12.1
Luxembourg 4.4 6.5 0.1 0.5 0.0 0.0 1.3 1.9 0.2 13 0.0 0.0 1.9 3.4 9.9
Netherlands 6.5 7.8 0.1 0.9 0.0 0.0 1.3 2.3 0.1 11 0.0 0.0 19 3.2 11.0
Poland 5.3 6.3 0.1 15 0.0 0.0 1.3 2.9 0.2 3.0 0.0 0.0 1.9 51 11.4
Portugal 8.8 9.6 0.1 0.9 0.0 0.0 1.3 2.3 0.2 2.2 0.0 0.0 1.9 4.3 13.9
Slovak Republic 5.2 5.8 0.1 14 0.0 0.0 1.3 29 0.3 3.1 0.0 0.0 19 53 111
Spain 6.6 7.6 0.1 0.7 0.0 0.0 1.3 21 0.2 18 0.0 0.0 19 3.9 115
Sweden 5.5 6.1 0.1 0.5 0.0 0.0 1.3 1.9 0.1 0.6 0.0 0.0 1.9 2.7 8.8
United Kingdom 5.9 6.8 0.1 0.8 0.0 0.0 1.3 22 0.2 14 0.0 0.0 19 35 10.3
EU15 average 6.8 7.7 0.1 0.8 0.0 0.0 1.3 2.2 0.2 15 0.0 0.0 1.9 3.6 11.3
Japan 6.8 7.4 0.1 1.2 0.0 0.0 1.3 2.6 0.2 1.9 0.0 0.0 1.9 4.0 11.4

NB: Assumptions used in this scenario:

Expansion of morbidity : gains in life expectancy do not translate into years in good health

Income elasticity = 1
Residuals = 1 with a transversality condition

Source : Oliveira Martins and de la Maisonneuve (2006) and author's calculations.
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Table 4.5 Estimated marginal cost of saving a life

Robust Per year of Growth
maximum, life saved, rate,

Apge 1950 1980 2000 2000 2000 1950-2000

0-4 10 160 590 (T790) B8 7.8
10-14 270 2,320 0,830 (13,110) 152 7.2
20-24 1,170 3,840 8,520 i11,360) 155 4.0
3034 500 2,120 4,910 (6,540} 108 4.6
4044 160 7 1,890 (2,520) 52 49
50-54 70 330 1,050 (1.400) 39 54
G064 50 280 880 (1,180} 47 5.9
T0-74 40 280 790 (1,050) 67 6.2
8084 40 340 750 (1,000) 125 6.1
0094 50 420 820 (1,090) 79 5.6

Source: Hall and Jones (2007)
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Table5.1The size of pharmaceuti cal mar ket s
1999 2000 2001 2002 2003
EU-15 72,094 29,962 90,100 96,825 103,142
us 124,261 163,439 197,351 208,970 194,061
Japan 50,246 62,606 59,744 55,736 52,092

Source: European Commission (2006)

Table 5.2 Shares of USPTO-granted pharmaceutical patents by countries based on the
nationality of the assignee (A) and location of the inventor (I)

1974-1983 1984-1993 1994-2003
Assignee | Inventor I-A Assignee | Inventor I-A Assignee | Inventor I-A
EU 28.3% 30.9% 2.6% 27.3% 29.2% 1.9% 23.1% 24.8% 1.7%
USA 59.0% 52.3% | -6.7% 55.2% 50.8% -4.4% 60.1% 57.3% | -2.8%
Japan 9.3% 9.4% 0.2% 13.4% 13.6% 0.1% 9.2% 9.3% 0.2%

Source: EC (2006)

Table 5.3 Shares of patent citations of USPTO-granted pharmaceutical patents by
countries based on the nationality of the assignee (A) and location of the inventor (1)

1974-1983 1984-1993 1994-2003
Assignee | Inventor I-A Assignee | Inventor I-A Assignee | Inventor I-A
EU 23.57% 25.50% 1.92% 19.43% 21.33% 1.90% 17.47% 19.06% 1.59%
USA 63.71% 59.33% -4.38% | 67.12% 63.52% -3.60% | 70.39% 68.13% -2.26%
Japan 9.26% 8.99% -0.27% | 9.55% 9.64% 0.09% | 6.00% 6.07% 0.07%

Source: EC (2006)
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Table 5.4: Biopharmaceutical Patent citations

1974-1983 | 1984-1993 1994-2003
USA
Patent count 8,943 14,860 36,271
Number of citations(1) 6,680 40,332 201,510
Mean number of citations 0.75 2.71 5.56
of which:
US->US 74.70% 73.00% 74.70%
US->EU 18.29% 18.51% 18.82%
us->JP 5.09% 7.06% 6.77%
EU-25
Patent count 5,238 8,525 1,5904
Number of citations(1) 3,153 15,004 46,396
Mean number of citations 0.60 1.76 2.92
of which:
EU->EU 55.25% 51.18% 43.64%
EU->US 36.12% 38.83% 49.11%
EU->JP 5.49% 7.96% 7.49%
Japan
Patent count 1,582 3,845 5,678
Number of citations(1) 959 5,833 11,746
Mean number of citations 0.61 1.52 2.07i
of which:
JP->JP 40.88% 36.57% 35.96%
JP->US 33.99% 37.68% 42.23%
JP->EU 23.46% 23.90% 22.26%

Source: EC (2006)
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