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Abstract 
This article further investigates the determinants of health expenditures by using aggregate data. 
Specifically, a panel data analysis of 25 OECD countries reveals that under several model specifica- 
tions, the proxy for population ageing has no effect on health costs in accordance with recent 
findings. In contrast to this well-known result, an additional estimation conducted to check ro- 
bustness revealed that the ageing variable becomes positive and significant. The significant effect 
may provide a new signal for a determinant of health expenditures. This result suggests that age- 
ing is an important factor that cannot be ignored when considering variations in health expendi- 
tures. 
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1. Introduction 
This article further investigates the determinants of health expenditures, which have been widely examined in 
econometric analyses of health care services. For this empirical study, OECD Health Data are used to construct 
a cross-country panel dataset and examined several issues by standard analytical methods.1 

In previous studies on the determinants of per capita health expenditures, the age structure of a country’s pop- 
ulation (i.e., ageing of the population) has been considered an influential factor in increased expenditures in the 
health care sector, along with other important factors such as income and technological progress (Getzen, [1]; 
Norton, [2]; OECD, [3]).2 Numerous studies, including Hitiris and Posnett [4], have used ageing as a factor 

 

 

1The dataset is available from the author upon request. 
2The ratio of older people (i.e., persons over the ages of 65, 70, 75, 80, etc.) to the entire population is often used as an index of population 
ageing in empirical studies. 
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when examining health care expenditures. However, some relatively recent analyses using aggregate (macro) 
data, including Barros [5], Gerdtham et al. [6], and Herwartz and Theilen [7], have found negative or insignifi-
cant estimates for ageing variables, contrary to general predictions. These recent findings suggest that popula-
tion ageing has no significant effect on variations in aggregate health expenditures.3 Similar findings are also 
obtained in microeconometric studies, including Felder et al. [11], Werblow et al. [12], and Zweifel et al. [13]. 
In these studies, the effects of ageing on health expenditures have been referred to as a “red herring hypothe-
sis”.4 

Although much of the empirical evidence shown in macro and micro analyses depends on the weak explana- 
tory power of an ageing variable, we reexamine this point based on the importance placed on the findings of 
Cutler [18]. Cutler commented, in regard to some studies calling the effects of population ageing on health ex- 
penditures a red herring, that the relevancy of ageing factors possibly varies in response to changes in the future 
health environment. Moreover, the rapid evolution of ageing societies in developed countries such as Japan is 
without precedent, and it would be quite natural for a change in the existing relationship between ageing and 
health expenditures to occur in such countries. If changes are observed, then special attention should be given to 
health care policy in these countries. Recently, in addition to the importance of the proximity of death for health 
cost determinants, as highlighted by Zweifel et al. [13], Dormont et al. [19] reevaluate the importance of the 
ageing factor according to the graphical analysis by Yang et al. [20]. Against this background, a reexamination 
of this issue is now useful. 

To reexamine the impacts of population ageing given our analytical aim described above, we employ samples 
targeting periods of time in which societal ageing progressed rapidly. Although our primary goal is to examine 
the relationship between ageing and health costs, we also investigate the effects of other important variables in- 
cluding income level and proxies for the system of medical service. This approach is the notable feature of the 
present study compared with the literature, where focus is placed upon long-run economic relationships among 
some major variables. Baltagi and Moscone [21] provide one such example: they examine the non-stationarity 
and cointegration properties between per capita health care expenditure and per capita GDP. Furthermore, it is 
interesting to examine whether differences in estimation methods and the selection of explanatory variables af- 
fect the impact of population ageing on health expenditures. As shown in Baltagi and Moscone [21], estimates 
for ageing variables are sensitive to estimation methods. Therefore, we address such problems by using standard 
panel data analysis with a unified test procedure. 

The rest of the article is organized as follows. Section 2 explains the econometric model and data employed in 
this study. Section 3 presents the estimation results. Lastly, Section 4 presents the study’s conclusions. 

2. Model Specification and Data 
We developed a standard panel regression approach, which is a familiar one in the study of the determinants of 
health care expenditures. As the benchmark panel regression model, the individual-specific effects model (the 
fixed effects (FE) or random effects (RE) model) is specified as follows: 

65HE GDP POPit i it it it ita α β γ ε′= + + + +x                          (1) 

where 1, ,i N=   denotes a cross-section index of countries, and 1, ,t T=   denotes the time-series index.5 
The dependent variable in Equation (1) is the logarithm of real per capita health expenditures (HE). Real GDP 
per capita (GDP) and the ratio of the population aged 65 and over to the total population (POP65) are two fun- 
damental variables in our regression analysis. The vector x  corresponds to a set of explanatory (control) va- 
riables explained below. ε  is the error term. Note that all variables in Equation (1), including the variable on 
the left hand side but not the dummy variable, are expressed as natural logarithms. This implies that the func- 
tional form be a log-log specification, and thus we can interpret the estimated coefficients α , β , and γ  as 
standard elasticities. 

 

 

3A survey article by Gerdtham and Jönsson [8] remarked that, on the whole, there is little evidence to support the explanatory power of an 
ageing variable. On the other hand, a significant relationship is frequently found when one employs data at the provincial or state level, ra-
ther than at the country level (Di Matteo and Di Matteo, [9]; Wang, [10]). 
4On the other hand, some studies have argued against this view (Dow and Norton, [14]; Getzen, [15]; Salas and Raftery, [16]; Seshamani 
and Gray, [17]). 
5If an unobserved random variable ia  is correlated (uncorrelated) with explanatory variables, Equation (1) corresponds to the FE (RE) 
model. 
6Most variables were extracted from OECD Health Data 2008. World Development Indicators 2007 are used for FLABOUR and POPD. 
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Here the unbalanced panel dataset includes 11 variables for 25 OECD countries over the period 1985-2006.6 
The variables are listed in Table 1. In the literature, the fundamental variable GDP is widely used for studying 
health expenditure determinants (Gerdtham and Jönsson, [8]). The highlight of the present analysis is the beha- 
viour of the sign and the significance of the estimated coefficient for POP65. Namely, when POP65 has a posi- 
tive value, population ageing is a potential source of rising health costs. We also consider POP14, the ratio of 
the population aged 0 - 14 to the total population, as the variable for the population age structure. An increase in 
the share of young people within the population appears to reduce health costs (Mosca, [22]). 

As other control variables, the following three variables reflecting the supply side and institutional characte- 
ristics of health care are examined: ABED, PUBE, and DCOVER. ABED is acute-care bed density, an increase 
in which is associated with higher health expenditures. Following Baltagi and Moscone [21], we also consider 
the intensity of public engagement in overall health expenditures. This is captured by the variable PUBE, cor- 
responding to the share of public health expenditures out of total health expenditures. We assume that a higher 
share will increase health costs. In association with PUBE, an institutional dummy variable DCOVER is in- 
cluded in the regression equation, and takes the value 1 if the relevant country has an above average value for 
health care coverage (% of total population) each year, or 0 otherwise.7 This variable accounts for the level of 
improvement in publicly provided health care systems. 

In addition to the abovementioned variables directly related to health, the following socioeconomic variables 
are also included in the regression analysis: FLABOUR, POPD, and UNEMPLOY. FLABOUR denotes the 
percentage of female labour in the productive female population (age 15 - 64). This is one measure of the labour 
force participation rate of women, and we expect that a rise in this measure stimulates health expenditures due to 
increased household income. Following Crivelli et al. [23], we consider population density (POPD) as a proxy 
for the advancement of urbanization. A high population density is hazardous to human health, and it seems 
probable that rising health costs would follow. However, urbanization undoubtedly also leads to improvements 
in public health, which may decrease health expenditures. Accordingly, the influence of urbanization measured 
by population density should be judged in light of the empirical results presented below. Unemployment rate 
(UNEMPLOY) is a variable that reflects the macroeconomic environment. As Mosca [22] pointed out, a rise in 
this rate has a strong impact on human health and thus increases health costs. 

When studying health expenditure determinants, it is important to include factors related to medical care 
technology into the regression equation. As Newhouse [24] noted, technological change in the health care sector 
conceivably has a significant impact on health costs because of its cost-increasing nature. Unless taking on a re-
sidual approach to technological change, however, assessing the impact of medical care technologies is difficult. 
If we tentatively restrict technological factors to medical equipment, we fail to extract sufficient samples for 
 
Table 1. List of variables.                                                                                    

Symbol Description of the variable 

HE Per capita real health expenditure (US $, PPP) 

GDP Per capita real GDP (US $, PPP) 

POP65 % population aged 65 and over 

POP14 % population aged 0 - 14 

ABED Number of acute-care beds per 1000 population 

FLABOUR % female labour from female population aged 15 - 64 

POPD Number of people per sq. km 

PUBE Public health expenditure as % of total health expenditure 

UNEMPLOY % unemployment in labour force 

DCOVER Dummy variable for health coverage 

TIME Time variable 

 

 

7We calculate the average value using the original OECD Health Data 2008 database. For all 30 countries over the period 1970-2006, the 
calculated average value for coverage (COVER) is about 93.42%. Consequently, DCOVER = 1 if COVER 93.42≥ , 0 otherwise. 
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computed tomography (CT) scanners and magnetic resonance imageing (MRI) in the current OECD Health Data. 
Thus, we employ an indirect and simple approach that evaluates the effects of medical care technologies. Fol- 
lowing Crivelli et al. [23], Mosca [22], and others, we include a time variable (TIME) in the regression equation. 
This variable is specified as a linear trend over time. We can interpret a positive coefficient for TIME to be an 
indication that technological change leads to an increase in health costs.  

The above are all of the variables used in this study. Summary statistics for 25 countries over the period 1985- 
2006 are reported in Table 2. Note that, in the FE model, the status of coverage may be eliminated as a fixed ef- 
fect. Accordingly, we estimate the FE model without DCOVER. 

3. Estimation Results 
3.1. Benchmark Estimations 
Table 3 shows benchmark estimation results from variations of Equation (1). Columns (1a)-(1c) show a set of 
standard panel estimations: pooled, FE, and RE. As is well known, by practicing a series of unified tests we can 
select a suitable model. The choice between the pooled and FE models is examined by an F test. Along this line, 
the choice between the pooled and RE models is examined by the Breusch and Pagan (B-P) test, based on the 
Lagrange multiplier (LM) statistic.8 Finally, a comparison between the FE and RE models is conducted by using 
the Hausman test.9 According to the test results shown at the bottom of Table 3 (we report the p-value corres- 
ponding to each test), the FE model is the preferred specification, so we start with a detailed exploration of the 
results in Column (1b).10 

Income elasticity corresponding to the estimated coefficient of GDP is smaller than unity, suggesting that 
health care service is a necessary good. More concretely, a 1% point increase in GDP leads to health expendi- 
tures increasing by 0.95% points, and the coefficient is statistically significant at the 1% level. Some early stu- 
dies at macro or national levels have claimed that income elasticity is greater than unity (i.e., a luxury good), but 
characteristics of a non-luxury good for health care have been proposed in the literature, including the relatively 
recent contributions of Gerdtham et al. [6], Mosca [22], and others. 

As noted before, in this article, the effects of a country’s age structure will be a central issue. The rate of pop- 
ulation ageing POP65 is not significant, which agrees with recent findings including those from microeconome- 
tric studies. Incidentally, if POP65 rises by 1%, total health costs increase by 0.05%. Also, the ratio of younger 
people to the total population (POP14), gives an insignificant estimate. 

Next we examine estimates for the supply side and institutional variables. The coefficient for ABED shows 
the expected sign but is insignificant; thus, bed density has no impact on health costs within the limits of this es- 
timation. The estimate for public health expenditures (PUBE), has a positive sign and is statistically significant 
 
Table 2. Summary statistics 1985-2006.                                                                        

Variable Mean SD Min Max 

POP65 13.32 3.61 4.10 20.80 

POP14 20.08 5.16 13.60 42.00 

ABED 4.39 1.92 1.00 12.30 

FLABOUR 59.18 11.91 27.20 81.90 

POPD 133.30 124.91 2.05 489.15 

PUBE 70.66 13.87 30.90 97.40 

UNEMPLOY 7.45 4.09 0.50 23.90 

Note: All variables are shown except for HE, GDP, DCOVER, and TIME. 
 

8In both of these tests the model corresponding to the null hypothesis is the pooled model. 
9The model corresponding to the null hypothesis is the RE model. 
10The FE estimation can remove the problem of arbitrary correlation between the error terms caused by the unobserved explanatory variables 
and the observed explanatory variables in the model (see, for example, Wooldridge, [25]). 
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Table 3. Estimation results (1).                                                                             

 (1a) (1b) (1c) 

GDP 0.942*** 0.949*** 0.934*** 

 (0.009) (0.010) (0.008) 

POP65 0.868*** 0.047 0.233*** 

 (0.050) (0.084) (0.072) 

POP14 0.384*** ‒0.053 0.063 

 (0.085) (0.088) (0.082) 

ABED 0.061*** 0.045 0.052 

 (0.021) (0.038) (0.035) 

FLABOUR 0.179*** 0.204** 0.326*** 

 (0.044) (0.084) (0.074) 

POPD ‒0.050*** 0.207 ‒0.036* 

 (0.006) (0.175) (0.019) 

PUBE ‒0.385*** 0.246*** 0.141** 

 (0.036) (0.062) (0.058) 

UNEMPLOY ‒0.017 0.046*** 0.041*** 

 (0.012) (0.010) (0.011) 

DCOVER ‒0.263***  ‒0.072* 

 (0.019)  (0.043) 

TIME 0.262*** 0.280*** 0.290*** 

 (0.034) (0.047) (0.033) 

R2 0.968 0.688 0.927 

Observations 443 443 443 

Specification tests (p-value):    
F test  .000  

B-P test  .000  
Hausman test  .000  

Note: Constant term is included in each regression. Sample size is 25. Standard errors are shown in parentheses. ***, **, * denote significance at 1, 5, 
and 10% levels, respectively. 
 
at the 1% level, as in Baltagi and Moscone [21]. 

The three explanatory variables describing socioeconomic and macroeconomic conditions are interesting. The 
elasticity of FLABOUR is positive and significant at the 5% level, indicating that total health expenditures rise 
together with the rate of female labour force participation. This effect is generally ascribed to the social ad- 
vancement of women, which enhances household income levels. As noted before, the advancement of urbaniza- 
tion (captured by POPD in this study) has a complex impact on health expenditures. Because the coefficient for 
POPD is positive but insignificant, this result tells us that urbanization has no relevance to national health ex- 
penditures.11 As expected, the rate of unemployment (UNEMPLOY) has a significant influence on health ex-

 

 

11Contrary to our result, Crivelli et al. [23] used panel data for 26 cantons in Switzerland and obtained a positive and significant estimate for 
population density. 
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penditures. The estimated coefficient is positive—a 1% increase in the unemployment rate leads to health costs 
rising by about 0.05% points—showing that addressing employment issues in the macroeconomy is related to 
health care issues, and thus raises some important implications. 

Finally, we find that the time variable TIME is positive and significant at the 1% level. This implies that the 
sample countries transform gradually into a high-cost structure, probably due to technological change in the 
medical care and pharmaceutical sectors. 

3.2. Robustness of the Benchmark Results 
In this subsection, we examine the robustness of the benchmark estimations. Comparing the correlation coeffi- 
cients among the explanatory variables, we find that our essential variable POP65 is highly correlated with 
POP14.12 As is well known, high correlation among the regressors may produce a multicollinearity problem. In 
light of this, reestimating (1b) and (1c) without POP14 yields the results of columns (2a) and (2b) in Table 4.13 
 
Table 4. Estimation results (2).                                                                                   

 (2a) (2b) (3a) (3b) 

GDP 0.946*** 0.936*** 0.943*** 0.935*** 

 (0.009) (0.008) (0.008) (0.007) 

POP65 0.077 0.192*** 0.056 0.121** 

 (0.069) (0.057) (0.053) (0.048) 

ABED 0.046 0.050   

 (0.038) (0.035)   
FLABOUR 0.224*** 0.311*** 0.209*** 0.261*** 

 (0.077) (0.073) (0.068) (0.064) 

POPD 0.169 ‒0.037** 0.177 ‒0.027 

 (0.164) (0.019) (0.149) (0.023) 

PUBE 0.244*** 0.154*** 0.286*** 0.249*** 

 (0.061) (0.057) (0.052) (0.049) 

UNEMPLOY 0.045*** 0.042*** 0.043*** 0.040*** 

 (0.010) (0.011) (0.009) (0.009) 

DCOVER  ‒0.068   

  (0.044)   
TIME 0.289*** 0.285*** 0.271*** 0.276*** 

 (0.044) (0.032) (0.030) (0.021) 

R2 0.745 0.924 0.716 0.901 

Observations 443 443 489 489 

Specification tests (p-value):     
F test .000  .000  

B-P test .000  .000  
Hausman test .000  .000  

Note: See Table 3. 

 

 

12The correlation coefficient in question is ( )POP65, POP14 0.91r = − . 
13We report the results of the FE and RE estimations only. 
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Since the three specification tests put forward the FE model, let us further consider the results for (2a). The es- 
timated coefficients for fundamental variables GDP and POP65 remain much the same as before. We can there- 
fore verify that population ageing barely affects health expenditures. Although the estimates of the other va- 
riables are similar to those of (1b), changes in the following three points should be noted. First, the significance 
level of the estimate for FLABOUR becomes higher; second, technological change in the health sector (captured 
by TIME) still has high explanatory power; and third, the goodness of fit ( )2R  is better. 

Turning to another important statistical issue, we should consider the potential for an endogeneity problem. 
To deal with this, we reestimate (2a) and (2b), excluding the supply side and institutional variables of ABED 
and DCOVER.14 Column (3a) and (3b) in Table 4 correspond to the FE and RE estimations, respectively. By 
the specification test, the FE model of (3a) is selected as a suitable estimation. As for (3a), the results for the 
magnitude and significance of each coefficient are approximately the same as in (2a). 

According to the estimations explained above, considering some statistical issues, the last model of (3a) can 
be interpreted as a robust result. To sum up, we can confirm the important point of this study: population ageing 
has an insignificant impact on health costs as found in many recent empirical studies, including Barros [5] and 
Zweifel et al. [13]. 

3.3. A New Signal for the Determinants of Health Expenditures 
With the above analyses in mind, we next re-estimate the FE model under alternative sample periods to check 
robustness. The new sample periods are 1990-2006 and 1997-2006, while the explanatory variables and the sam- 
ple countries are the same as in (3a). The results are shown in Table 5. Columns (4) and (5) present 1990-2006 
and 1997-2006 estimations, respectively. 

In (4), features of the income variable shown in this article are reproduced: HE GDP 1α∂ ∂ = < . We can 
therefore conclude that health care service is a necessary good. The estimate for POP65 is positive but insignifi- 
 
Table 5. Estimation results (3).                                                                                  

 (4) (5) 

 1990- 1997- 

GDP 0.955*** 0.887*** 

 (0.010) (0.021) 

POP65 0.024 0.192** 

 (0.068) (0.085) 

FLABOUR 0.046 ‒0.042 

 (0.085) (0.135) 

POPD 0.151 0.651** 

 (0.197) (0.242) 

PUBE 0.330*** 0.039 

 (0.070) (0.085) 

UNEMPLOY 0.049*** ‒0.005 

 (0.011) (0.016) 

TIME 0.334*** 0.515*** 

 (0.041) (0.062) 

R2 0.641 0.068 

Observations 393 221 

Note: See Table 3. 

 

 

14The reason for excluding ABED and DCOVER is that these variables are likely to cause an endogeneity problem in the context of health 
expenditures. 
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cant, replicating previous findings in the literature. That is, the ageing rate and health expenditures are weakly 
related. Although the overall results of the estimation are close to those of (3a), the only distinct change is the 
estimate for FLABOUR. The coefficient has substantially smaller magnitude, and is insignificant at even the 10% 
level. In addition to the matter of ageing effects, this raises an interesting point in the present estimation. 

Column (5) displays the results in a shorter sample period. Compared with the results already obtained in this 
study, these results are markedly different. The result for GDP accords with the previous estimates, but the result 
for POP65 is drastically altered. From this result, we can infer that the effects of ageing are strongly reflected in 
a sample constructed from more recent data. Taking account of the suggestion by Cutler [18], which was noted 
in the introduction, the positive and highly significant coefficient of POP65 likely indicates a signal of a critical 
transition in the health environment. Moreover, according to the insight by Dormont et al. [19] on the basis of 
Yang et al. [20], although death proximity supported by microeconometric studies is surely important as a de- 
terminant of health expenditures, the ageing effect still cannot be ignored. Our findings possibly relate to the in- 
sight gleaned from the regression analysis using cross-country panel data. However, some problems with the 
overall result of this estimation remain. We must bear in mind that the relatively short-run estimation of (5) has 
less credibility in comparison with our previous estimates. Specifically, the results of these estimates differ 
markedly, except for the two fundamental variables and the proxy variable for technological change (TIME).15 
In addition, the substantial deterioration in 2R  exemplifies the problem. Therefore, the result for POP65 in the 
last estimation should be treated provisional, but might be a new signal for ageing effects on health costs. 

4. Conclusions 
Using a panel of 25 OECD countries over the periods 1985-2006, 1990-2006, and 1997-2006, this study com- 
prehensively examined the determinants of health expenditures. We focused in particular on the estimated coef- 
ficient for the ratio of the population aged 65 and over (POP65) as a proxy for population ageing under various 
model specifications with many control variables. There were three main results obtained from this study. First, 
the benchmark estimation of (1b) through a set of standard tests in a panel study found insignificant ageing ef-
fects. Second, this result was clearly confirmed in the estimations dealing with possible econometric problems. 
Our result is therefore robust and consistent with recent empirical evidence in the literature. Third, which is 
foremost achievement of this paper, in the 1997-2006 estimation conducted to check robustness, we found sig- 
nificant ageing effects contrary to our previous regressions. This unique result calls for reconsidering the sty- 
lized relationships between population ageing and health care expenditures, and represents a possible new sig- 
nal.16 It also indicated the essential need to continue observing the impacts of a country’s age structure on health 
costs.  

Other important findings are that 1) the estimated income elasticities obtained in this study are smaller than 
unity, implying that health care service is a necessary not luxury good; 2) along with GDP, FLABOUR, POPE, 
UNEMPLOY, and TIME also appeared to affect health expenditures in the robust long-term sample of 1985- 
2006; and 3) among these variables in particular, TIME exhibited high significance in all estimations as a proxy 
for technological change in the health sector; this has been frequently mentioned, including by Newhouse [24], 
because taking account of technological change is crucial for investigating the key factors related to rising health 
costs. 

The subject of this paper warrants further study in greater detail. Under a similar framework, an additional 
investigation with a longer sample period is needed to determine whether the stylized facts advocated in the mi- 
croeconometric literature (i.e., insignificant ageing effects) and the new signal captured by the present analysis 
(i.e., significant ageing effects) is probable. Such investigation is needed in order to formulate better health care 
policies. In addition, to resolve the potential endogeneity problem, we should employ instrumental variables es-
timation. Such an approach will make it possible to conduct an analysis with greater credibility. 
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