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Abstract

This study investigates the relationship between public healthcare funding and healthcare
infrastructure development in a universalistic (Beveridge-type) healthcare system. Focus-
ing on Italy over the period 2000-2023, the analysis compares the public and accredited
private healthcare sectors by examining annual changes in the number of hospitals and
available beds, used as indicators of healthcare infrastructure capacity. A robust Seemingly
Unrelated Regression (SUR) model is employed, together with a dummy variable captur-
ing the effects of the COVID-19 pandemic. Given the observational nature of the data,
the empirical analysis is intended to identify statistical associations rather than establish
causal effects. The findings indicate that increases in public funding are positively associ-
ated with changes in the number of public hospitals, whereas no statistically significant
relationship emerges between public funding and changes in the number of accredited
private hospitals. These results suggest that public funding is more closely associated with
healthcare infrastructure development in the public sector than in the accredited private
sector. Furthermore, the COVID-19 pandemic is significantly associated with changes in
public healthcare infrastructure, reflecting the exceptional pressures placed on healthcare
systems during the emergency period. Although the estimated relationships should be
interpreted as descriptive associations rather than causal effects, the findings provide evi-
dence that public healthcare funding is systematically related to key indicators of healthcare
infrastructure development within the Italian National Health Service. Overall, the results
highlight the importance of examining not only the amount of public resources allocated
to healthcare but also the mechanisms through which those resources are distributed and
utilized. Strengthening monitoring and evaluation mechanisms may therefore contribute to
improving the effectiveness, transparency, and accountability of public resource allocation
across healthcare providers.

Keywords: health economics; Italian health service; health and economic development;
health care markets; public funding

1. Introduction

Public healthcare systems require adequate and stable funding to maintain service
provision, ensure accessibility and respond to changing population needs. In countries
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adopting a Beveridge-type healthcare model, such as Italy, public funding represents
the primary financial mechanism through which healthcare services are delivered and
healthcare infrastructure is maintained. Consequently, understanding how variations in
public funding relate to the development of healthcare systems is of considerable relevance
for both policymakers and health economists (Sunny, 2013).

The Italian National Health Service (Servizio Sanitario Nazionale, SSN), established
in 1978, guarantees universal access to healthcare and is primarily financed through gen-
eral taxation. Alongside public providers, accredited private hospitals also contribute to
service delivery within the system, creating a mixed institutional framework in which
public resources may indirectly influence both sectors. Despite the central role of public
financing, Italy has experienced a long-term reduction in the number of hospitals and
available beds, while public healthcare expenditure has generally increased over time. This
apparent divergence raises important questions regarding the relationship between public
funding and healthcare system development (Krzeczewski, 2016). The existing literature
has extensively examined hospital financial performance, liquidity management, financial
distress, and the consequences of the COVID-19 pandemic on healthcare organizations.
However, relatively limited attention has been devoted to the relationship between public
healthcare funding and structural indicators of healthcare system development within
universalistic healthcare systems. Moreover, previous studies have largely focused on
hospital-level financial outcomes rather than on the evolution of healthcare infrastructure
at the national level (Waleed et al., 2016).

This study investigates whether variations in public funding are associated with
changes in the development of the Italian healthcare system between 2000 and 2023. Fol-
lowing OECD healthcare infrastructure indicators, healthcare system development is prox-
ied by changes in the number of hospitals and available hospital beds in both the public
and accredited private sectors (Upadhyay & Smith, 2016). The analysis further examines
whether the relationship differs between public and private providers and whether the
COVID-19 pandemic altered these dynamics.

Using annual data provided by the Italian Ministry of Health, the study estimates a
system of equations through a robust Seemingly Unrelated Regression (SUR) framework
(OECD, 2022). Although the analysis does not establish causal effects, it provides evidence
on the extent to which changes in public funding are associated with changes in key indica-
tors of healthcare infrastructure development within a Beveridge-type healthcare system.

The paper contributes to the health economics literature in three ways. First, it focuses
on the Italian healthcare system, one of the largest Beveridge-type systems in Europe.
Second, it examines public and accredited private providers simultaneously, allowing a
comparison of their responses to changes in public funding. Third, it provides empirical
evidence on the relationship between healthcare expenditure and healthcare infrastructure
development during a period that includes the COVID-19 pandemic and its aftermath.

2. The Literature Review

Maintaining adequate liquidity buffers is a fundamental objective of sound financial
management. In the healthcare sector, organizations require sufficient financial resources to
ensure the continuity of service provision and to remain flexible in responding to changing
market conditions and healthcare needs. In this regard, Fijatkowska argues that “monitor-
ing the health care entity’s liquidity is the most important aspect of financial management”,
given that healthcare institutions absorb a substantial share of public resources to meet
societal health needs (Fijatkowska, 2017). Despite the importance of liquidity in healthcare
management, relatively few studies have examined the relationship between funding and
healthcare system development. Much of the existing literature focuses on the financial
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performance and sustainability of hospitals rather than on the broader development of
healthcare systems. For example, Kim analyzed the determinants of financial distress
among nonprofit hospitals between 1998 and 2001 and found that a decrease in occupancy
rates and an increase in Medicaid payer mix were associated with a higher likelihood
of financial distress among urban hospitals, while increases in both Medicare and Medi-
caid payer mix were associated with a greater likelihood of financial distress among rural
hospitals (Kim, 2010). Similarly, Maslach et al. emphasized that maintaining liquidity
in healthcare organizations is essential for ensuring the continuity of healthcare services
and safeguarding public health (Maslach et al., 2019). Choi et al. examined a sample of
98 hospitals in Korea and investigated the effects of organizational characteristics, includ-
ing ownership, hospital type, location, bed capacity, years of operation, and leverage, on
liquidity indicators such as the current ratio and quick ratio. Their findings suggest that
short-term debt-to-total-asset ratios, fixed asset ratios, and business risk significantly affect
liquidity measures (Choi et al., 2002).

At the firm level, Batrancea analyzed 34 healthcare companies listed on the New York
Stock Exchange and found that liquidity and solvency indicators, including the current
ratio, quick ratio and debt-to-equity ratio, significantly influence firm performance as
measured by return on assets, gross margin, operating margin and EBITDA (Batrancea,
2021). More recently, Beauvais et al. examined 3121 U.S. hospitals to identify the structural
and operational factors associated with hospital bankruptcy. Their results indicate that
several variables, including liquidity and leverage, significantly contribute to predicting
bankruptcy outcomes (Beauvais et al., 2023). Likewise, Neves and Carolina analyzed
256 Portuguese hospitals between 2015 and 2021 and found that changes in the sign and
significance of explanatory variables affect the composition of short, medium and long-term
indebtedness (Neves & Carolina, 2025).

The COVID-19 pandemic further highlighted the importance of liquidity management
during periods of extraordinary stress. In effect, the pandemic provided an opportunity
to assess the resilience of hospitals under severe financial pressure. Hu et al. investigated
the impact of the pandemic on the finances of public hospitals in the United States and
found that adequate liquidity buffers enhanced the confidence of managers and healthcare
professionals in delivering healthcare services during the crisis (Hu et al., 2022). Similarly,
Khullar et al. demonstrated that hospitals with limited liquid assets were less capable of
absorbing major financial shocks, even when asset liquidation was considered as a potential
response strategy (Khullar et al., 2020). Jalilian et al. examined hospital performance before
and during the COVID-19 pandemic in Iran and concluded that the outbreak negatively
affected hospitals’ financial performance due to restrictions on service provision. Their
findings suggest that additional financial resources were necessary to offset losses resulting
from reduced elective and outpatient activity (Jalilian et al., 2023).

Overall, the available literature provides important insights into the relationship
between liquidity, financial performance and organizational resilience in healthcare in-
stitutions. However, it remains limited in explaining how public funding influences the
development of healthcare systems, particularly in Beveridge-type healthcare systems that
rely primarily on public financing. Most existing studies focus on hospital-level financial
outcomes, liquidity cycles, or the determinants of financial distress, while relatively lit-
tle attention has been devoted to the systemic relationship between public funding and
healthcare infrastructure development.

This study seeks to address this gap by examining the relationship between public
funding and healthcare system development in Italy. The Italian healthcare system repre-
sents a particularly relevant case because it is predominantly organized according to the
Beveridge model, although some Bismarckian elements remain. As Beveridge systems rely
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heavily on public financing, changes in government funding may be expected to influence
the development of healthcare infrastructure more directly than in systems that depend
primarily on private contributions. According to Mapelli, the Italian healthcare system is
financed approximately 81% through taxation and 19% through private revenues, while
healthcare services are delivered through a combination of public institutions (51%) and
private providers and self-employed physicians (49%) (Mapelli, 2012).

3. Theoretical Framework of the Financing System to the Italian
Health Service

The Italian National Health Service (Servizio Sanitario Nazionale, SSN) is based on
the principle of universal and equitable access to healthcare services and is therefore
generally classified as a Beveridge-type healthcare system (Ministry of Health, 2025b). In
contrast, healthcare systems such as the German model are primarily based on social health
insurance mechanisms, following the insurance principle whereby healthcare coverage is
provided through contributions paid by employers and employees, often on a mandatory
basis (Shishkin & Sheiman, 2023). The Beveridge model guarantees access to healthcare
services regardless of income, employment status, or social class, as healthcare is considered
a fundamental right. In Italy, this principle is enshrined in Article 32 of the Constitution,
which states that “the Republic safeguards health as a fundamental right of the individual
and as a collective interest, and guarantees free medical care to the indigent”. Although
the Italian healthcare system is generally considered a Beveridge model, it retains some
features inherited from the previous Bismarckian system, which remained in place until
the 1970s (Toth, 2016).

Under the former Bismarck system, healthcare coverage was linked to employment
status and financed through insurance contributions. Benefits varied across occupational
categories in terms of both quantity and quality, and uninsured individuals were excluded
from comprehensive coverage. Nevertheless, local municipalities provided assistance to
disadvantaged citizens through social welfare mechanisms, including the “domicile of
assistance” established under Article 72 of Law No. 6972 of 17 July 1890. This legislation
also regulated public assistance and charitable institutions, replacing the religious “Con-
gregations of Charity.” A major reform occurred in 1978 with the enactment of Law No.
833, which established the SSN and fully embraced the universalistic principles embodied
in Article 32 of the Constitution. Healthcare financing was shifted from occupation-based
insurance contributions to general taxation, thereby extending healthcare coverage to the
entire population. The reform introduced the Essential Levels of Care (LEA), designed
to guarantee a minimum and homogeneous standard of healthcare services across all
Italian regions.

Despite its universalistic nature, the Italian healthcare system has faced several chal-
lenges. High levels of tax evasion have historically reduced the resources available to
support publicly funded healthcare services. Furthermore, the coexistence of public provi-
sion and private expenditure has created tensions regarding the allocation of healthcare
costs and the sustainability of the system (Leite et al., 2022). As a result, both the central
government and regional administrations have introduced several reforms aimed at im-
proving efficiency, sustainability and equity within the SSN. Nevertheless, according to
the Euro Health Consumer Index 2025, Italy ranked twentieth among thirty-five European
countries in terms of healthcare system performance (World Population Review, 2025). The
ranking highlights persistent regional disparities and operational inefficiencies within the
SSN. By contrast, countries operating under Bismarck-type systems, such as Germany, often
occupy higher positions. Germany, for example, has one of the largest hospital networks
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in Western Europe, with 8.3 hospital beds per 1000 inhabitants compared with the OECD
average of 4.8 (Moretti, 2023).

The performance of healthcare systems is influenced not only by organizational ar-
rangements but also by the underlying financing model. Healthcare systems are generally
financed through four broad mechanisms: direct market provision, voluntary private
insurance, compulsory social health insurance, and universal tax-funded systems. Each
model presents specific advantages and disadvantages in terms of accessibility, efficiency,
equity, and financial sustainability. The market model provides maximum freedom of
choice but may limit access for lower-income individuals. Voluntary insurance systems
reduce direct healthcare expenditures at the point of use but may generate inequalities
through risk-based premiums and moral hazard. Social health insurance systems, such as
the Bismarck model, are financed through employer and employee contributions but may
generate disparities across occupational groups. Conversely, universal tax-funded systems,
such as the Beveridge model, ensure universal coverage and redistribute healthcare costs
according to individuals’ ability to pay. However, they may also be affected by bureaucratic
rigidities, fiscal constraints, and tax evasion (Toth, 2009).

Given the central role of public financing in Beveridge systems, the choice of financing
model is a key determinant of healthcare system sustainability and development. Public
funding represents the primary source of financial resources for healthcare providers
and directly affects the capacity of healthcare systems to maintain infrastructure, expand
service provision, and respond to changing healthcare needs. Consequently, examining the
relationship between public funding and healthcare system development is particularly
relevant in the Italian context.

4. Evidence of the Funding System to the Development of the Italian
Health Service

The financing model plays a crucial role in determining the level of resources available
to healthcare systems and, consequently, their capacity to maintain infrastructure, provide
healthcare services, and support long-term development. As discussed in the previous
section, the Italian National Health Service (S5N) is predominantly financed through public
resources. However, despite the substantial public funding allocated to the healthcare
sector, international rankings such as the Euro Health Consumer Index suggest that the
performance of the Italian healthcare system does not always correspond to the level of
resources employed. This raises an important question regarding the relationship between
public funding and the development of the healthcare system. Accordingly, this section
investigates whether variations in public funding are associated with changes in key
indicators of healthcare system development in Italy.

The analysis begins with a descriptive examination of the evolution of public health-
care funding over time. Subsequently, inferential statistical methods are employed to
investigate the relationship between public funding and healthcare system development
through regression analysis. The empirical investigation compares the public and accred-
ited private healthcare sectors over the period 2000-2023. In addition, a COVID-19 dummy
variable is included to assess whether the pandemic was associated with significant changes
in healthcare system development during the period under investigation.

The empirical methodology is based on the Seemingly Unrelated Regression (SUR)
framework. This approach allows the joint estimation of multiple equations while ac-
counting for potential correlations among the error terms, thereby improving estimation
efficiency relative to separate ordinary least squares regressions (Yerdelen Tatoglu, 2020).
The analysis is implemented in R using the robustsur package version 4.6.1 developed by
Saraceno et al. (2021). The estimation procedure first applies robust regression techniques to
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each individual equation, then estimates the residual covariance matrix through a two-step
generalized S-estimator, and finally performs weighted least squares estimation on the
entire system to obtain the final coefficient estimates (Saraceno et al., 2021).

4.1. Data Collection, Sample, and Descriptive Statistics

The data are obtained from the Statistical Yearbook of the National Health Service
published by the Italian Ministry of Health. The analysis focuses on public and accredited
private healthcare facilities providing both inpatient hospitalizations and day-hospital
services. Annual observations are available for the period 2000-2023, resulting in a time
series of 24 observations for each variable. The descriptive analysis examines the evolution
of public healthcare funding, the number of public and accredited private hospitals, and
the number of available hospital beds in both sectors.

Following the literature and OECD healthcare infrastructure indicators, these variables
are used as proxies for healthcare system capacity and infrastructure development.

The variables are defined as follows:

Table 1 presents the variables used to examine the relationship between public funding
and healthcare infrastructure development in a Beveridge-type healthcare system such
as Italy. Specifically, the analysis considers the number of public and accredited private
hospitals, as well as the number of available beds in each sector, as indicators of healthcare
infrastructure capacity and development.

Table 1. Variables of the Analysis.

Variable Description
PF Public funding granted to the SSN by the State
Annual growth rate of the public funding, granted to the SSN by
GR_PF
the State
PuH Number of public hospitals in Italy
GR_PuH Annual growth rate of the number of public hospitals in Italy
PrH Number of accredited private hospitals in Italy
GR_PrH Annual growth rate of the number of accredited private hospitals
in Italy
PuB Number of beds available in public hospitals in Italy
Annual growth rate of the number of beds available in public
GR_PuB 1
hospitals in Italy
PrB Number of beds available in accredited private hospitals in Italy
Annual growth rate of the number of beds available in accredited
GR_PrB . 1
private hospitals in Italy
COVID_ 19 Dummy variable that assumes value of 1 per year, during the

COVID-19 pandemic, and 0 otherwise

Regarding public funding, Italy increased the annual resources allocated to the Na-
tional Health Service (SSN) by approximately 3.11% per year over the study period, rising
from €64 billion in 2000 to €129 billion in 2023. Figure 1 illustrates both the annual stock of
public funding and its annual growth rate. As shown, a particularly significant increase
occurred in 2020, when public funding rose by approximately 4.73% in response to the
extraordinary financial requirements generated by the COVID-19 pandemic. Public health-
care expenditure continued to increase between 2021 and 2023, with an average annual
growth rate of approximately 2.44%. Although this rate exceeded the average growth
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Figure 1. Public Financing to the Italy’s Healthcare Industry.

Figure 1 illustrates the evolution of public funding allocated annually to the Italian
National Health Service (SSN) over the study period. The figure also reports the annual
growth rate of public funding, highlighting periods of increased resource allocation in
response to extraordinary circumstances, most notably the COVID-19 pandemic.

With regard to healthcare infrastructure, Italy experienced a persistent decline in both
the number of hospitals and the number of available beds in the public and accredited
private sectors over the study period. This trend is evident not only in the number of
healthcare facilities but also in the evolution of hospital bed capacity.

Specifically, between 2000 and 2023, the number of public hospitals and public hospital
beds decreased by approximately 1.85% and 1.47% per year, respectively. In the accredited
private sector, the number of hospitals and beds declined by approximately 0.42% and 0.70%
per year, respectively, over the same period. These trends suggest that increases in public
funding were not accompanied by a corresponding expansion of healthcare infrastructure,
as measured by the number of hospitals and available beds. A significant contribution to
healthcare investment was provided through the European resources allocated to Mission 6
of the National Recovery and Resilience Plan (NRRP), which aimed to support economic
recovery following the COVID-19 pandemic while strengthening national healthcare sys-
tems through investments in digitalization, telemedicine, and healthcare infrastructure
(OECD, 2021).

The COVID-19 pandemic also generated an immediate need to expand healthcare
capacity, particularly in terms of hospital facilities and bed availability. Consequently,
temporary increases in healthcare infrastructure were observed during the emergency
period, with some effects extending into subsequent years.

Figure 2 illustrates the evolution of the main healthcare infrastructure indicators
considered in the analysis. Panel (a) reports the number of public hospitals in Italy and
its annual growth rate. Panel (b) presents the number of accredited private hospitals and
the corresponding annual growth rate. Panel (c) shows the number of available beds in
public hospitals and its annual growth rate, while Panel (d) reports the number of available
beds in accredited private hospitals and the corresponding annual growth rate. Overall,
the figures indicate a long-term decline in both the number of hospitals and the number
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Figure 2. Number of Hospitals and Available Beds in Italy.

Between 2000 and 2023, the Italian National Health Service (SSN) received average
annual public funding of approximately €102.47 billion. Over the same period, public

healthcare funding increased at an average annual rate of around 3.11%, while the number

of available beds in the public sector declined by approximately 1.47% per year. Similar

patterns emerge in the accredited private sector, although the reduction in bed capacity

was less pronounced, averaging approximately 0.70% per year.

Table 2 reports the main descriptive statistics for the variables included in the analysis.

Table 2 summarizes the main descriptive statistics of the sample. The dataset consists
of 24 annual observations covering the period from 2000 to 2023. Public funding (PF) is
measured in billions of euros, whereas all growth rate (GR) variables are expressed as

annual percentage changes.

Table 3 presents the correlation matrix for the annual growth rates of public healthcare

funding, the number of public and accredited private hospitals, and the number of available

beds in both sectors. The results indicate a positive and statistically significant correlation

between the growth rate of the number of accredited private hospitals and the growth rate
of private hospital beds (46.51%, significant at the 5% level). An even stronger relationship
emerges between the growth rates of public and private hospital beds, with a correlation
coefficient of 78.67%, significant at the 1% level. These findings suggest that changes in bed
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capacity are closely associated with changes in the number of hospitals in the accredited
private sector.

Table 2. Descriptive Statistics of the Sample.

Mean Median Minimum Maximum Std. Dev. Skewness Ex. Kurtosis
PE * 102.47 106.95 64.29 128.87 17.19 —0.66 —0.36
GR_PF 3.11% 2.28% —0.89% 13.11% 3.33% 162.06% 230.94%
PuH 607.75 586.50 511.00 779.00 90.90 0.56 —0.94
GR_PuH —1.85% —1.31% —10.09% 0.60% 2.32% —212.33% 496.14%
PrH 515.83 519.00 477.00 560.00 26.48 —0.08 —1.44
GR_PrH —0.42% —0.49% —321% 2.31% 1.46% 12.74% —47.30%
PuB 1.97 x 10° 1.94 x 10° 1.67 x 10° 245 x 10° 2.36 x 10* 435 x 1071 —9.94 x 101
GR_PuB —1.47% —1.68% —11.72% 23.77% 6.25% 272.12% 958.77%
PrB 47 806.00 47 672.00 43,273.00 52,548.00 3248.00 0.06 —155
GR_PrB —0.70% ~1.01% —6.84% 17.15% 4.33% 290.46% 1036.90%

* in billions of euros.

Table 3. Correlation Matrix.

GR_PF GR PuH GR_PrH GR_PuB GR_PrB COVID_19

1 0.2659 0.1509 0.0854 0.1500 0.0162 GR_PF
1 —0.0964 0.2892 0.1135 0.2657 GR_PuH
1 0.2498 0.4651 * 0.2612 GR_PrH
1 0.7867 ** 0.3006 GR_PuB
1 0.2620 GR_PrB
1 COVID_19

By contrast, the relationship appears weaker in the public sector, where the correlation
between the growth rates of public hospitals and public hospital beds is positive but not
statistically significant (28.92%).

Furthermore, the strong positive correlation between the growth rates of public and
private hospital beds suggests that capacity adjustments in the two sectors tend to evolve
in a similar manner over time, potentially reflecting common trends in healthcare planning,
demographic dynamics, or healthcare demand.

Table 3 presents the correlation matrix for the annual growth rates of public funding,
the number of public and accredited private hospitals, and the number of available beds
in the public and accredited private healthcare sectors. The correlation coefficients are
calculated using 24 annual observations covering the period 2000-2023. The two-tailed
critical values for statistical significance are 0.4044 at the 5% level (**) and 0.5151 at the 1%
level (¥).

Table 3 highlights significant correlations between several indicators of healthcare
infrastructure in the public and accredited private sectors. However, no statistically signifi-
cant correlations emerge between public funding growth and the healthcare infrastructure
variables considered in the analysis. While these preliminary findings suggest that simple
bivariate relationships between public funding and healthcare infrastructure development
may be weak, correlation analysis alone does not permit causal inference. The absence of
significant correlations is somewhat surprising given the existing literature, which generally
emphasizes the importance of financial resources in supporting healthcare systems. Public
funding represents the primary source of financing for the Italian healthcare system, while
contributions from patients and private insurance remain comparatively limited (Mapelli,
2012). Previous studies have also highlighted the importance of adequate financial re-
sources and liquidity in supporting healthcare organizations and ensuring their operational
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sustainability (Fijatkowska, 2017; Khullar et al., 2020). At the same time, these studies stress
the importance of allocating and monitoring financial resources effectively.

Although the literature extensively examines the relationship between financial re-
sources, liquidity and organizational performance, relatively little attention has been de-
voted to the relationship between public funding and the development of healthcare
infrastructure at the system level. From a theoretical perspective, the allocation of financial
resources should play a critical role in determining the capacity of healthcare systems to
maintain and develop healthcare infrastructure. In Italy, public resources are transferred
from the central government to regional authorities, which subsequently allocate funding to
public and accredited private healthcare providers according to regulatory criteria, includ-
ing healthcare activity and Diagnosis-Related Groups (DRGs). This multilevel financing
structure aims to ensure the provision of the Essential Levels of Care (LEA) while allowing
regions to finance additional healthcare services according to their available resources.

Nevertheless, the extent to which public funding contributes to the development
of healthcare infrastructure in the public and accredited private sectors remains unclear.
This issue is particularly relevant given the complexity of the Italian healthcare financing
system and the coexistence of public and accredited private providers within the same
institutional framework.

4.2. Robust Seemingly Unrelated Regression (SUR) Analysis

Understanding the relationship between public funding and healthcare infrastructure
development is particularly important in the Italian context, where public resources repre-
sent the primary source of healthcare financing. The complexity of the multilevel funding
system makes it difficult to determine whether changes in public funding are associated
with changes in healthcare infrastructure in the public sector, the accredited private sector,
or both.

To investigate this relationship, a robust Seemingly Unrelated Regression (SUR) model
is estimated using the robustsur package developed by Saraceno et al. (2021). The SUR
framework allows the joint estimation of multiple regression equations while accounting
for potential correlations among the error terms, thereby improving estimation efficiency
relative to separate equation estimation (Saraceno et al., 2021). Following Zellner (1962),
the model is specified as follows:

GR_PuH; = a + B1GR_PF; + BoGR_PrBs + BsGR_PuB; + B4Covid_19; + & (1)

GR_PrH; = a + B1GR_PF; 4+ ByGR_PrB; + B3GR _PuB; + B4Covid_19; +¢;  (2)

GR_PuH; and GR_PrH; are the dependent variables, while GR_PF;, GR_PrB;,
GR_PuB; and Covid_19; are the independent variables. j; are the regressors’ coefficients,
while ¢; are the residuals. In accordance with the SUR methodology, the properties of
the residuals are E(ejiejr) = Xij for i # j, while X is the variance-covariance matrix of
the residuals.

Equations (1) and (2) are designed to estimate the relationship between the explanatory
variables and the growth rate of the number of hospitals in the public and accredited private
sectors, respectively. Particular attention is devoted to the significance and magnitude of
the coefficient associated with the growth rate of public funding, holding all other variables
constant. In addition, the inclusion of the COVID-19 dummy variable allows the analysis
to assess whether the pandemic was significantly associated with changes in healthcare
infrastructure development during the period under investigation.

Table 4 reports both the variance-covariance matrix and the correlation matrix of the
residuals. Within the SUR framework, the presence of cross-equation correlations among
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residuals provides empirical support for estimating the equations jointly rather than sepa-
rately. To mitigate the potential influence of outliers and violations of standard regression
assumptions, the model is estimated using the robust SUR procedure implemented in the
robustsur package for R (Saraceno et al., 2021)

Table 4. Variance—covariance and Correlation Matrixes for Residuals.

(a) The Variance—Covariance Matrix (b) The Correlation Matrix
Equation (1) Equation (2) Equation (1) Equation (2)
401 x 107> 832 x 107® Equation (1) 1 —0.1370  Equation (1)
1.79 x 10~*  Equation (2) 1 Equation (2)

Table 4 reports the variance—covariance matrix (Panel a) and the correlation matrix
(Panel b) of the residuals. The residual correlation matrix provides information on the
degree of contemporaneous association between the error terms of the two equations and
supports the assessment of whether joint estimation through the Seemingly Unrelated
Regression (SUR) framework is appropriate. Although residual correlation is modest, SUR
was retained because it allows joint estimation and may provide efficiency gains when
error terms are contemporaneously related.

The main estimation results for Equation (1), which examines the growth rate of the
number of public hospitals, are reported in Table 5. Specifically, Panel (a) presents the
results obtained using an Ordinary Least Squares (OLS) regression estimated with the
estimatr package in R, which provides heteroskedasticity-robust standard errors and is
particularly suitable when standard regression assumptions may be violated. Panel (b)
reports the results obtained using the robust Seemingly Unrelated Regression (SUR) model
described in the previous section.

The comparison between the OLS and robust SUR estimations allows an assessment
of the robustness of the results and the extent to which accounting for cross-equation
correlations affects the estimated coefficients and their statistical significance. Although
residual correlation is modest, SUR was retained because it allows joint estimation and
provides efficiency gains when error terms may be contemporaneously related.

Table 5 reports the estimated coefficients for the growth rate of public hospitals on
an annual basis. Panel (a) presents the results obtained from Equation (1) using a robust
Ordinary Least Squares (OLS) estimator, whereas Panel (b) reports the results obtained
from Equation (1) using a robust Seemingly Unrelated Regression (SUR) model. Both
specifications indicate a positive association between the growth rate of public funding and
changes in the number of public hospitals. Furthermore, the SUR specification provides
a better fit to the data and may improve estimation efficiency by accounting for potential
correlations between the error terms of the equations.

The estimation results for Equation (1), reported in Table 5, indicate that the signs
of the estimated coefficients are generally consistent with theoretical expectations. The
growth rate of public hospital beds GR_PuB is positively associated with the growth rate of
public hospitals, suggesting that increases in healthcare capacity tend to be accompanied by
increases in the number of public healthcare facilities. Conversely, the coefficient associated
with the growth rate of private hospital beds GR_PrB is negative, indicating an inverse
relationship between changes in private-sector capacity and the growth rate of public
hospitals. With regard to statistical significance, GR_PuB appears significant at the 1%
level, while the COVID-19 dummy variable is significant at the 10% level. The coefficient
associated with public funding GR_PF is positive, suggesting that increases in public
funding are associated with increases in the growth rate of public hospitals, ceteris paribus.

https://doi.org/10.3390/economies14070275


https://doi.org/10.3390/economies14070275

Economies 2026, 14, 275

12 of 17

However, the magnitude of this coefficient should be interpreted with caution given the
limited sample size and the aggregate nature of the data.

Table 5. Regression Equation (1).

(a) Robust OLS

Coefficients  Est. Std. Error t Value Pr(>1tl) CI Lower CI Upper
(Intercept) —0.0250 0.0068 —3.6940 0.0015 —0.0392 —0.0108
GR_PF 0.1922 0.0667 2.8800 0.0096 0.0525 0.3319
GR_PrB —0.1998 0.1973 —1.0130 0.3240 —0.6128 0.2132
GR_PuB 0.1840 0.1509 1.2200 0.2375 —0.1318 0.4998
COVID_19 0.0144 0.0075 1.9180 0.0703 —0.0013 0.0301

Multiple R-squared: 0.2303,

Adjusted R-squared: 0.0682

F-statistic: 2.6240, p-value: 0.0671

(b) Robust SUR
Coefficients Est. Std. Error t Value Pr>1tl)
(Intercept) —0.0106 0.0026 —4.0029 0.0008 i
GR_PF 0.1320 0.0409 3.2294 0.0044 d
GR_PrB —0.1668 0.0866 —1.9270 0.0691 .
GR_PuB 0.4632 0.0591 7.8386 0.0000 id
COVID_19 0.0252 0.0064 3.9436 0.0009 i

Signif. Codes: 0 “***” 0.001 “**” 0.05 *./
Robust residual standard error: 0.0112

Multiple R-squared: 0.6779,

Adjusted R-squared: 0.6101

The results obtained from the robust OLS model reported in Panel (a) indicate a
relatively limited overall model significance. By contrast, the robust SUR model presented
in Panel (b) produces stronger statistical results, with GR_PuB, GR_PrB, and the COVID-
19 dummy emerging as significant predictors of the growth rate of public hospitals. In
particular, the negative coefficient associated with GR_PrB suggests that increases in private-
sector bed capacity are associated with lower growth rates of public hospitals, holding
other factors constant. Furthermore, the coefficient of determination is higher in the robust
SUR specification than in the robust OLS model, indicating an improved fit to the observed
data. This finding suggests that accounting for the correlation of residuals across equations
provides additional explanatory power and supports the use of the SUR framework in this
context. Nevertheless, given the relatively small sample size and the observational nature
of the data, the results should be interpreted as evidence of statistical associations rather
than causal effects.

The estimation results for Equation (2), which examines the growth rate of accredited
private hospitals, are reported in Table 6.

Table 6 reports the estimated coefficients for the growth rate of accredited private
hospitals on an annual basis. Panel (a) presents the results obtained from Equation (2) using
a robust Ordinary Least Squares (OLS) estimator, whereas Panel (b) reports the results
obtained from Equation (2) using a robust Seemingly Unrelated Regression (SUR) model.
Opverall, neither specification appears to provide strong explanatory power for variations in
the growth rate of accredited private hospitals. In Panel (a), the COVID-19 dummy variable
is statistically significant, suggesting that the pandemic was associated with changes in
the growth rate of accredited private hospitals during the study period. In Panel (b), only
the growth rate of private hospital beds is statistically significant, and only at the 10%
significance level, indicating a positive association between changes in bed capacity and
changes in the number of accredited private hospitals.
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Table 6. Regression Equation (2).
(a) Robust OLS
Coefficients  Est. Std. Error t Value Pr(>1tl) CI Lower CI Upper
(Intercept) —0.0058 0.0037 —1.5952 0.1272 —0.0135 0.0018
GR_PF 0.0332 0.0962 0.3452 0.7338 —0.1682 0.2346
GR_PuB —0.0802 0.0710 —1.1293 0.2728 —0.2288 0.0684
GR_PrB 0.2272 0.1048 2.1671 0.0431 0.0078 0.4467
COVID_19 0.0080 0.0037 2.1721 0.0427 0.0003 0.0158

Multiple R-squared: 0.2884,

Adjusted R-squared: 0.1385

F-statistic: 7.672, p-value: 0.0007

(b) Robust SUR
Coefficients  Est. Std. Error t Value Pr(>1tl)
(Intercept) —0.0059 0.0042 —1.3878 0.1813
GR_PF 0.0351 0.0879 0.3989 0.6944
GR_PuB —0.0759 0.0753 —1.0083 0.3260
GR_PrB 0.2205 0.1087 2.0291 0.0567
COVID_19 0.0080 0.0087 0.9180 0.3701

Signif. Codes: 0.05°." 0.1 "’

Robust residual standard error: 0.0139

Multiple R-squared: 0.2705,

Adjusted R-squared: 0.1169

While the results reported in Table 5 are broadly consistent with theoretical expecta-
tions and the existing literature, the findings presented in Table 6 reveal some noteworthy
differences. In the OLS specification reported in Panel (a), only the growth rate of private
hospital beds GR_PrB; and the COVID-19 dummy variable appear statistically significant
at the 5% level. This result is plausible, as changes in private-sector bed capacity and
the extraordinary circumstances associated with the pandemic may have influenced the
evolution of accredited private hospitals.

By contrast, the coefficient associated with the growth rate of public funding GR_PF is
not statistically significant. Unlike the results obtained for the public sector, this finding
suggests that changes in public funding are not significantly associated with changes in the
number of accredited private hospitals during the period under investigation.

The results obtained from the robust SUR model, reported in Panel (b), provide further
evidence of the limited explanatory power of the model in the private sector. In this
specification, only the growth rate of private hospital beds remains statistically significant,
and only at the 10% significance level. Overall, neither the OLS nor the SUR specification
appears particularly strong in explaining variations in the growth rate of accredited private
hospitals, as indicated by the relatively low values of the F-statistic and the coefficient
of determination.

These findings should be interpreted with caution given the limited sample size of
24 annual observations. Previous research suggests that larger samples may improve the
reliability and statistical power of regression estimates (Okay Toprak, 2025). Neverthe-
less, despite these limitations, the results provide preliminary evidence that variations in
healthcare infrastructure capacity, as measured by private hospital beds, are more closely
associated with changes in the number of accredited private hospitals than variations in
public funding.

4.3. Methodological Limitations and Interpretation of the Empirical Evidence

Several methodological considerations should be acknowledged when interpreting
the empirical findings of this study.
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First, the analysis is based on annual observations for Italy covering the period
2000-2023. Although this dataset represents the complete time series currently avail-
able from the Italian Ministry of Health for the variables considered, the relatively limited
number of observations inevitably constrains statistical power and the complexity of the
econometric specifications that can be reliably estimated. Consequently, the empirical
analysis should be regarded as exploratory evidence based on national time-series data
rather than as definitive causal inference. Second, the estimated relationships may be
affected by endogeneity. Public healthcare funding, the number of hospitals, and hospital
bed capacity are likely to evolve simultaneously within the institutional framework of the
Italian National Health Service. For example, increases in public funding may support the
expansion or preservation of healthcare infrastructure, while changes in healthcare capacity
or emerging healthcare needs may themselves influence subsequent governmental funding
decisions. Furthermore, both variables may be jointly affected by broader demographic, po-
litical, macroeconomic, or institutional factors that are not explicitly modelled in the present
analysis. Third, the robust Seemingly Unrelated Regression (SUR) framework adopted in
this study was selected because it allows the joint estimation of multiple related equations
while accounting for potential contemporaneous correlations among the disturbance terms.
This approach improves the efficiency of coefficient estimation when the equations are
interconnected. However, it does not eliminate potential simultaneity, omitted-variable
bias, or reverse causality. Accordingly, the SUR methodology should not be interpreted as
providing causal identification but rather as offering a statistically efficient framework for
examining associations among the variables of interest.

For these reasons, the estimated coefficients are interpreted throughout this study as
conditional associations rather than causal effects. The findings therefore provide empirical
evidence that variations in public healthcare funding are systematically associated with
changes in indicators of healthcare infrastructure development within the Italian National
Health Service, while acknowledging that the underlying causal mechanisms cannot be
conclusively established using the available observational data.

Despite these limitations, the analysis remains informative for both researchers and
policymakers. The Italian National Health Service constitutes one of the largest Beveridge-
type healthcare systems in Europe, and understanding the empirical association between
public funding and healthcare infrastructure contributes to the broader literature on health-
care financing and public sector development. Rather than establishing causality, the
present study identifies statistically significant patterns that may guide future research
employing richer datasets and more advanced identification strategies. Future research
could extend the present analysis by exploiting regional panel data, quasi-experimental re-
search designs, instrumental-variable approaches, or other causal inference methodologies
capable of addressing endogeneity more directly. Such approaches would allow a more
rigorous assessment of the causal impact of public healthcare funding on the long-term
development of healthcare systems.

5. Conclusions

This study investigates the relationship between public healthcare funding and health-
care infrastructure development in Italy between 2000 and 2023. Healthcare system devel-
opment is proxied by changes in the number of hospitals and available beds in both the
public and accredited private sectors. The analysis also considers the potential effects of the
COVID-19 pandemic through the inclusion of a dummy variable and compares the results
obtained from robust OLS and robust Seemingly Unrelated Regression (SUR) models.

The empirical findings suggest that public funding is positively associated with the
growth rate of public hospitals, whereas no statistically significant relationship emerges
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between public funding and the growth rate of accredited private hospitals. These results
indicate that changes in public funding appear to be more closely associated with develop-
ments in the public healthcare sector than in the accredited private sector. Furthermore,
the COVID-19 dummy variable is positively associated with the growth rate of public
hospitals, suggesting that the pandemic was accompanied by an expansion of healthcare
infrastructure within the public system. The absence of a significant relationship between
public funding and the growth rate of accredited private hospitals may reflect the complex-
ity of the Italian healthcare financing framework, in which public resources are allocated
through regional authorities and coexist with other sources of financing, including private
payments and insurance reimbursements. Consequently, the development of accredited
private healthcare providers may depend on a broader set of institutional, regulatory, and
market factors that are not directly captured by the present analysis.

More generally, the findings highlight that increases in public healthcare expenditure
do not necessarily translate into proportional changes in healthcare infrastructure across
all segments of the healthcare system. This observation underscores the importance of
understanding not only the amount of public resources allocated to healthcare, but also the
mechanisms through which such resources are distributed and utilized.

The study contributes to the literature by providing empirical evidence on the re-
lationship between public funding and healthcare infrastructure development within a
Beveridge-type healthcare system. However, several limitations should be acknowledged.
First, the analysis is based on a relatively small sample of annual observations. Second,
healthcare system development is measured through infrastructure indicators, namely
hospitals and beds, which do not fully capture healthcare quality, efficiency, or health
outcomes. Third, the adopted empirical framework identifies statistical associations rather
than causal effects.

Finally, the findings should be interpreted in light of several methodological limita-
tions. The analysis is based on annual observations of a single country over the period
2000-2023 and therefore does not permit causal inference. Although the robust SUR
framework improves estimation efficiency by accounting for contemporaneous correla-
tions across equations, it does not resolve potential endogeneity, reverse causality, or
omitted-variable bias. Consequently, the reported relationships should be interpreted as
descriptive associations rather than causal effects. Future research employing regional
panel data, quasi-experimental designs, or instrumental-variable approaches could provide
more robust evidence on the causal relationship between public healthcare funding and
healthcare infrastructure development.

Future research could also extend the analysis by incorporating additional indicators
of healthcare system performance, such as healthcare outcomes, waiting times, accessi-
bility measures, or quality indicators. Comparative studies examining Beveridge and
Bismarck healthcare systems may also provide further insights into how different financing
arrangements influence healthcare infrastructure development and system performance.
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