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Introduction
Globally, health care remains important but expensive. 
Good health and well-being is the third of 17 global Sus-
tainable Development Goals launched by the United Na-
tions in 2015 with approximately 10.0% of global gross 
domestic product (GDP) dedicated to health that year. Be-
tween 2000 and 2015, average annual real growth rate of 
the global health economy was 4.0% compared with 2.8% 
for the overall global economy (1). Health accounts for a 
large proportion of the GDP and government budget of 
the world’s top 10 economies (Figure 1).

Prepayment of healthcare financing1 is crucial to 
ensure that all individuals have access to effective 
public and personal healthcare at affordable prices. A 
high level of prepayment, especially through public 
financing via a tax-based system, social health insurance 
scheme, or mixed system, positively affects the fairness 
of the payment distribution burden. Additionally, public 
financing spreads financial risks more strategically and 

1 According to the World Health Organization definition, prepayment refers to the health expenditure excluding out-of-pocket payments. Public 
prepayment includes transfers from government domestic revenue and social insurance contributions (from employers and employees). Private 
prepayment refers to the fund collected by private health insurance.

subsidises poorer people. The degree of risk sharing in a 
health financing organization positively affects its health 
system attainment (2). In contrast, healthcare financing 
systems with high out-of-pocket (OOP) payments create 
problems of access, particularly for vulnerable groups 
including low-income populations.

Considerable research has examined the determinants 
of prepayment levels in terms of both public prepayment 
and private prepaid plans (Appendix). For public 
prepayment, these factors include economic growth, 
Wagner’s law, demographic heterogeneity, political 
legitimacy, and capitalism. In particular, the important 
stewardship role that the government can play may 
facilitate the transition to higher levels of prepayment 
even in slower-growing countries (3). The public prepaid 
financing system is an important tool for the ruling 
party to ease conflict among different social classes and 
maintain political power. To safeguard its legitimate 
status, the system can be improved as political opposition 
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intensifies (4). For private prepayment, in addition to 
traditional socioeconomic and political demand factors 
including income (5–7), population ageing (8,9), education 
levels (10,11), and employment status (12), various other 
factors can explain the growth of private prepaid plans. 

For instance, the longer waiting lists for National Health 
Service treatment in the United Kingdom of Great Britain 
and Northern Ireland have been associated with more 
purchases of private health insurance (PHI) (13). The 
service quality gap between public and private prepaid 

Figure 1 Large proportion of gross domestic product and budget expenditure on health for world’s top 10 economies (2016) 

The size of each bubble represents the health expenditure per capita of the country. Ranking of national economies is provided by International Monetary Fund’s World 
Economic Outlook for 2019. Since economies of different levels of development are compared, the health expenditure and out-of-pocket expenditure per capita is calculated 
in PPP int. $ ( purchasing power of national currencies against USD). 

Source: World Health Organization, 2019.

Table 1 Panel co-integration tests of prepayment, public and private financing
Methods  Y  Y 1   Y 1

Pedroni (1999) Panel v-Stat. –0.251814(0.5994) 1.220125(0.1112) –0.969307(0.8338)

Pedroni (1999) Panel ρ-Stat. –3.082017(0.0010) –4.371516(0.0000) –0.385095(0.3501)

Pedroni (1999) Panel pp-Stat. –3.546204(0.0002) –5.230357(0.0000) –0.891136(0.1864)

Pedroni (1999) Panel ADF-Stat. –2.879510(0.0020) –4.653091(0.0000) –1.576539(0.0575)

Pedroni (1999) Group ρ-Stat. –0.284915(0.3879) –0.934630(0.1750) 3.359792(0.9996)

Pedroni (1999) Group pp-Stat. –5.128860(0.0000) –5.939829(0.0000) 0.205246(0.5813)

Pedroni (1999) Group ADF-Stat. –4.828542(0.0000) –5.594431(0.0000) –0.817908(0.2067)

Kao (1999) ADF t-Stat. –2.853071(0.0022) –5.389342(0.0000) –2.646904(0.0041)

Johansen Fisher Fisher Stat. (from trace test) 137.3(0.0000) 134.5(0.0000) 131.4(0.0000)

Johansen Fisher Fisher Stat. (from max-eigen 
test)

108.1(0.0014) 104.7(0.0006) 100.5(0.0014)

We report no intercept or trend results for Pedroni (1999) and Johansen Fisher tests. Panel v-Stat refers to panel variance statistic. Panel ρ-Stat refers to panel ρ statistic. Panel pp-Stat refers to 
Panel Phillips–Perron (PP) statistic. Panel ADF-Stat refers to panel augmented Dickey–Fuller statistic. Group ρ-Stat refers to group ρ statistic, a type of group mean panel cointegration statistics. 
Group pp-Stat refers to group Phillips–Perron statistic. Group ADF-Stat refers to group augmented Dickey–Fuller statistic. ADF t-Stat refers to augmented Dickey–Fuller t-Statistic based 
on cointegration test proposed by Kao (1999). Fisher Stat (from trace test) refers to trace statistics based on Johansen co-integration test. Fisher Stat (from max-eigen test) refers to maximum 
eigenvalue statistics based on Johansen co-integration test.
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plans could also drive demand for PHI (14).
Government health budget influences prepayment 

levels through at least 2 channels (Figure 2). On the one 
hand, if the overall health expenditure remains constant 
in the short term, then when the government increases 
its expenditures in the health sector, the spending 
will partially go to the public prepaid system (social 
health insurance, tax-financed) and may cover a certain 
proportion of originally private spending, that is, private 
prepaid plans and OOP payments. Consequently, the 
level of prepayment increases (15). On the other hand, 
government spending on health may increase total 
expenditure in the health sector, thus driving long-
term prepayment levels in the opposite direction (16). 
The increased government expenditure on health can 
also be used to build hospitals, train doctors and nurses, 
and produce innovative drugs, thus promoting the 
overall development of the health sector and boosting 
the market (17,18). Compared with necessary medical 
services, high-tech equipment and services offered by 
well-educated employees are more expensive, while price 
regulation and control of premium healthcare packages 
are not always easy, particularly in a private-dominated 
system (19). Therefore, these conditions may boost total 
healthcare expenditure and private spending, including 
PHI and OOP costs. Hence, the prepayment level 
decreases simultaneously. Moreover, since public prepaid 
plans normally cover basic pharmaceutical services and 
drugs, most high-quality services and innovative drugs 
are paid for by private financing packages (e.g., private 
insurers and patients). Thus, these examples indicate that 
government budgetary increases in the health sector may 
have various impacts on public and private financing.

The aim of this study was to evaluate how such 
government health budgets operate in various economies. 

Methods 
Empirical model
To measure the long-term relationship between the lev-
el of healthcare prepayment and government health 
budget, we established a panel vector autoregressive 
(PVAR) model:

-1 tZ Z + +it it i itb a eg= +  (1)
In Model (1), Zit is a vector of two variables (Y, X). Y 

denotes the prepaid expenditure on health (total health 
expenditure excluding OOP expenses) as a ratio to GDP. 
We divide healthcare prepayment into public prepayment 
(Y1) and private prepaid plans (Y2), with both expressed 
as a percentage of GDP. X represents government 
expenditure on health as a share of total government 
expenditure, αi represents the country-specific effects, γt 
the time effects, β the coefficient matrix, and εit the error 
term. The subscripts i and t denote country and year, 
respectively. This model includes only first-order lags, 
which are included based on the Bayesian information 
criterion.

In any dynamic model including lags of the 
dependent variables, inclusion of fixed effects creates 
biased coefficients because individual effects are 
correlated with the regressors. To mitigate this, our PVAR 
estimation routine follows the methods proposed by Love 
and Zicchino (20), using forward mean-differencing, also 
referred to as the Helmert procedure (21). Accordingly, all 
variables are transformed into deviations from forward 
means. This transformation preserves the orthogonality 
between transformed variables and lagged regressors, 
which allows us to use lagged regressors as instruments 
for the generalized method of moments estimation. The 
time effects are removed by subtracting the means of 
each variable calculated per country. 

Figure 2 Effect of government health budget on the level of health prepayment
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The PVAR methodology combines the traditional VAR 
approach, which treats all the variables in the system as 
endogenous, with the panel-data approach, which allows 
for unobserved individual heterogeneity (20). However, 
PVAR estimates are seldom interpreted by themselves. 
In practice, the impact of exogenous changes in each 
endogenous variable on other variables in the PVAR 
system is of interest. The prime benefit of this approach is 
evaluating the reaction of one variable to the innovations 
in another variable in the system, while holding all other 
shocks at 0 using impulse response functions (22). The 
impulse response function describes the evolution of 
the variable of interest along a specified time horizon 
after a shock in a given moment. Based on the equation 
of PVAR model, it captures the correlations between the 
present and future values of all endogenous variables 
because of its lagged specification. In this iterative 
process, any shock to 1 variable will have an effect on the 
values of other variables at the time of the shock and over 
subsequent periods. This feature allows one to trace the 
transmission of a single shock within a system and, thus, 
makes it a useful tool in the assessment of economic 
policies. Additionally, the PVAR system can measure the 
percentage variation in 1 variable that is explained by the 

shock to another variable accumulated over time, that is, 
variance decomposition.

Impulse response functions and forecast-error 
variance decompositions are conducted to investigate 
the dynamic effects of government’s willingness to 
fund on the level of health prepayment. Accordingly, 
we can measure the impact of a shock in government’s 
willingness to fund on the level of health prepayment 
and the percentage variance in health prepayment levels 
that are attributable to innovations in government’s 
willingness to fund, respectively.

Panel data
We used the panel annual data of the 34 OECD member 
countries over the period 1995–2016, obtained mainly 
from the World Health Organization Global Health Ob-
servatory data and the OECD library. Figure 3 compares 
the variables among the countries. However, we excluded 
Norway, Sweden and Turkey because of missing values 
of private prepaid plans as a ratio of private health ex-
penditure. Thus, we restricted our sample of the indica-
tors Y1 and Y2 to 31 members. Additionally, the data series 
of X was selected to match different panel data when ana-
lysing its relationship with Y, Y1 and Y2 separately.
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Figure 3 Comparison of variables (X, Y, Y1, Y2) among Organisation for Economic Co-operation and Development (OECD) 
members (1995–2016) 
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Results
Overall effects
Panel cointegration analysis

We first conducted unit root tests to examine whether 
the panel variables were stationary. Six best-known panel 
stationarity test methods were used, including the LLC 
(unit root tests for panel data proposed by Levin et al., 
2002) (23), Breitung (24), IPS (unit root tests for panel data 
proposed by Im et al., 2003) (25), and 2 Fisher-type (26, 27) 
tests. The results showed that all the variables, Y, Y1, Y2 and 
X, were stationary after the first difference was taken, 
which simply means that the panel data variables were 
consistent with the AR(1) process (Appendix Table 2).

Subsequently, Pedroni (28), Kao (29) and Johansen 
Fisher panel cointegration tests were applied to 
examine whether long-term cointegration relationships 
existed between the level of health prepayment and a 
government’s willingness to fund it, that is (Y, X), (Y1, 
X), and (Y2, X). Table 1 indicates that the tests’ results of 
indicators (Y, X) and (Y1, X) rejected the null hypothesis of 
no cointegration at the 5% significance level. However, 
most of the test results for the indicators (Y2, X) did not 
reject the null hypothesis.
Shock and fluctuation analysis by impulse responses and 
variance decompositions

To investigate further the response of the level of 
health prepayment to the shock of government 
health budget, impulse response functions were 
constructed. Appendix Figure 1 illustrates the 
impulse responses of Y in 34 countries and Y1 
and Y2 in 31 countries to 1 standard deviation (SD) 
shock of X. Y positively responded to the shock of 
X, and this effect lasted for 51 periods. The impulse 
response of Y expanded rapidly and peaked at 0.08 
in the 10th period before declining gradually until 

it approaches 0 in the 51st period. A similar pattern 
emerged in the impulse response of Y1 to the shock 
of X, which increased dramatically to 0.016 in the 
4th period before decreasing steadily to 0 in the 
37th period. In contrast, the response curve of 
Y2 immediately approached0 in the first several 
periods and remained flat thereafter. Appendix Table 
5 shows that the percentages of variations in Y and 
Y1 explained by X reached their peaks at 13.7% in the 
51st period and 13.7% in the 37th period, respectively, 
while X explained only at most 2.3% of the variation 
in Y2 in the 96th period, which was lower than that 
of Y and Y1.

Heterogeneity by country: income variance and 
prepayment variance
To analyse whether heterogeneity by country mattered in 
the context of our study, we divided the 34 OECD mem-
bers into groups by income levels and prepayment sys-
tems. Figure 4A represents the income differences among 
the members based on gross national income (GNI) per 
capita, while Figure 4B represents the public prepayment 
differences using public prepayment as a percentage of 
total expenditure on health. The sample was divided by 
the medians of the 2 factors. First, through the average 
ranking of GNI per capita from 1995 to 2016 for the 34 
countries, we identified the median income to be US$ 
31 974.09; Group A and Group B represented the panel 
above and below this median, respectively. The country 
with the highest GNI per capita was Luxembourg at US$ 
56 800 and the lowest was Mexico at US$ 13 197.27. Sec-
ond, using the median of public prepayment as a percent-
age of total expenditure on health for the 34 countries, 
17 countries (Group C) exceeded this median (i.e., 75.63%) 
while the rest were classified in Group D. Among them, 
the Czech Republic had the highest (86.59%) and Mexico 
the lowest (46.67%) public dominance.
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As shown in Appendix Tables 3–6, the results of unit 
root tests and panel cointegration tests for subgroups 
were the same as those with the full sample panel. All the 
variables were first-order stationary. (Y, X) and (Y1, X) were 
cointegrated but (Y2, X) were not. 

The result of particular interest was the difference in 
impulse responses between subgroups. Appendix Figure 
2 reports that a 1 SD shock in X of Group B had shorter 
and weaker impacts on Y than that of Group A (i.e., peaks 
at 0.004, lasting for 27 periods compared with peaks 
at 0.023, lasting for 48 periods). Similar features were 
found in Y1: Group A had greater response intensity and 
longer duration (i.e., peaks at 0.038, lasting for 42 periods 
compared with peaks at 0.009, lasting for 35 periods). By 
contrast, the responses of Y2 to shock in X were close to 
0 for both Groups A and B. According to the results of 
variance decomposition, the proportions of variations in 
Y and Y1 attributed to X were higher in Group A (Appendix 
Table 6).

Concerning the sample grouped by public dominance, 
the above patterns still existed. For instance, Appendix 
Figure 3 shows that the impulse response of Y1 was 
stronger in Group C (i.e., peaks at 0.03 compared with 
0.009). It is also worth noting that the percentage of 
variation in Y1 that could be explained by the shock of 
X in Group C was larger than in Group D (i.e., remained 
stable at 22.7% compared with 8.5% in the 33rd period) 
(Appendix Table 7).

Discussion  
For all OECD members, when a government highly prior-
itizes healthcare (i.e., the ratio of government expenditure 
on health to total government expenditure increases), the 
prepaid fund raised by social health insurance and/or tax 
increases greatly. Thus, the public prepayment level im-
proves the total prepayment level simultaneously. More-
over, this effect is sustainable and persists in the short 
term because policies tend to have lagged effects. Com-
pared to the positive effects, government health budgets 
have no effect on private prepaid plans, potentially be-
cause individuals purchase PHI according to their own 
health status, income level, and risk preferences, which 
are not directly affected by government health budgets.

The empirical results demonstrate that for countries 
with higher GNI per capita, the government health budget 
has greater and longer impacts on the public prepayment 
level. The income level of a country is related to its overall 
fiscal capacity and its government’s decisions regarding 
the share of public spending to allocate to the health 
sector (30). In higher-income countries, government 
budget prioritization for health plays a more important 
role in the public health financing system. Appendix 
Figure 4 shows that the government health expenditure 
as a ratio of total government expenditure of higher-
income countries is higher than that of less-high-income 
countries, on average. That is, governments of higher-
income countries are willing to give greater priority to 
health in their limited budgets. Due to this prioritization, 
government fiscal expansion in health drives a greater 

increase in public health prepayment over a longer period 
of time.

Regarding differences between the 2 groups 
categorized based on public prepayment, we found that in 
countries with more public-dominated health-financing 
systems, the public and total health prepayment levels 
responded more strongly to the shock of government 
health budgets. Government health budgets made a 
greater contribution to the variation in the level of public 
health prepayment in these countries. These results make 
economic sense. When the share of health prepayment 
that is channelled from the public sector increases, the 
policy transmission mechanism is less obstructed and 
more effective. For instance, it is typical that public health 
financing dominates in Northern Europe, including 
Norway and Sweden, which are reputed for their nearly 
universal health coverage and low OOP payment per 
capita. It is suggested that financial protection improves 
as reliance on public prepayment increases.

Another interesting point is that in the less public-
dominated group, lower-income countries, such as 
Mexico and Turkey, tend to have weaker fiscal capacity 
to finance health prepayments. Thus, government 
health budgets play a limited role in public health 
prepayment, leading to weaker financial protection 
for citizens. However, despite an increase in income 
levels, government health budgets do not necessarily 
have a greater impact on public prepayment levels. The 
extent of financial protection of individuals is closely 
associated with the proportion of public prepayment. 
For instance, the public sector is less dominant in the 
health financing system of the USA, accompanied by the 
highest OOP payment per capita worldwide, although 
the US government spends the most on health among the 
world’s top 10 economies.

There are important lessons to be learned from the 
OECD countries for policy-makers seeking to adjust the 
role of government expenditure on health; specifically, 
policy choices should be based on the comparison of 
impacts on different financing sources (i.e., public 
and private). Our findings show that the increase in 
government health expenditure ratio has positive impacts 
on public and total prepayment levels, but little impact 
on the level of private prepaid plans. A health system 
that relies mainly on high levels of government funding 
and a high share of prepayment sources in overall health 
spending generally provides better and more equitable 
access to services and financial protection. Therefore, 
strengthening government health budgets is essential 
for increasing public health prepayment, which is a key 
factor for achieving the Sustainable Development Goal 
for health. However, government budget prioritization 
has not been fully tapped in lower-income countries, 
leaving room for more investments in health (30). Based 
on the group comparisons, low-income countries require 
greater attention to prioritizing health in government 
budgets and better exploiting them to increase health 
prepayment levels. Additionally, the dynamic relationship 
between government health budget and the level of 
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health prepayment indicates that policy implementations 
may have delayed effects, which should be considered in 
policy decision-making.

However, there were several limitations to the 
present study. Due to data unavailability, the direct and 
indirect effects of government health budgets on the 
level of health prepayment could not be distinguished. 
For example, government expenditure on health can 
influence the health prepayment through direct transfers 
to health-financing schemes or indirectly, by improving 
individuals’ incentives to purchase public/private health 
insurance. There may also have been a methodological 
limitation since the PVAR model was less theory based 
compared to traditional structural models, while other 

factors that may affect health payment levels were not 
included in the model. We leave such considerations for 
future research.

Conclusion
This study shows that government health budgets have 
a long-term equilibrium relationship with and play a sig-
nificant role in explaining the fluctuations in the level of 
public and total prepayment. By contrast, government 
health expenditure does not systematically crowd out 
private prepaid plans and contributes little to explaining 
their variations.
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أثر الميزانية الحكومية على مستويات الدفع المسبق في مجال الصحة: دلائل مستمدة من بلدان منظمة التعاون والتنمية في الميدان الاقتصادي
ينج تشانج، جاك فانيست، وينكينج بان، ليوي تشانج

الخلاصة
الخلفية: يرتبط الدفع المسبق للحصول على الخدمات الصحية، وهو مؤشر رئيسي في إطار رصد أهداف التنمية المستدامة، بصورة وثيقة بالحماية المالية 

للأسر؛ غير أنه من النادر أن تجري مناقشة تأثير الميزانية الحكومية للصحة على مستويات الدفع المسبق.
الأهداف: هدفت هذه الدراسة إلى الرد على الأسئلة البحثية التالية: )1( هل يُترجَم ارتفاع مخصصات الميزانية الحكومية للصحة إلى ارتفاع معدلات 
الدفع المسبق في نظام تمويل الرعاية الصحية؟ )2( ما هي آثار الميزانية الحكومية للصحة على خطط الدفع المسبق العامة وخطط الدفع المسبق الخاصة؟ 

)3( ما هي أوجه التفاوت بين مجموعات البلدان المختلفة من حيث مستويات الدخل ونُظُم الدفع المسبق في مجال الصحة العامة؟
طرق البحث: أجري تحليل تآلف المجموعة، ووظيفة الاستجابة الاندفاعية، وتحليل التفكك التبايني في 34 عضواً في منظمة التعاون والتنمية في 

الميدان الاقتصادي خلال الفترة من 1995 وحتى 2016.

Impact du budget de l’État sur les niveaux de prépaiement pour les soins de santé : 
données probantes des pays membres de l’OCDE
Résumé
Contexte : Le prépaiement pour les soins de santé, un indicateur clé du cadre de suivi des objectifs de développement 
durable, est fortement associé à la protection financière des ménages ; toutefois, l’impact du budget public de la santé sur 
le niveau de prépaiement a rarement été examiné.
Objectifs : Répondre aux questions de recherche suivantes. 1) Une augmentation du budget public de la santé se traduit-
elle par des taux de prépaiement plus élevés dans le système de financement des soins de santé ? 2) Quels sont les 
effets du budget  public de la santé sur le prépaiement public et les systèmes privés de prépaiement ? 3) Quelles sont les 
hétérogénéités entre les groupes de pays ayant des niveaux de revenu et des systèmes de prépaiement de santé différents ?
Méthodes : Pour la période 1995-2016, 34 membres de l'Organisation de coopération et de développement 
économiques (OCDE) ont procédé à une analyse de la co-intégration des panels, de la fonction de réponse impulsive 
et de la décomposition des variances.
Résultats : Le budget public de la santé est depuis longtemps en équilibre avec le niveau des prépaiements publics et 
totaux. Cependant, une relation stable n'a pas pu être confirmée avec les systèmes privés de prépaiement. En outre, le 
budget de la santé a joué un rôle positif important en expliquant les fluctuations de l’ensemble des prépaiements et des 
prépaiements publics sur une longue période, c'est-à-dire 51 et 37 périodes, respectivement. Compte tenu des différences 
entre groupes de pays, les impacts sont plus importants pour ceux dont les niveaux de revenu sont plus élevés et dont les 
systèmes de financement de la santé sont plus à dominante publique.
Conclusions : Le budget public de la santé est lié depuis longtemps aux niveaux du total des dépenses prépayées et 
des prépaiements publics. En revanche, il ne permet pas de supplanter systématiquement les systèmes privés de 
prépaiement.
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