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In this paper we analyze the relationship between income and health expenditure in 31 Organization for Eco-
nomic Cooperation and Development (OECD) countries. We focus on the differences between short and long
term elasticities and we also check the adjustment process of health care expenditure to changes in per capita
Gross Domestic Product (GDP) and its cyclical and trend components. In both cases, we test if results differ in
countries with a higher share of private expenditure on total health expenditure. Econometric results show
that the long-run income elasticity is close to unity, that health expenditure is more sensitive to per capita
income cyclical movements than to trend movements, and that the adjustment to income changes in those
countries with a higher share of private health expenditure over total expenditure is faster.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Most of the literature on the determinants of aggregated healthcare
expenditure focuses on the effect of income, usually proxied by per
capita Gross Domestic Product (GDP). As shown in Section 2, differ-
ences rely on data sets (regions or countries, time-series or panel
data), econometric techniques, or control variables. Attention is mainly
paid to the contemporaneous elasticity of health expenditure on per
capita GDP. The main question raised by authors is the luxury or neces-
sary nature of healthcare expenditure. However, there are a number of
dimensions of this link very relevant from both, academic and policy-
maker standpoints, which are most often neglected by researchers.
The aim of this paper is to deal with two of them.

First, we analyze its dynamic aspects. Our hypothesis is that choices
on healthcare expenditure do not adapt to changes in per capita GDP au-
tomatically. Lagged expenditure is relevant to explain current expendi-
ture and then both, short-run and long-run income elasticities differ
and should be estimated. Moreover, for both rises and cuts in expendi-
ture, public choices are subject tomore rigidities and delays than private
choices, insofar as the former involve political processes at one or more

fiscal tiers, when the power on public healthcare is decentralized. If this
is true, we would expect different patterns in the relationship between
income and expenditure depending on the relative relevance of both
public and private choices on healthcare expenditure in each country.

Second, the observed changes in per capita GDP are decomposed
to check if the income elasticity of healthcare expenditure is similar
for changes in per capita GDP trend, positive gaps, and negative
gaps. Gaps are defined as the difference between observed values
and the trend component computed using the Hodrick–Prescott filter.
Our hypothesis here is that variations in per capita income could in-
volve different effects on healthcare expenditure when they are per-
ceived as permanent or cyclical by individuals and governments.
Again, we discuss if results are significantly different in countries
where the share of private expenditure on total expenditure is higher.

To meet our aims, an unbalanced panel for 31 Organization for Eco-
nomic Cooperation and Development (OECD) countries over the period
1970–2009 is used and four different specifications are estimated. The
plan of the paper is as follows. Section 2 reviews the literature up to
date. Section 3 describes the data, while Section 4 discusses methodo-
logical issues. Section 5 details the main results. Section 6 concludes.

2. Previous empirical evidence

As stated above, most of the literature on the determinants of
health expenditure is focused on the relationship between health
care expenditure and income. In general, it argues that there is not
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only a strong positive correlation between per capita healthcare ex-
penditure and per capita income in developed countries, but also
that per capita income explains a high percentage of the variation in
expenditure.

Over the last few years, the debate on this link has moved on
whether the income elasticity of health expenditure is greater or
less than 1 (Bac and Le Pen, 2002). An income elasticity less than 1
classified health expenditure and income inelastic, therefore, as a
“necessary” good. On the other hand, if the elasticity is higher than
1, health will be classified as a “luxury” good. In summary, the empir-
ical literature on the determinants of national health expenditure
shows that aggregate income is one of the most important factors in
explaining health expenditure. But income elasticity changes depend
on the study, as shown in Table 1.

The empirical literature on the determinants of health care expendi-
ture started with the seminal paper by Newhouse (1977). He examined
the relationship between medical care expenditures and income across
13 developed countries, regressing per capitamedical care expenditures
on per capita GDP. Newhouse reached the conclusion that the income
elasticity of medical care expenditures across countries exceeds the
unit. We should note that the most important studies in the 80s, Leu
(1986) or Parkin et al. (1987) had used a methodology of cross-section
data and they also had classified health care as a “luxury” good.

Over the following decade, other authors like Hitiris and Posnett
(1992), Hansen and King (1996) and Hitiris (1997) had deepened in
the debate about the income elasticity of health care. In this way,
Hitiris and Posnett (1992) estimated a panel data model for 20
OECD countries during the period 1960 to 1987 and found a strong
positive relationship between per capita health expenditure and in-
come. After that, Hansen and King (1996) with a model based on
Hitiris and Posnett (1992) and data from 20 OECD countries over
the period 1960–1987, showed that the variables of a “standard”
model of health expenditure were non stationary in levels. Later,
Hitiris (1997) with data for 10 OECD countries over the period
1960–1991, showed that income elasticity of health expenditure
ranges from 1.14 to 1.17. As a summary of the 90s, we should note
that most of the studies had used a methodology of time-series and
they continued classifying health care as a “luxury” good. However,
some papers that considered health care as a “necessary” good started
to appear.

In the first decade of the present century, the following studies
were published: Okunade and Murthy (2002), Jewell et al. (2003),
Sen (2005), Dregerd and Reimers (2005), Carrion-i-Silvestre (2005),
Hagist and Kotlikoff (2009), or Chakroun (2009). Thereby, Okunade
and Murthy (2002), with a methodology of time series confirm a sig-
nificant and stable long-run relationship among per capita real health
care expenditure. One year later, Jewell et al. (2003) using a panel
data model of 20 OECD countries during the period 1960–1997,

analyzed the stationary of national health care expenditures and
GDP. They concluded that both are stationary around one or two
breaks. Information from 1990 to 1998 for 15 OECD countries was
used in Sen (2005) to assess the relationship between per capita in-
come and health expenditure. These data allow the author to control
the effects of various non institutional demand and supply covariance
introducing new variables of cost or supply. The results were income
elasticities of health expenditure between 0.21 and 0.51. Dregerd and
Reimers (2005) using panel co integration techniques and data from
21 OECD countries, determined that health care expenditure is not a
luxury good. In Carrion-i-Silvestre (2005), the stationarity of real per
capita health expenditure and income for 20 OECD developed countries
was examined allowing the presence of structural shocks that can affect
both the level and slope time series. While, Hagist and Kotlikoff (2009),
using data for 10 OECD countries, studied how government healthcare
expenditures have been growing muchmore rapidly than GDP and con-
cluded that growth in benefit levels explains 89 of overall healthcare
spending growth. Chakroun (2009), derived country-specific and time-
specific income elasticities for 17 OECD countries over the period
1975–2003 using a panel threshold regression model. The results
showed that health care is a necessity rather than a luxury. So that, as a
summary of the last decade, we should note that the methodology of
panel data models had become the most important and health care has
come to be regarded as a “necessary” good.

Concerning the most recent studies we can refer to the ones
made by Baltagi and Moscone (2010), Mehrara et al. (2010), and Liu
et al. (2011). Then, using data for 20 OECD countries, Baltagi and
Moscone (2010), studied the non-stationarity and co integration
properties between health care expenditure and income; their find-
ings suggest that health care is a necessity rather than a luxury. Sim-
ilarly, Mehrara et al. (2010) using data for 1993–2007 concluded that
income elasticity for all OECD members is about 2.59. They also esti-
mated that income elasticity of health expenditure over time and
across the countries has been rather unvarying. Liu et al. (2011)
have tested for structural breaks with panel varying coefficient
models doing an application to OECD health expenditure. They
found a full-sample income elasticity of 1.603. Then, in recent years
panel co integration techniques should have been considered the
most popular but they did not solve the still open debate in health
economics.

In short, most of the studies summarized find a positive income
elasticity for national health care expenditure, but they do not reach
a consensus on whether health care is a “necessary” or a “luxury”
good. While we are also interested on the value of this elasticity, we
try to bring to the discussion the relevance of distinguishing between
short-run and long-run dynamics, the nature of changes in per capita
GDP growth rates (structural or cyclical), and the different logics of
private and public choices on healthcare expenditure.

Table 1
A summary of previous studies. Dependent variable: national health care expenditure.
Source: Authors' elaboration.

Authors Sample Model description Elasticity of income

Newhouse (1977) 13 developed countries Cross section >1
Leu (1986) 19 OECD countries Cross section >1
Parkin et al. (1987) 18 OECD countries Cross section >1
Hitiris and Posnett (1992) 20 OECD countries Panel data Income elasticity close to unity.
Hansen and King (1996) 20 OECD countries Time series No long-term relationship.
Hitiris (1997) 10 OECD countries Time series >1
Sen (2005) 15 OECD countries Panel data b1
Dregerd and Reimers (2005) 21 OECD countries Panel cointegration techniques b1
Chakroun (2009) 17 OECD countries Multivariate regression model b1
Baltagi and Moscone (2010) 20 OECD countries Panel data b1
Mehrara et al. (2010) 16 OECD countries Panel data >1
Liu et al. (2011) 22 OECD countries Semiparametric panel varying coefficient model >1
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3. Data description

The econometric analysis relies on annual data for 31 OECD coun-
tries from 1970 to 2009 gathered from the OECD Health Data (2012),
as the largest available source of statistics to compare OECD health
care systems.1 So, this database allows doing benchmarking and in-
ternational comparisons of different health systems.

Definitions and data sources of variables are depicted in Table 2.
Variables EXP and GDP contain information on per capita total health
care expenditure and per capita GDP respectively; both variables are
expressed in current prices and logarithms. Variable DPRIV is a
dummy coded one for those countries with a higher percentage of
private health care expenditures over the total, and zero in other
cases. Additionally, following the proposal by Hodrick and Prescott
(1997) for annual data, the smoothing parameter used to estimate
the trend component of GDP is λ=100.2 Once GDPTREND is estimat-
ed, POSGAP and NEGGAP are computed as indicated in Table 2. We
also use OLD, the percentage of population aged over 64, identified
by the literature as having a role in determining health care expendi-
ture.3

Table 3 summarizes country information on the share of private ex-
penditure on total health care expenditure, so let us made the DPRIV
variable. The definition of DPRIV variable is based on data: the share of
private expenditure over the total is systematically over 40% in the six
countries where DPRIV=1. A cluster analysis on means and medians
in Table 3 formally supported this criteria and groups of countries.

We applied one of the more commonly used partition clustering
methods, called kmeans cluster analysis. In kmeans clustering, the
user specifies the number of clusters, k, to create using an iterative pro-
cess. Each observation is assigned to the group whose mean is closest,
and then based on that categorization, new group means are deter-
mined. These steps continue until no observations change groups.
After some graphical and preliminary analysis, we set k=3. The simi-
larity or dissimilarity measure used is the Euclidean distance. For each
country, three variables were taken into account: mean, median and
minimum of the share of private expenditure on total expenditure
shown in Table 3. Computationsweremade using the statistical package
STATA 12. Average means, medians, and minimums are, respectively,
0.14, 0.14, and 0.07 for group 1 (Czech Republic, Denmark, Iceland, Lux-
embourg, New Zealand, Norway, Slovak Republic, Sweden, and UK),

0.27, 0.27, and 0.20 for group 2 (Australia, Austria, Belgium, Canada,
Finland, France, Germany, Hungary, Ireland, Italy, Japan, Netherlands,
Portugal, Poland, Spain, and Turkey), and 0.52, 0.53, and 0.45 for group
3 (Chile, Greece, Korea, Mexico, Switzerland, and the US).

Without imposing the value of k, we also estimate a hierarchical
agglomerative linkage clustering for the 31 countries. The corre-
sponding dendrogram is represented in Fig. 1, using the same vari-
ables and distance criteria than before. The closest two groups are
determined by the average (dis)similarity between the observations
of the two groups. Results are the same. The group composed by
Chile (5), Greece (11), and Switzerland (28) and the group composed
by Korea (17), Mexico (19) and the US (31) are merged into one
group. The rest of countries are merged into the two groups pointed
out above before collapsing into one.

4. Specifications and econometrics

4.1. Specifications

The first specification includes as regressors the lagged dependent
variable, GDP, and OLD. Insofar as population brackets tend to be
highly correlated, multicollinearity is troublesome when they are si-
multaneously included (Cantarero and Lago-Peñas, 2012). This is
the reason why OLD is the only demographic variable added as
control. Specification (1) also includes individual fixed effects. The
short-run elasticity of income on health care expenditure is β and
the long-run elasticity is computed as β

1−ρ:

EXPit ¼ αi þ ρ⋅EXPit−1 þ β⋅GDPit þ δ⋅OLDit þ εit : ð1Þ

1 It is a public database, but the access to the full data is via subscription.
2 We checked that econometric results below do not significantly change if λ=6.25,

following to Ravn and Uhlig (2002).
3 We tried to include additional regressors. The problem was the sharp cut in sample

sizes. For instance, when hospital beds were included sample size dropped to 519; and
to 453 when the number of physician was used.

Table 2
Variables and data sources.
Source: Authors' elaboration.

Definition Data source

EXP Per capita total health care expenditure. Expressed
in current prices and logarithms.

OECD Health
Data (2012)

GDP Per capita Gross Domestic Product. Expressed in
current prices and logarithms.

OECD Health
Data (2012)

DPRIV Dummy variable coded 1 for observations
corresponding to the US, Switzerland, Chile, Mexico,
Korea, and Greece and 0 otherwise.

Authors'
elaboration.

GDPTREND The smoothed series of GDP computed using the
Hodrick–Prescott (HP) filter.

Authors'
elaboration.

POSGAP It is defined as GDP-GDPTREND when
GDP>GDPTREND and 0 otherwise.

Authors'
elaboration.

NEGGAP It is defined as GDP-GDPTREND when
GDP≤GDPTREND and 0 otherwise.

Authors'
elaboration.

OLD Percentage of population over 64 years old. OECD Health
Data (2012)

Table 3
The share of private expenditure on total health expenditure.
Source: Authors' elaboration based on OECD Health Data (2012).

Code Country Mean Median Maximum Minimum Observationsa

1 Australia 0.34 0.34 0.41 0.26 37
2 Austria 0.27 0.25 0.37 0.23 39
3 Belgium 0.25 0.25 0.27 0.24 8
4 Canada 0.27 0.26 0.3 0.23 40
5 Chile 0.47 0.46 0.53 0.41 14
6 Czech Republic 0.09 0.1 0.17 0.03 19
7 Denmark 0.16 0.16 0.18 0.12 37
8 Finland 0.24 0.25 0.29 0.19 39
9 France 0.22 0.21 0.24 0.2 23
10 Germany 0.22 0.22 0.27 0.18 38
11 Greece 0.44 0.45 0.57 0.38 23
12 Hungary 0.23 0.27 0.31 0.11 18
13 Iceland 0.16 0.16 0.34 0.1 39
14 Ireland 0.24 0.24 0.29 0.17 39
15 Italy 0.25 0.24 0.3 0.21 22
16 Japan 0.24 0.24 0.34 0.17 38
17 Korea 0.62 0.64 0.8 0.45 29
18 Luxembourg 0.09 0.1 0.12 0.07 12
19 Mexico 0.55 0.55 0.59 0.52 20
20 Netherlands 0.32 0.32 0.4 0.26 31
21 New Zealand 0.2 0.22 0.26 0.05 39
22 Norway 0.13 0.15 0.19 0.02 39
23 Poland 0.27 0.28 0.35 0.08 19
24 Portugal 0.37 0.37 0.49 0.27 37
25 Slovak Republic 0.18 0.11 0.33 0.08 12
26 Spain 0.25 0.24 0.35 0.15 39
27 Sweden 0.13 0.13 0.18 0.07 39
28 Switzerland 0.45 0.45 0.5 0.4 25
29 Turkey 0.4 0.33 0.78 0.28 26
30 UK 0.15 0.16 0.21 0.09 39
31 US 0.58 0.59 0.64 0.53 39
a The available data in OECD Health Data 2012 sample in countries like Belgium,

Czech Republic, Luxembourg and the Slovak Republic is smaller than for the rest of
the OECD countries studied. This may be because in these four countries the available
data on health expenditure and health financing on which the OECD is based to devel-
op the database is more recent.
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Specification (2) extends (1) to test if parameters for EXP−1 and
GDP are different for countries with a lower ratio between public
and total health care expenditure. For those countries DPRIV=1 and
then the effect of EXP−1 is ρ1+ρ2 and the effect of GDP is β1+β2:

EXPit ¼ αi þ ρ1⋅EXPit−1 þ ρ2⋅EXPit−1⋅DPRIViþ
þ β1⋅GDPit þ β2⋅GDPit⋅DPRIVi þ δ⋅OLDit þ εit

ð2Þ

Specification (3) extends (1) disaggregating GDP into the trend, the
positive gap, and the negative gap: GDPit=GDPTRENDit+POSGAPit+
NEGGAPit

EXPit ¼ αi þ ρ⋅EXPit−1 þ β3⋅GDPTRENDitþ
þ β4⋅POSGAPit þ β5⋅NEGGAPit þ δ⋅OLDit þ εit :

ð3Þ

Finally, specification (4) combines specifications (2) and (3) to
test the existence of asymmetries between groups of countries also
in the effect of the filtered components of variable GDP.

EXPit ¼ αi þ ρ⋅EXPit−1 þ β3⋅GDPTRENDit þ β4⋅POSGAPitþ
þ β5⋅NEGGAPit þ β6⋅GDPTRENDit⋅DPRIViþ
þ β7⋅POSGAPit⋅DPRIVi þ β8⋅NEGGAPit⋅DPRIVi þ δ⋅OLDit þ εit

ð4Þ

4.2. Econometrics

As usual when working with time series, the first step it is to ana-
lyze the data generator process of variables in order to detect and
avoid the problem of spurious regressions. In particular we are inter-
ested in the existence of unit roots in the level of series GDP and EXP

and, if this is the case, if they are co integrated or not. With this aim,
two unit root tests for panel data have been carried out: the LLC test
and the IPS test.4 A summary of results is reported in Table 4. The
null hypothesis is clearly rejected in all cases. Both series may be
treated as I(0) or stationary.

Results from preliminary estimates of Eq. (1), not reported in the
paper, have revealed a number of problems to deal with:

1. Both the lagged endogenous and the individual fixed effects were
highly significant.

2. Residuals suffered from first-order autocorrelation.
3. Residuals revealed group-wise heteroskedasticity and cross-sectional

dependence.

As is well known, the Least Square Dummy Variable (LSDV) esti-
mator is biased when the lagged endogenous is included as a regres-
sor (Nickel, 1981). Insofar as the bias is of O(1/T) it is troublesome
when T is small. However, we are working with TSCS with T up to
40, involving that biases tend to fade.5

LSDV errors were serially correlated (p-valueb0.01) based on the
results from the Breusch–Godfrey serial correlation LM test. Because
the lagged endogenous is also included as a regressor, OLS or non-
iterated versions of more sophisticated estimators (Cochrane–Orcutt,
Prais–Winsten, Hatanaka…) are not consistent. Nevertheless, Nonlinear
Least Squares (NLLS) estimates are asymptotically equivalent to maxi-
mum likelihood estimates and are asymptotically efficient. The coeffi-
cients on the exogenous variables and the lagged dependent variables
are then estimated simultaneously by applying a Marquardt NLLS algo-
rithm following an iterative procedure.

Following Greene (1997), we calculated a modified Wald statistic
for groupwise heteroskedasticity in the residuals. According to the
results, the null hypothesis of homoskedasticity can be rejected
(p-valueb0.0001). Moreover, we have computed the Breusch–Pagan
statistic for cross-sectional independence in the residuals of a fixed
effect regression model (Greene, 1997, p. 601). The null hypothesis
can be rejected (p-valueb0.0001). Hence, OLS standard errors are re-
placed by Panel Corrected Standard Errors (PSCE) proposed by Beck
and Katz (1995) robust to both cross-sectional heteroskedasticity
and contemporaneous correlation in residuals.

5. Results

The estimation of the four specifications described yielded the re-
sults reported in Table 5. The goodness of fit is very high in all cases.

4 The test developed by Levin et al. (2002) or LLC, assumes that each individual unit
in the panel shares the same AR(1) coefficient. On the contrary, the test by Im et al.
(2003) or IPS allow for different AR(1) coefficients in each series. Both tests assume
that all series are non-stationary under the null hypothesis. All computations in Sec-
tion 4 have been made using EViews 7.2.

5 In fact, according to the Monte Carlo results presented by Beck and Katz (2009),
with T=20 or more, LSDV performs relatively well and is flexible enough to allow us
to deal with other estimation problems , as in our case. By contrast, the Kiviet correc-
tion (Kiviet, 1995), extended to unbalanced dataset by Bruno (2005), works better in
terms of bias and the root mean square error (RMSE), but does not report analytical
standard errors. Only bootstrap standard errors are reported.

Table 4
Unit root tests. TSCS data.
Source: Authors' elaboration.

Variable LLC IPS Observations

EXP −15.3
(p-valueb0.0001)

−4.43
(p-valueb0.0001)

942

GDP −23.5
(p-valueb0.0001)

−11.81
(p-valueb0.0001)

1086

Notes: Individual intercepts included in test equations.
Null hypothesis LLC: Unit root (assumes common unit root process).
Null hypothesis IPS: Unit root (assumes individual unit root process).
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Notes: Country code numbers reported in Table 3. Euclidean distance is
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Fig. 1. Dendrogram for clustering of countries. Notes: Country code numbers reported
in Table 3. Euclidean distance is the similarity of dissimilarity measure.
Source: Authors' elaboration.
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Coefficients are highly significant with expected signs in most cases. In
particular, per capita GDP has a positive effect on health expenditure
and the coefficient on the lagged endogenous is over 0.7. Sluggishness
in adjustments of healthcare expenditure to income changes involves
that this relationship is stronger when the observed time span in-
creases. Both individuals and governments need time to adjust their ex-
penditure and demand on healthcare to changes in households' income
and tax revenues.

But they do. According to econometric estimates for specification

(1), while the estimated short-run elasticity β̂
! "

is around 0.3, the

long-run elasticity β̂
1−ρ̂

! "
is 1.1. All in all, the unitary long-run is inside

the confidence ellipse at 99% (Fig. 2).6 That means that the hypothesis
β

1−ρ ¼ 1 can be rejected at 95% but not at 99% level of confidence.
According to the results for specification (2), health care systems

with a higher share of private expenditure over total health care ex-
penditure adjust faster to per capita GDP changes. It confirms one of
our hypotheses exposed in the introduction. All in all, income elastic-
ity is not significantly higher in the long term: a positive value for β2

is compensated by a negative value for ρ2.
There is a high level of consensus among researchers and decision

makers operating in the health sector about the importance of evaluating
the impact of time (technological progress in health care and its impact
on quality of the services provided), but there is no such consensus

concerning how to implement it. In this sense, in the third column of
Table 5 a time trend is added to specification (2) in order to check the sen-
sitivity of results to specification problems; in particular, biases due to the
omission of relevant variables. The modified specification (2) is denoted

Table 5
Econometric estimates of Specifications (1) to (4).
Source: Authors' elaboration.

Variables Specification

(1) (2) (2b) (3) (4)

EXP−1 0.74⁎⁎⁎ 0.75⁎⁎⁎ 0.72⁎⁎⁎ 0.81⁎⁎⁎ 0.82⁎⁎⁎

(17.84) (17.34) (14.42) (22.78) (21.56)
GDP 0.28⁎⁎⁎ 0.27⁎⁎⁎ 0.24⁎⁎⁎

(5.53) (5.14) (4.56)
EXP−1∗DPRIV −0.11⁎ −0.13⁎⁎ −0.12

(1.92) (2.26) (2.00)⁎⁎

GDP∗DPRIV 0.19⁎⁎ 0.22⁎⁎⁎

(2.41) (2.76)
GDPTREND 0.19⁎⁎⁎ 0.19⁎⁎⁎

(4.32) (4.04)
POSGAP 0.34⁎⁎ 0.43⁎⁎

(2.14) (2.42)
NEGGAP 0.63⁎⁎⁎ 0.53⁎⁎⁎

(3.72) (2.77)
GDPTREND∗DPRIV 0.20⁎⁎

(2.33)
POSGAP∗DPRIV −0.63⁎⁎

(2.27)
NEGGAP∗DPRIV 0.59⁎

(1.81)
OLD 0.0046⁎⁎ 0.0043⁎⁎ 0.0022 0.0036⁎⁎ 0.0035⁎⁎

(2.25) (2.13) (1.19) (2.02) (2.01)
AR(1) 0.36⁎⁎⁎ 0.35⁎⁎⁎ 0.37⁎⁎⁎ 0.27⁎⁎⁎ 0.26⁎⁎⁎

(4.77) (4.66) (4.55) (3.85) (3.72)
Time trend 0.0038⁎⁎

(2.28)
Wald test: GDPPOSGAP=GDPNEGGAP p-value=0.28 p-value=0.72
Wald test: GDPPOSGAP+GDPPODGAP∗DPRIV=0 p-value=0.40
Wald test: GDPNEGGAP+GDPNEGGAP∗DPRIV=1 p-value=0.64
Adjusted-R2 0.9975 0.9975 0.9975 0.9975 0.9975
S.E. of regression 0.0447 0.0444 0.0441 0.0443 0.0440
Number of observations (unbalanced panel) 916 916 916 916 916

Notes: All specifications are estimated by NLLS. Estimates include individual fixed effects. t-statistics computed using PCSE in parenthesis. Wald tests are computed using PCSE. All
the estimates were performed using EViews 7.2.

⁎ Significant at 10%.
⁎⁎ Significant at 5%.

⁎⁎⁎ Significant at 1%.
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Fig. 2. Estimated confidence ellipses for coefficients β and β
1−ρ in specification (1) esti-

mated in column (1) of Table 5. Note: Confidence ellipses at 95% and 99% are reported.
Source: Authors' elaboration.

6 A confidence ellipse plots the joint confidence region of two functions of estimated
parameters.
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as (2b). As discussed in Cantarero and Lago-Peñas (2010), including a
time trend is usual to proxy for technological progress in health care. All
results hold except in the case of variable OLD. Due to its collinearity
with the time trend, its statistical significance drops below usual levels.

Results for specification (3) show that healthcare expenditure
tends to be more sensitive to per capita income cyclical movements
than to trend movements. On the contrary, a Wald test confirms
that the difference between the response in times of positive and neg-
ative gap component of per capita GDP is not statistically significant.

Things are different when attention is focused on countries with a
stronger role of private expenditure in health care (last column of
Table 5). On the one hand, a Wald test confirms that their healthcare
systems are insensitive to changes in the cyclical component of per
capita GDP when it is positive. On the other hand, another Wald
test shows that they are much more sensitive than the rest of coun-
tries to the cyclical component when it is negative. In sum, the higher
the relevance of private over total outlays, the higher the flexibility to
adjust total healthcare expenditure in bad economic times.

6. Conclusions

The contribution of this paper to the literature on the relationship
between healthcare expenditure and income is threefold. First, we
analyze the dynamics of the relationship and in particular, the differ-
ence between short and long term elasticities. Second, we analyze
whether the response of health expenditure is similar when there
occur changes in per capita GDP trend or in the gap between the ob-
served per capita GDP and the trend GDP. Finally, we test if results
hold in the case of countries where the share of private expenditure
over the total is more relevant.

According to econometric estimates, while the estimated short-run
elasticity is around 0.3, the long-run elasticity is 1.1. All in all, the null
hypothesis of unitary long-run elasticity can be rejected at 95% but
not at 99% level of confidence. Second, health expenditure is more sen-
sitive to per capita income cyclical movements than to trend move-
ments. Third, countries with a higher private share in total health care
expenditure adjust faster to changes in GDP, but income elasticity is
not significantly higher in long term. A similar result is found for the
US in Sood et al. (2007). Finally, expenditure in those countries is insen-
sitive to changes in positive output gaps, but it is very sensitive to
changes in negative output gaps. In sum, the higher the relevance of pri-
vate choices over expenditure, the higher the flexibility to adjust it to
changes in per capita income.
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