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Health system characteristics and COVID-19 D
performance in high-income countries
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Abstract

Background The COVID-19 pandemic has shaken everyday life causing morbidity and mortality across the globe.
While each country has been hit by the pandemic, individual countries have had different infection and health
trajectories. Of all welfare state institutions, healthcare has faced the most immense pressure due to the pandemic
and hence, we take a comparative perspective to study COVID-19 related health system performance. We study the
way in which health system characteristics were associated with COVID-19 excess mortality and case fatality rates
before Omicron variant.

Methods This study analyses the health system performance during the pandemic in 43 OECD countries and
selected non-member economies through three healthcare systems dimensions: (1) healthcare finance, (2) healthcare
provision, (3) healthcare performance and health outcomes. Health system characteristics-related data is collected
from the Global Health Observatory data repository, the COVID-19 related health outcome indicators from the Our
World in Data statistics database, and the country characteristics from the World Bank Open Data and the OECD
statistics databases.

Results We find that the COVID-19 excess mortality and case fatality rates were systematically associated with
healthcare system financing and organizational structures, as well as performance regarding other health outcomes
besides COVID-19 health outcomes.

Conclusion Investments in public health systems in terms of overall financing, health workforce and facilities are
instrumental in reducing COVID-19 related mortality. Countries aiming at improving their pandemic preparedness
may develop health systems by strengthening their public health systems.

Keywords Healthcare performance, COVID-19 pandemic, Health system structures, Healthcare financing, Healthcare
provision and organization, Health outcomes
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Background
In March 2020, World Health Organization (WHO)
declared the coronavirus disease (COVID-19) as a global
pandemic. Before that, the first cases were identified in
the city of Wuhan in China, and quickly, this novel severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2)
evolved internationally into a public health emergency
[1]. By the end of May 2022, the pandemic had resulted in
523 million confirmed cases and over six million deaths
worldwide [2]. The caseloads, case fatality and excess
mortality have varied largely across different countries
and continents; most of the cases have been reported in
high-income countries, such as the OECD countries, in
Europe and Americas [2—4], even though these countries
have sufficient resources and capacity to invest in their
health systems compared to middle- and low-income
countries.

Numerous previous studies show that the risk fac-
tors for COVID-19 outcomes relate to socioeconomic,
environmental, individual demographic and health fac-
tors (e.g. [ 3,5, 6, 7, 8]). However, the institutional char-
acteristics of health systems have received less attention
in connection with the COVID-19 outcomes, and pre-
vious findings on the relationship between COVID-19
outcomes and healthcare financing and provision are
inconclusive [9-12]. As different variants of coronavi-
rus spread, confirmed number of COVID-19 cases peri-
odically reaches a peak. The relationship between excess
deaths and healthcare resources is intuitively related
to whether there are enough healthcare resources in
a country when the number of diagnoses is very high.
The importance of this study emerges from investigat-
ing healthcare system structures as a way of understand-
ing differences in COVID-19 outcomes in high-income
countries. Thus, the findings may guide policymakers in
preparing their national health systems for future pan-
demics and other health emergencies.

Using publicly available data, this study aims at inves-
tigating how the institutional structures of health sys-
tems are connected to public health outcomes in terms of
COVID-19 excess mortality and case fatality rate in the
OECD countries and its non-member economies as it is
plausible to compare their ability to provide for care from
the resource perspective. We apply healthcare financing
characteristics and healthcare system types defined by
Moolla et al. [13] to explain the variation in COVID-19
excess mortality and case fatality rates across 43 coun-
tries. Thus, this study takes part in the debate on differ-
ent healthcare systems and their institutional structures.
We understand the COVID-19 pandemic as an external
shock of health systems and by studying how the insti-
tutional structures of health systems link to COVID-19
health outcomes, we can compare how well different
health systems have been able to respond to this public
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health challenge. In this study, we examine the role of
healthcare system characteristics in explaining COVID-
19 outcomes and thus, we do not aim to provide an over-
all explanation for varied COVID-19 impacts in different
countries.

Healthcare is one determinant of population health
and one of the intrinsic goals for healthcare systems is
to promote and maintain population health [14]. How-
ever, based on the earlier literature, the impact of differ-
ent health system characteristics to population health
outcomes remains unclear. Previous studies have found
evidence for the impact of health financing on health
outcomes. Higher total healthcare expenditure has
been connected to lower mortality and years of life lost,
suggesting that increased health spending produces
improved health outcomes [15]. Furthermore, findings
that higher health expenditure reduces infant mortal-
ity supports the evidence that total health expenditure is
an important factor in determining health outcomes [16,
17]. Also, in Italy, overall mortality rate increased when
the Italian public health system experienced healthcare
funding constraints [18].

There are fewer studies examining the connection
between health outcomes and the mode of health expen-
diture. Asiskovitch [19] showed that increased life expec-
tancy at the age of 65 associated with the public mode
of healthcare financing. Evidence also suggests that
underfunded public health infrastructure created barri-
ers to manage the spread of COVID-19 in the US when
the unequal supply of resources left some parts of the
US ill-equipped to tackle the epidemic [9], even though
the US total healthcare expenditure is the highest in the
world [20]. However, higher public health expenditure
has been associated with poorer health outcomes [17],
and COVID-19 outcomes [10]. More studies on the rela-
tionship between the mode of healthcare financing and
health outcomes would be needed.

When looking at healthcare provision, earlier stud-
ies have found strong associations between population
health outcomes and healthcare workforce. Studies have
found that greater number of physicians reduces infant
mortality [17], and that the higher density levels of doc-
tors, nurses, midwives, and pharmacists improve life
expectancy and reduce infant and under-five mortal-
ity rates [21]. Several other studies have also found that
higher density of healthcare workforce reduces maternal,
infant, and under-five mortality rates [22—-24]. Further-
more, greater numbers of nurses, midwives and hospital
beds have been associated with lower number of COVID-
19 cases and mortality [10], and greater number of physi-
cians have been related to lower COVID-19 case fatality
rates [10, 11]. However, unexpected findings suggest that
better access to essential healthcare services and greater



Moolla et al. BMC Health Services Research (2023) 23:244

number of physicians are related to negative COVID-19
outcomes [10].

COVID-19 outcomes are found to be related to coun-
try clusters with similar economic strength or health
status which suggests that country clusters could poten-
tially indicate regions exhibiting similar vulnerabilities
to diseases like COVID-19 [10]. One study investigating
the relationship between healthcare system types and
COVID-19 outcomes found that health system type
(social or national health insurance system) is insufficient
to explain differences in COVID-19 infection, case fatal-
ity and mortality rates [12].

Overall, healthcare system types have not been widely
used to the explain differences in health outcomes,
but there are a few studies examining the relationship
between health outcomes and welfare state regimes —
Liberal, Conservative, and Social Democratic — defined
by Esping-Andersen [25]. Studies show that health dif-
ferences by regime are sometimes inconsistent with
the welfare regime theory [26]. However, Navarro et al.
[27] found that population health was improved by the
implementation of policies aimed at reducing social
inequalities, which, they said, would explain why health
indicators, such as infant mortality, are better in coun-
tries governed by pro-distributive political parties. Also,
Bambra [28] showed that health status varies across wel-
fare states and infant mortality rates differ significantly
between the welfare state regimes connecting higher
labour market decommodification with lower infant
mortality rates. In addition, social democratic regimes
tend to produce best absolute health outcomes and con-
sistently reduce relative health inequalities [29].

Based on the findings of earlier research, we hypothe-
size that (1) higher total healthcare expenditure is associ-
ated with reduced COVID-19 excess mortality and case
fatality rates; (2) healthcare system financing types with
higher total and public health expenditure have better
COVID-19 outcomes; (3) healthcare system provision
types with better access to care and higher level of pro-
visional resources are connected with better COVID-19
outcomes; and (4) healthcare system combined types
(healthcare financing, provision and outcome dimen-
sions) with high level of resources are associated with
reduced COVID-19 excess mortality and case fatality
rates. To examine these expectations, next, we move onto
describing the research data and methods.

Methods

Data

In this study, we analyse the health system performance
during the COVID-19 pandemic in 43 high-income
countries (high-income and upper-middle-income
economies by World Bank lending categories) through
their healthcare financing, provision and public health
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Table 1 Descriptive statistics of the dependent, explanatory and
control variables

(valid Mean SD Min Max

obs.)
Dependent variables
Excess mortality rate (%, until Sep 40 0 1 14 32
2021), standardized
Case fatality rate (%, in Sep 2021), 43 0 1 -1.2 45
standardized
Health system financing measures
Current health expenditure per 43 0 1 -1.5 3.1
capita (CHE), /100, standardized
Domestic general government 43 0 1 29 13

health expenditure as % of CHE,

standardized

Out-of-pocket expenditure % of 43 0 1 -14 22
CHE, standardized

Healthcare system types

Financing types 41

Type 2 19 46.3%

Type 3 11 26.8%

Type 4 1 26.8%

Provision types 41

Type 1 5 12.2%

Type 2 7 17.1%

Type 4 17 41.5%

Type 5 12 29.3%

Combined types 41

Type 1 20 48.8%

Type 3 1 26.8%

Type 4 10 24.4%

Control variables

Population: 80 years old and over % 43 0 1 -19 27
of total population, standardized

DALYs (Disability-Adjusted Life 43 0 1 -1 48

Years) - All causes, both sexes, age-

standardized, DALYs per 100 000,

standardized

GDP per capita, PPP (current inter- 43 0 1 -15 36
national $), standardized

Sources: [2, 30, 32-36], notes: healthcare system financing type 1, provision
type 3 and combined type 2 omitted from the analyses due to small number of
countries in those types (only 1 or 2 countries per type)

characteristics. The countries were chosen because they
represent distinctive healthcare systems from various
geographical areas and are OECD’s member states or
their selected non-member economies (Brazil, China,
Costa Rica, Indonesia, Russia and South Africa) which
are OECD’s key collaboration partners and some of the
world’s largest economies. Of the non-member econo-
mies, India was excluded because of data availability
issues. Moreover, due to the data availability and com-
parability, we restricted our analyses to countries whose
healthcare characteristics-related data is collected and
made available by the WHO and OECD. Table 1 shows
descriptive statistics of the variables used in the analyses.
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The COVID-19 related health outcome indicators,
COVID-19 excess mortality and case fatality rate, and
the indicator of the burden of disease are collected from
the Our World in Data statistics database [2, 30]. The
database collects data on global problems and includes
statistics on the coronavirus pandemic, such as COVID-
19 outcomes and vaccinations. The data for the excess
mortality is sourced from the Human Mortality Database
(HMD) [31] and the World Mortality Dataset (WMD)
[32], and for the case fatality from the COVID-19 Data
Repository [33]. The HMD and the WMB data are
sourced from Eurostat and national statistical agencies
(see full list of sources: [31, 32]).

The country characteristics-related data are from the
World Bank Open Data database (gross domestic prod-
uct, GDP) that contains free and open access information
on global development [34] and from the OECD statistics
database (population share of 80-year-olds and over) that
collects statistics on its member and selected non-mem-
ber states [35]. Measures of healthcare financing are col-
lected from the Global Health Observatory’s (GHO) data
repository which includes health-related statistics on the
WHO’s member states [36]. We aimed to maximize data
comparability and collected GHO data from the year
2018 because most observations were available for that
year. The data collection for the healthcare system types
is explained in detail by Moolla et al. [13] and descrip-
tions of the different types are found in explanatory vari-
ables section.

Statistical analysis

We applied regression analysis to summarise the influ-
ence of explanatory variables upon the COVID-19 out-
comes (see [37]). We use both linear bivariate and linear
multiple regression methods which are reliable in identi-
fying which explanatory variables have an impact on the
COVID-19 excess mortality and case fatality rates and
how strong the connections are between the COVID-
19 outcomes and the health system characteristics and
healthcare system types.

In preparatory analysis we applied one-way analysis of
variance (ANOVA) to evaluate whether there is evidence
that the group means of countries of different healthcare
system types differ in relation to COVID-19 outcomes.
We used the Tukey multiple comparison test to inves-
tigate which of the means were different when ANOVA
test showed evidence for differing group means [38]. In
preliminary checks, separate ANOVA tests and regres-
sion analyses were applied to excess mortality and case
fatality rates that had four different cut off points from
the beginning of the COVID-19 pandemic (April 2020,
September 2020, March 2021 and September 2021) as
we wanted to explore the impact of the pandemic’s dif-
ferent phases on the results. The final models and the
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Fig. 1 COVID-19 Excess mortality rate by country from Jan 2020 until Sep
2021

presented results use the cumulative COVID-19 excess
mortality rate from January 2020 until September 2021
and the COVID-19 case fatality rate at a fixed time point
of September 2021 as dependent variables. We consid-
ered several regression model specifications with differ-
ent explanatory variables for both dependent variables.
The models we considered to be the most helpful for
illustrating associations with COVID-19 outcomes, from
which we present results, include models with health sys-
tem financing characteristics together with healthcare
system financing, provision and combined types, defined
by Moolla et al. [13]. We decided to exclude the health-
care system outcome types from further analysis as the
outcome type 2 included nearly all countries and the
COVID-19 outcomes varied largely within that type (see
(13)).

Dependent variables

To analyse the impact of health system structures on
COVID-19 outcomes, we use COVID-19 excess mor-
tality rate as the main dependent variable and COVID-
19 case fatality rate as the second dependent variable
for sensitivity checks. Figure 1 shows the COVID-19
excess mortality rate by country from the beginning of
2020 to September 2021 and excludes China, Indone-
sia and Turkey as the Our World in Data database does
not include the excess mortality rate for these countries.
Figure 2 presents the COVID-19 case fatality rate by
country in September 2021. We look at the COVID-19
outcomes until September 2021 as we wanted our results
to be unimpacted by the Omicron variant of COVID-19
detected in November 2021 [39].

The measure of excess mortality provides an estimate
of the additional number of deaths during COVID-19
pandemic compared to the deaths if the pandemic had
not occurred [2]. The excess mortality rates we use are
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Fig. 2 COVID-19 Case fatality rate by country in September 2021

reported as P-scores which is a more comparable mea-
sure of excess mortality as it measures excess mortality
as the percentage of the difference between the reported
and projected number of deaths divided by the projected
number of deaths (see [2]). The baseline for the projected
number of deaths is calculated based on the historical
deaths data from 2015 to 2019. The P-scores are calcu-
lated from the reported deaths data provided for 2020-
2022 by HMD ([31] and WMD, and from the projected
deaths for 2020-2022 provided by WMD [32].

Beaney et al. [40] note excess deaths can be viewed as
those caused both directly and indirectly by COVID-19
under the assumption that the incidence of other diseases
remains steady over time. This measure is recommended
by several international organizations, including the
WHO [41] and the European Centre for Disease Preven-
tion and Control [42] as a reliable metric for comparing
countries’ COVID-19 outcomes. Previous studies, (e.g.
[12, 32, 43—45]) have used the measure of excess mortal-
ity to compare COVID-19 outcomes cross-nationally.

The all-cause excess deaths measure has several
advantages which Corrao et al. [43] describe as follows:
all-cause excess mortality (1) is not based on clinical
diagnosis of the cause of death and thus, it is unaffected
by incompatibility of different diagnostic criteria; (2) is
unaffected by between-country differences in age and
comorbidity structure as each country’s values are com-
pared with itself; and (3) is a more accurate measure
than the COVID-19-specific mortality rate as there is
less random uncertainty connected to its monitoring and
demographic distribution. In addition, it overcomes the
variation between countries in misclassification of the
cause of death in death certificates, in reporting and test-
ing for COVID-19. Thus, it presents comprehensively the
full impact of the pandemic in populations health status
[12]. However, its limitations lie in explaining differences
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between countries as it does not differentiate the cause-
specific mortality. Where data collection and reporting
systems are timely and comprehensive, excess mortality
gives a summary measure of the impact of different pan-
demic responses [40].

The COVID-19 case fatality rate instead, is measured
as the number of confirmed COVID-19 deaths divided by
the number of confirmed COVID-19 cases. Rather than
being constant, the case fatality rate reflects the sever-
ity of the disease in a particular context, at a particular
time and in a particular population [2]. Case fatality rate’s
limitations connect to the overestimation and underesti-
mation of the risk of death; the number of undiagnosed
people will cause the rate to overestimate and living diag-
nosed people will cause the rate to underestimate the
true risk of death [2], and that it depends on the accu-
rate determination of causes of death [12]. However, it
can be used as a measure of disease severity and its com-
paratively high rates indicate relatively poor COVID-19
outcomes. This measure is also widely used in studies on
COVID-19 outcomes (e.g. [4, 10—12]).

Explanatory variables

For explaining the COVID-19 outcomes, we use mea-
sures of health system characteristics and healthcare
system types. Previous research has studied healthcare
financing [15-19], healthcare provision [21-24] and
health system categorisations [12, 28] in relation to health
outcomes and thus, we can expect the structural differ-
ences of national health systems relate to the COVID-19
outcomes. First, we apply three indicators to represent
the financing characteristics of health systems. The mea-
sure of current health expenditure (CHE) per capita indi-
cates the level of resources invested in health systems
[46]. We measure it in $US per capita by using purchas-
ing power parity and its values are divided by 100 to scale
them similarly as the other financing measures. We use
the indicator of general government health expenditure
as a percentage of CHE to measure public health expen-
diture. It reflects the government’s role in controlling
healthcare payments and the extent of public responsibil-
ity in organizing healthcare [47]. The indicator of house-
holds’ out-of-pocket payments as a percentage of CHE
represents the healthcare costs and financial burden of
private households as well as the role of the markets in
healthcare [46, 47].

Second, we use the healthcare system financing, pro-
vision and combined types to explain the variation in
COVID-19 outcomes between countries. Tables 2, 3 and
4 describe each of the healthcare system type whose more
specified details and formation with cluster analysis are
explained by Moolla et al. [13] and we follow their nam-
ing of the system types. The types are used as a tool to
examine the relationship between COVID-19 outcomes



Moolla et al. BMC Health Services Research (2023) 23:244

Table 2 Description of the healthcare system financing types
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Table 3 Description of the healthcare system provision types

Types Current Public health Private out-  Countries Types Primary care Number of  Cover- Countries
health expenditure® of-pocket delivery and doctors® age of
expenditure® health gatekeeping and hospital essential
expenditure® beds® services
Type 1 The highest The lowest Average level  Switzerland, Type 1 Primary care Average The high-  Austria, Czechia,
level level the US mainly private,  number estlevel  Japan, Luxem-
Type 2 High level The highest ~ The lowest Australia, non-existent of doctors, bourg, South
level level Austria, gatekeeping the highest Korea
Belgium, number of
Canada, hospital beds
Czechia, Type 2 Primary Average Average China, Greece,
Denmark, care public- number of level Iceland, Russia,
Finland, private mix, doctors, low Sweden, Turkey,
France, non-existent number of the US
Germany, gatekeeping hospital beds
Iceland, Ire- Type 3 Primary care The lowest  The lowest Indonesia,
land, Japan, public-private  level level South Africa
Luxem- mix, moderate
bourg, the gatekeeping
Nether- Type 4 Primary care Average level High level Australia, Bel-
lands, New mainly private, gium, Canada,
Zealand, strong to Denmark, Es-
Norway, moderate tonia, France,
Slovenia, gatekeeping Germany,
Sweden, the Hungary, Ire-
UK land, Latvia, the
Type 3 The lowest Low level The highest Brazil, Chile, Netherlands,
level level China, New Zealand,
Greece, Norway, Poland,
Indonesia, Slovakia, Swit-
Latvia, zerland, the UK
UthEJa”‘af Type 5 Primary care The highest ~ Average  Brazil, Chile,
Mexico, mainly public or number of level Colombia,
Portugal, public-private  doctors, low Costa Rica,
SOUt.h Korea, mix, strong number of Finland, Israel,
Russia gatekeeping hospital beds [taly, Lithuania,
Type 4 Low level Average level  Average level ~ Colombia, Mexico, Portu-
Costa Rica, gal, Slovenia,
Estonia, Spain
Hungary, Source: [13]. Notes: a total number of hospital beds per 10,000 population; b
Israel, Italy, density of practising doctors per 10,000 population
Poland, Slo-
vakia, South
Africa, Spain, to provide health services; higher share of public health
Turkey expenditure reflects larger public responsibility over

Source: [13]. Notes: a $US per head of population by using purchasing power
parity; b general government health expenditure as a percentage of CHE; c
household’s out-of-pocket payments as a percentage of CHE

and the health system structures and we acknowledge
that other ways of grouping healthcare systems could be
used in this context as well. However, these types are use-
ful estimates of different healthcare system types which
enable investigating different dimensions of health sys-
tems (financing, provision and health outcomes) sepa-
rately and combined.

Healthcare system financing types categorize countries
based on their current total, public and private out-of-
pocket health expenditure characteristics. Higher CHE
reflects better financial capacity of healthcare systems

healthcare financing whereas higher share of private
expenditure presents larger role of private households in
covering healthcare costs [47]. For example, the financ-
ing type 1 represents health systems of OECD countries
and their member economies that have the highest level
of CHE, the lowest level of government financing and
an average share of private out-of-pocket payments (see
Table 2).

Table 3 presents the healthcare system provision types
which are formed based on the availability and sup-
ply of health services different health systems. Primary
care delivery reflects the public-private-mix in organiz-
ing primary healthcare supply [48]; gatekeeping reflects
how specialist care access is controlled [49]; the num-
ber of doctors and hospital beds indicate health service
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Table 4 Description of the healthcare system combined types
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Types Financing Provision Health outcomes Countries
Type 1 The highest level of CHE; the Primary care mainly private; strong to low The best population Australia, Austria, Belgium,
highest level of public health gatekeeping; high number of hospital beds and health outcomes Canada, Czechia, Denmark,
expenditure; the lowest level of doctors; high coverage of essential services France, Germany, Iceland,
private health expenditure Ireland, Japan, Luxem-
bourg, Netherlands, New
Zealand, Norway, South
Korea, Sweden, Switzer-
land, the UK, the US
Type 2  The lowest level of CHE; the Primary care public-private mix; moderate The worst population Indonesia, South Africa
lowest level of public health gatekeeping; low number of hospital beds and  health outcomes in
expenditure; low level of private  doctors; low coverage of essential services terms of child and mater-
health expenditure nal health
Type 3 Low level of CHE; low level of Primary care mainly public or public-private Population health out- Brazil, Chile, Colombia,
public health expenditure; high mix; moderate to low gatekeeping; low number comes good expect high  Costa Rica, Finland, Israel,
level of private health expenditure of hospital beds; high number of doctors; aver-  maternal mortality [taly, Mexico, Portugal,
age to low coverage of essential services Spain
Type 4  Low level of CHE; average level of ~ Primary care mainly private or public-private Population health out- China, Greece, Estonia,
public health expenditure; high mix; strong to low gatekeeping; high number ~ comes average, cancer Hungary, Latvia, Lithuania,
level of private health expenditure of hospital beds; average number of doctors; mortality and differences Poland, Slovakia, Slovenia,
low coverage of essential services in life expectancy be- Russia, Turkey
tween men and women
the highest
Source: [13]

availability and accessibility [49]; and the coverage of
essential health services indicates the level of resources
and accessibility of essential care, such as maternal and
child healthcare [36]. For example, provision type 1 rep-
resents health systems whose primary health services
are mainly organized in the private sector, gatekeeping is
non-existent, the number of doctors is average, the num-
ber of hospital beds and the coverage of essential health
services are high.

The healthcare system combined types reflect health
systems’ financing, provision and population health out-
comes characteristics. The health financing and provision
characteristics are the same as described above whereas
population health outcomes are measured as measles-
vaccine coverage among 1-years-olds, life expectancy,
distribution of life expectancy, maternal and cancer mor-
tality. For example, the first combined type represents
health systems which are characterized by the lowest
share of out-of-pocket expenditure, the highest level of
CHE and government health expenditure. The healthcare
supply is on a high level. Primary care is mainly organized
in the private sector, but gatekeeping practices vary from
strict to non-existent. These countries produce the best
population health outcomes in terms of high measles-
vaccine coverage, high life expectancy, small differences
in life expectancy between males and females, low mater-
nal and cancer mortality. The other three healthcare sys-
tem combined types and the countries representing them
are presented in Table 4.

Control variables

The country characteristics-related data, GDP per capita,
DALYs and population share of 80-year-olds and over are
used as control variables in the regression models (see
Table 1 for descriptive statistics). The data for GDP per
capita and population share of 80-year-olds and over is
from the year 2020 and for DALYs from the year 2019.

COVID-19 has disproportionally affected older and
vulnerable populations [45], and thus, we can expect
varying age and burden of disease patterns of COVID-
19 outcomes based on a population’s demographic and
epidemiological profile. Advanced population age has
shown to have a positive relationship with the number of
COVID-19 cases and deaths [10, 50]. Instead of popula-
tion share aged 65 or over, we use the share of population
aged 80 or over as a control variable as the age group of
65-year-olds and over might be too broad to disentangle
the impact of old age on COVID-19 outcomes.

Together with advanced age, underlying health con-
ditions have been associated with higher risk for severe
COVID-19 infection [51]. Thus, we control for the bur-
den of disease by using the measure of disability-adjusted
life years which assesses the burden of disease or health
condition borne by individuals in different populations
[30]. In addition, we control for GDP per capita as it has
been connected with COVID-19 health outcomes [50],
and it reflects the wealth of the countries and thus, the
possibilities to invest in their healthcare sector.

In preliminary checks, we tested the measures of the
population share aged 65 or over, the population share
fully vaccinated against COVID-19, Gini index, income
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Table 5 Regression results with health system financing characteristics: Excess mortality rate
Model 1a Model1b Model 1c Model2a Model2b Model2c Model3a Model3b Model 3¢
B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd)
(Intercept) 0.00 0.00 -0.05 0.00 0.00 -0.04 0.00 0.00 -0.05
(0.13) (0.12) (0.09) (0.15) 0.11) (0.09) (0.14) 0.11) (0.08)
Current health expenditure -0.55%** -0.34* -0.15
(0.14) (0.13) (0.10)
Out-of-pocket expenditure 0.37* 0.17 -0.00
(0.15) 0.12) 0.11)
Government health expenditure -045%* -0.16 -0.11
(0.14) 0.12) (0.09)
Population 80 years or over -0.22 0.00 -0.28* -0.04 -0.25 -0.03
(0.14) (0.10) 0.13) (0.10) (0.13) (0.10)
DALY 0.33* 0.77%%* 0.26 0.69%** 0.20 0.64%%*
(0.15) 0.17) (0.14) (0.18) (0.15) 0.17)
GDP -0.36* -0.23* -0.42% -0.21*
(0.14) 0.11) (0.13) (0.10)
Mexico 2.15%% 2.08** 2.02%**
(0.58) (0.58) (0.55)
South Africa -2.53% -2.38% -2.19%
(0.93) (1.04) (0.90)
Colombia 2.23%xx 2.04** 2.13%x
(0.57) (0.58) (0.55)
R2 0.31 0.50 0.77 0.14 0.58 0.79 0.20 0.58 0.80
adj. R2 0.29 045 073 0.1 0.53 0.75 0.18 053 0.76
logLik -48.91 -42.57 -26.73 -53.30 -38.96 -24.94 -51.76 -39.12 -23.99
AIC 103.83 95.14 69.46 11259 89.92 67.87 109.51 90.23 66.00
BIC 108.90 103.58 83.00 117.66 100.05 83.07 114.56 100.37 81.19

Notes: ***p<0,001, ** p<0,01, *p<0,05; (standard deviation), N=40, GDP not a control variable for models 1b and 1c due to high correlation with current health

expenditure measure

share held by lowest 20% in a population, financial aus-
terity of health systems (changes in countries’ shares of
out-of-pocket and private health expenditure within the
past five years), the number of hospital beds and doctors.
In final models these measures we left out as they did not
present a statistically significant relationship with the
outcome variables or improve the model fits.

Results

In Tables 5 and 6, we present the regression results of
COVID-19 outcomes explained by the health system
financing characteristics. Table 5 shows the results for
the models with excess mortality rate and Table 6 with
case fatality rate as the dependent variable. First, the
tables present models only with the financing measures
that we then control for with measures of DALYs per 100
000, GDP per capita and population share of 80-year-olds
and over. In addition, for models with excess mortality
rate, Mexico, South Africa and Colombia are controlled
as they were outliers and high-leverage points for the
regression models due to their high excess mortality rates
and low share of population aged 80 or over. In addition,
South Africa and Mexico show high numbers of DALYs.

For the models with case fatality rate, Mexico and China
are controlled due to their high case fatality rates.

We see statistically significant relationships between
all the financing characteristics and excess mortality and
case fatality rate. The connections have the same direc-
tions with both dependent variables with and without
control variables (except Model 2c). We find that higher
CHE and public health expenditure are associated with
lower excess mortality and case fatality rates, whereas
a higher share of out-of-pocket expenditure is related
to higher excess mortality and case fatality rates. The
financing characteristics seem to explain around 15 to
30% of the variation in excess mortality and case fatality
rates. However, when the controls are added, the signifi-
cant connections mostly decrease or disappear.

After controlling for other variables and the outlier
countries, the results indicate that the population share of
80-year-olds and over has no statistically significant rela-
tionship with COVID-19 outcomes. However, in Models
1c-6¢ the negative relationships between advanced age
and COVID-19 outcomes diminishes or becomes posi-
tive when the country-controls are added since they rep-
resent countries with younger populations but with high
excess mortality and case fatality rates. DALYs have a
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Table 6 Regression results with health system financing characteristics: Case fatality rate

Model4a Model4b Model4c Model5a Model5b Model5¢c Model6a Model 6b Model 6¢
B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd) B (sd)
(Intercept) 0.00 0.00 -0.16 0.00 0.00 -0.15 0.00 0.00 -0.15
(0.14) (0.14) (0.08) (0.13) 0.12) (0.08) 0.14) (0.13) (0.08)
Current health expenditure -045** -0.31 -0.16
(0.14) (0.16) (0.09)
Out-of-pocket expenditure 0.52%** 0.40** 0.1
(0.13) (0.14) (0.10)
Government health expenditure -045%* -0.26 -0.12
(0.14) (0.15) (0.09)
Population 80 years or over -0.04 0.17 -0.09 0.13 -0.06 0.15
(0.17) (0.10) (0.15) (0.10) (0.16) (0.10)
DALY 0.27 0.35%* 0.25 0.32%%* 0.14 0.28*
0.17) (0.10) 0.16) (0.10) (0.18) 0.11)
GDP -0.12 -0.12 -0.29 -0.16
0.17) (0.10) (0.16) (0.09)
Mexico 4.38%** 4.14%%* 4.25%**
(0.53) (0.56) (0.53)
China 2.49%¥* 2.30%** 2.35%**
(0.54) (0.55) (0.54)
R2 0.21 027 0.78 027 041 0.79 0.20 0.34 0.79
adj. R2 0.19 0.22 0.75 0.25 0.33 0.75 0.18 0.27 0.75
logLik -55.55 -53.71 -28.39 -53.74 -49.27 -27.25 -55.63 -51.61 -26.99
AlC 117.11 1741 70.78 11349 110.54 70.50 117.25 115.22 69.97
BIC 122.39 126.22 83.11 118.77 121.11 84.59 12254 125.78 84.06

Notes: ***p<0,001, ** p<0,01, ¥p<0,05; (standard deviation), N=43, GDP not a control variable for models 1b and 1c due to high correlation with current health

expenditure measure

strong and positive relationship with excess mortality and
case fatality, indicating that the greater previous burden
of disease is associated with higher numbers of COVID-
19 excess mortality and case fatality. GDP per capita, net-
of-controls, has a strong and negative relationship with
excess mortality and also, a negative relationship with
case fatality: higher GDP is associated with lower excess
mortality and case fatality rates.

Tables 7 and 8 present the results of linear regression
analyses in which excess mortality rate and case fatality
rate are explained by the healthcare system financing,
provision and combined types. Financing type 1, provi-
sion type 3 and combined type 2 were excluded from the
models since they included only two countries and can
be seen as outlier countries. For models with excess mor-
tality rate, Mexico and Colombia are controlled as they
were outliers and high-leverage points for the regression
models due to their high excess mortality rates, whereas
for the models with case fatality rate, Mexico and China
are controlled due to their high case fatality rates.

Compared to the second financing type, financing
types 3 and 4 have higher excess mortality and case fatal-
ity rates. It appears that health systems with a lower share
of private health expenditure and a high level of CHE
and public health expenditure produce better COVID-
19 outcomes (such as systems in the financing type 2)

than health systems with a higher share of private out-
of-pocket payments, a lower level of CHE and public
financing.

When comparing provision types, we notice that pro-
vision type 1 is associated with the best COVID-19 out-
comes in relation to the other provision types. Healthcare
systems of provision type 1 differ from the other provi-
sion types especially in terms of greater number of hos-
pital beds and better coverage of essential health services.
However, the results with provision types do not indicate
strong associations with COVID-19 outcomes.

Finally, compared to the healthcare system combined
type 1, the combined types 3 and 4 seem to have higher
rates of excess mortality and case fatality. Health systems
with a low share of out-of-pocket expenditure, and a high
level of CHE, government health expenditure, healthcare
employment, hospital beds and essential health services
seem to produce better COVID-19 related health out-
comes (systems such as combined type 1). The health
systems of the combined type 1 also produce the best
other population health outcomes (high measles-vaccine
coverage among 1-years-olds, high life expectancy, more
equal distribution of life expectancy, low maternal and
cancer mortality) which may indicate that health systems
that had a good performance even before COVID-19
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Model 7a Model 7b Model 8a Model 8b Model 9a Model 9b
B (sd) B (sd) B (sd) B (sd) B (sd) B (sd)
(Intercept) -0.60%* -0.60%* -0.58 -0.58 -0.57%% -0.57%%%
(0.19) (0.15) (0.39) (0.30) (0.18) (0.14)
Financing type 3 1.25%%* 0.94**
(0.34) (0.27)
Financing type 4 1.15%* 0.92%*
(0.33) (0.26)
Provision type 2 0.65 0.65
(0.55) (0.43)
Provision type 4 0.17 0.17
(0.44) (0.34)
Provision type 5 1.26% 0.83*
(0.47) (0.37)
Combined type 3 1.26%%* 0.77**
(0.31) (0.25)
Combined type 4 0.89* 0.89**
(0.34) (0.26)
Mexico 2.82%%% 2.971%%% 2.95%%%
(0.68) 0.71) (0.64)
Colombia 2.26%* 2.33** 2.37%x*
(0.67) 0.71) (0.64)
N 38 38 39 39 39 39
R2 035 0.65 0.28 0.59 0.34 0.66
adj. R2 032 0.61 0.21 0.53 0.30 0.62
logLik -46.01 -34.16 -47.99 -36.93 -46.26 -3348
AlC 100.02 80.32 106.00 87.85 100.52 78.96
BIC 106.57 90.14 114.31 99.50 107.18 88.94

Notes: ***p<0,001, ** p<0,01, *p<0,05; (standard deviation), Reference categories: Financing type 2, Provision type 1, Combined type 1

pandemic, have also been able to perform better during
the COVID-19 pandemic.

Discussion

Findings on COVID-19 outcomes and health system
characteristics

At the beginning of this paper, we hypothesized that (1)
higher total healthcare expenditure is associated with
reduced COVID-19 excess mortality and case fatality
rates; (2) healthcare system financing types with higher
total and public health expenditure produce better
COVID-19 outcomes; (3) healthcare system provision
types with better access to care and higher level of pro-
visional resources are connected with better COVID-19
outcomes; and (4) healthcare system combined types
with high level of resources are associated with reduced
COVID-19 excess mortality and case fatality rates.
Our findings support these expectations and find sup-
port from earlier research on the relationship between
health outcomes and health system characteristics. The
results suggest that higher health financing and provision
resources contribute to lower COVID-19 excess mortal-
ity and case fatality rates. Also, better public health out-
comes prior to COVID-19 pandemic seem to indicate

better COVID-19 outcomes. Our findings indicate that
strengthening the overall health financing, workforce
and facilities of national public health systems reduces
COVID-19 related mortality.

Our findings indicate that lower COVID-19 excess
mortality and case fatality rates are associated with
higher total healthcare expenditure which has also been
connected to better health outcomes such as lower mor-
tality rates [15—18]. The relationship between health out-
comes and private and public health expenditure is still
understudied and the findings inconclusive; however,
our results suggest that countries with higher public and
lower private health expenditure have produced better
COVID-19 outcomes. In addition, we find that better
access to care and higher level of provisional resources
such as number of hospital beds are connected to lower
COVID-19 excess mortality and case fatality rates. Ear-
lier studies have also shown that higher level of health
workforce is associated with better population health
outcomes [17, 21-24]. The higher level of health work-
force and facilities have also been connected to better
COVID-19 outcomes [10, 11].

While the relationship between healthcare sys-
tem types and COVID-19 outcomes, or other health
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Table 8 Regression results with healthcare system types: Case fatality rate
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Model 10a Model 10b Model 11a Model 11b Model 12a Model 12b
B (sd) B (sd) B (sd) B (sd) B (sd) B (sd)
(Intercept) -043% -0.43%* -0.48 -0.48 -043% -043**
(0.21) (0.13) (0.45) (0.26) (0.21) (0.12)
Financing type 3 1.20%* 061*
(0.35) (0.24)
Financing type 4 048 0.48*
(0.35) (0.22)
Provision type 2 0.55 0.18
(0.59) (0.36)
Provision type 4 0.28 0.28
(0.51) (0.30)
Provision type 5 0.77 0.39
(0.53) (0.32)
Combined type 3 0.78* 036
(0.36) (0.21)
Combined type 4 0.73 0.50%
(0.37) (0.22)
Mexico 4.33%% 4.60%** 4.58***
(0.62) (0.61) (0.58)
China 2.13%* 2.61%%* 2.23%%*
(0.62) (0.64) (0.58)
N 41 41 4 41 41 41
R2 0.24 0.71 0.07 0.70 0.14 0.73
adj. R2 0.2 0.67 -0.01 0.65 0.10 0.70
logLik -5297 -3348 -56.26 -33.20 -54.55 -30.87
AlC 113.94 78.96 122.51 80.40 117.09 73.73
BIC 120.79 89.24 131.08 92.39 123.95 84.02

Notes: ***p<0,001, ** p<0,01, *p<0,05; (standard deviation), Reference categories: Financing type 2, Provision type 1, Combined type 1

outcomes, is underexplored in previous literature, our
findings indicate that healthcare system types provide a
useful tool for understanding differences in COVID-19
outcomes in high-income countries. Even though Simoes
et al. [12] did not find support for the type of health
insurance system in explaining COVID-19 outcomes,
other studies have indicated that clustering of countries
helps to explain country differences in COVID-19 out-
comes, or other health outcomes [10, 28, 29]. However,
these studies have connected these differences in health
outcomes to countries’ similar vulnerabilities to diseases
[10], implementation of policies aimed at reducing social
inequalities [27], and promotion of social protection and
provision of public goods [28, 29]. Our application of
healthcare system types suggests that COVID-19 health
outcomes are impacted by the health system structures.
We find evidence that health systems with low private
health expenditure, high total and government health
expenditure, a high level of health workforce and facili-
ties produce better COVID-19 related health outcomes.
Also, health systems that had produced good population
health outcomes before the pandemic, have also had bet-
ter performance in terms of COVID-19 excess mortal-
ity and case fatality. Even though the healthcare system

types contain health systems with varied resources and
national characteristics, they show us a compelling way
of understanding differences in COVID-19 outcomes
from the health system structures perspective. Alto-
gether, our findings indicate that publicly funded health
systems with greater level of resources have been able to
perform better during the COVID-19 pandemic than sys-
tems with greater private health expenditure and lower
level of resources.

Limitations

Limitations of this study relate to the reliability of the
data and the complexity of measuring COVID-19 health
outcomes. As noted earlier, the databases from which the
data for constructing the excess mortality and case fatal-
ity rates are sourced, are from several different national
and international sources. Thus, the data collection and
reporting methods vary across countries. For the excess
mortality indicator, the coverage and reliability of the
data varies across countries, and some of the countries
might have reported incomplete mortality numbers
underestimating the excess mortality rates (see [32]). The
same caveat applies to the case fatality estimates as well;
it is possible that various reporting methods result in
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incomplete estimates. However, the databases for collect-
ing COVID-19 related information list their original data
sources rigorously and explain their data collection and
estimate calculation methods in detail. To the best of our
knowledge, the data on COVID-19 excess mortality and
case fatality has been collected and reported by following
reliable research practices.

Due to the complexity of the COVID-19 pandemic and
used COVID-19 indicators, COVID-19 outcomes can-
not fully be explained with healthcare characteristics.
COVID-19 is likely to be connected to geographical and
welfare state related factors such as social protection and
different reactions to buffer the pandemic; for example,
the different trajectories of Sweden and other Nordic
countries (strict versus loose COVID-19 response) [52],
or situation in countries which followed extreme lock-
down policies nationally (e.g. New Zealand) or locally
(e.g. China). The excess mortality and case fatality rates
are also related to factors outside healthcare systems and
depend on larger societal, environmental, economic and
political factors [45, 53]. Also, different ways of counting
COVID-19 deaths and cases might impact the compara-
bility of the indicators across countries [54], for exam-
ple, at the beginning of the pandemic, nursing homes’
COVID-19 deaths in the US were not reported as part of
the country’s overall COVID-19 deaths [55].

Limitations on the measure of COVID-19 excess mortality

Previous research has found evidence for alternative
drivers of mortality in societies that might have impacted
the excess mortality during the pandemic. Studies sug-
gest that diminished healthcare use might have affected
the excess mortality rates (e.g.[ 56, 57]), which, however,
is difficult to prove and the effect of changes in healthcare
use on excess mortality might also be greater after the
first years of the pandemic [45]. Researchers have showed
increased rates of anxiety and depression during the pan-
demic, which might have led to increased deaths from
suicide [58-60]. Deaths from some chronic conditions
such as ischemic heart disease or chronic respiratory dis-
ease decreased in 2020 [57], which might have occurred
because frail individuals who suffered from these condi-
tions, already died earlier that year from COVID-19 [45].
Still, especially in the Northern Hemisphere, decreases
in flu and common respiratory virus deaths (decreases
in cases of 80% or more), provide the most compelling
evidence of changes in cause-specific mortality dur-
ing the pandemic [45]. In addition, social distancing
and other pandemic restrictions might have decreased
deaths from injuries, such as road accidents [61, 62].
COVID-19 excess mortality is affected by these changes
in baseline patterns of all-cause mortality making it chal-
lenging to differentiate how much excess mortality is due
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to SARS-CoV-2 infection or other societal, economic, or
behavioural changes associated with the pandemic [45].

Limitations on the measure of COVID-19 case fatality

The COVID-19 case fatality rate instead is affected by the
reporting of the number of COVID-19 deaths in health-
care, as listing COVID-19 as the cause of death requires
a positive SARS-CoV-2 test which affects the official
counts especially when the testing capacity is low [45].
Especially in long-term care facilities, COVID-19 deaths
have been underreported among older individuals in
high-income countries (e.g.[ 54, 63]). Also, the quality of
systems for registering and definitions used for counting
COVID-19 deaths varied across countries, as well as dif-
ferent political considerations and social, economic, and
behavioural responses to the pandemic, including strict
lockdowns, appear to have affected the accurate report-
ing of COVID-19 deaths [45]. It is necessary to empha-
size that our results describe COVID-19 outcomes before
the emergence of the Omicron variant which dramati-
cally changed the global pandemic trajectories.

However, we are not trying to provide an overall expla-
nation for COVID-19 outcomes but to disentangle the
possible role of healthcare system characteristics in tack-
ling pandemics such as COVID-19. Our analyses con-
sider the impact of societal characteristics in terms of
GDP, DALYs and population share over 80-year-olds on
COVID-19 outcomes and the results show that these
factors are connected to the outcomes. Previous studies
also find similar results of advanced population age and
underlying health conditions being connected to higher
COVID-19 caseloads and overall mortality [10, 50].
However, our results indicate that higher GDP per cap-
ita is associated with better COVID-19 outcomes which
are inconsistent with Chaudry’s et al’s findings which
according to them might reflect more widespread test-
ing, greater reporting transparency and better national
surveillance systems in countries with a higher GDP [50].

Conclusion

To conclude, our findings suggest that before Omicron
variant COVID-19 excess mortality and case fatality rates
were systematically associated with healthcare systems’
financing, provision and public health outcome charac-
teristics, and that healthcare system types provide a tool
for understanding differences in COVID-19 outcomes
in high-income countries. Although the study setting
did not allow causal inferences, our results suggest that
investments in public health systems in terms of overall
financing and a high level of health workforce and facili-
ties are instrumental in reducing COVID-19 related mor-
tality. Countries aiming at improving their pandemic
preparedness may develop health systems by strengthen-
ing their public health systems.



Moolla et al. BMC Health Services Research (2023) 23:244

List of abbreviations

COVID-19 Coronavirus disease

WHO World Health Organization

SARSCoV-2  severe acute respiratory syndrome coronavirus 2
OECD The Organisation for Economic Co-operation and

Development
us the United States

HMD the Human Mortality Database
WMD the World Mortality Dataset
GDP gross domestic product

GHO the Global Health Observatory
ANOVA analysis of variance

CHE current health expenditure
DALY disability-adjusted life years

Acknowledgements
Not applicable.

Author contributions

IM and HH made substantial contributions to the conception and design

of the work. IM did the literature search, performed data cleaning, analyzed
the data, generated the tables and figures, and drafted the manuscript. HH
substantively revised the manuscript. All authors read and approved the final
manuscript.

Funding

Not applicable.

Open Access funding provided by University of Helsinki including Helsinki
University Central Hospital.

Open Access funding provided by University of Helsinki including Helsinki
University Central Hospital.

Data availability

All data collected and analyzed during the current study are publicly

available in the following repositories: the Our World in Data database
[https://ourworldindata.org/excess-mortality-covid]; [https://ourworldindata.
org/burden-of-disease], the Human Mortality Database [www.mortality.

org]; [www.humanmortality.de], the World Mortality Dataset [https://doi.
org/10.7554/elife.69336], the World Bank Open Data database [https://data.
worldbank.org/], the OECD Health Statistics database [https://doi.org/10.1787/
data-00547-en], and the Global Health Expenditure Database (GHO) [https://
apps.who.int/nha/database/Home/Index/en].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 November 2022 / Accepted: 21 February 2023
Published online: 13 March 2023

References

1. Abduljalil JM, Abduljalil BM. Epidemiology, genome, and clinical features of
the pandemic SARS-CoV-2: a recent view. New Microbes and New Infections.
2020; 35:100672.

2. Ritchie H, Mathieu E, Rodés-Guirao L, Appel C, Giattino C, Ortiz-Ospina E et
al. Coronavirus Pandemic (COVID-19). Our World in Data. 2020. https://our-
worldindata.org/excess-mortality-covid. Accessed 25 Nov 2021.

3. Sarmadi M, Marufi N, Moghaddam VK. Association of COVID-19 global
distribution and environmental and demographic factors: an updated three-
month study. Environ Res. 2020;188:109748.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 13 of 14

Yamamoto N, Bauer G. Apparent difference in fatalities between Central
Europe and East Asia due to SARS-COV-2 and COVID-19: four hypotheses for
possible explanation. Med Hypotheses. 2020;144:110160.

AbediV, Olulana O, Avula V, Chaudhary D, Khan A, Shahjouei S, et al. Racial,
economic, and Health Inequality and COVID-19 infection in the United
States. J Racial Ethnic Health Disparities. 2021,8(3):732-42.

Bhadra A, Mukherjee A, Sarkar K. Impact of population density on

Covid-19 infected and mortality rate in India. Model Earth Syst Environ.
2021;7(1):623-9.

Drefahl S, Wallace M, Mussino E, Aradhya S, Kolk M, Brandén M, et al. A
population-based cohort study of socio-demographic risk factors for COVID-
19 deaths in Sweden. Nat Commun. 2020;11(1):5097.

Islam N, Khunti K, Dambha-Miller H, Kawachi |, Marmot M. COVID-19 mortal-
ity: a complex interplay of sex, gender and ethnicity. European Journal of
Public Health. 2020;30(5):847-8.9.

Gaffney A, Himmelstein DU, Woolhandler S. COVID-19 and US Health
Financing: Perils and Possibilities. International Journal of Health Services.
2020;50(4):396-407.

Foster KL, Selvitella AM. On the relationship between COVID-19 reported
fatalities early in the pandemic and national socio-economic status predating
the pandemic. AIMS Public Health. 2021;8(3):439-55.

Kim J, Hong K, Yum S, Gémez Gémez RE, Jang J, Park SH, et al. Factors associ-
ated with the difference between the incidence and case-fatality ratio of
coronavirus disease 2019 by country. Sci Rep. 2021;11(1):18938.

Simdes J, Magalhdes JPM, Biscaia A, da Luz Pereira A, Augusto GF, Fronteira

. Organisation of the state, model of health system and COVID-19 health
outcomes in six european countries, during the first months of the COVID-19
epidemic in 2020. Int J Health Plann Manag. 2021;36(5):1874-86.

Moolla |, Hiilamo H, Kouvo A. In search of healthcare system ideal types —
changeable classifications and dimensions. FISR. 2021;14:7-26.

World Health Organization. The World Health Report 2000: health systems:
improving performance. Geneva: World Health Organization; 2000.

Vavken P, Pagenstert G, Grimm C, Dorotka R. Does increased health care
spending afford better health care outcomes? Evidence from austrian
health care expenditure since the implementation of DRGs. Swiss Med Wkly.
2012;142:w13589-9.

Gani A. Health care financing and health outcomes in Pacific Island countries.
Health Policy Plann. 2008;24(1):72-81.

Macinko JA, Shi L, Starfield B. Wage inequality, the health system, and infant
mortality in wealthy industrialized countries, 1970-1996. Soc Sci Med.
2004;58(2):279-92.

Golinelli D, Bucci A, Toscano F, Filicori F, Fantini MP. Real and predicted mortal-
ity under health spending constraints in Italy: a time trend analysis through
artificial neural networks. BMC Health Serv Res. 2018;18(1):671.

Asiskovitch S. Gender and health outcomes: the impact of healthcare
systems and their financing on life expectancies of women and men. Soc Sci
Med. 2010;70(6):886-95.

Rice T, Rosenau P, Unruh LY, Barnes A, van Ginnerken E. United States of
America: Health system review. Health Syst Transition. 2020;22(4):i-441.
Nguyen MP, Mirzoev T, Le TM. Contribution of health workforce to health out-
comes: empirical evidence from Vietnam. Hum Resour Health. 2016;14(1):68.
Motkuri V, Mishra US. Human Resources in Healthcare and Health Outcomes
in India. Millennial Asia. 2020;11(2):133-59.

Anand S, Barnighausen T. Human resources and health outcomes: cross-
country econometric study. Lancet. 2004;364(9445):1603-9.

Anand S, Fan VY, Zhang J, Zhang L, Ke Y, Dong Z, et al. China’s human
resources for health: quantity, quality, and distribution. Lancet.
2008;372(9651):1774-81.

Esping-Andersen G. The three Worlds of Welfare capitalism. Cornwall: Polity
Press; 1990.

Brennenstuhl S, Quesnel-Vallée A, McDonough P. Welfare regimes, population
health and health inequalities: a research synthesis. J Epidemiol Community
Health. 2012,66(5):397-409.

Navarro V, Muntaner C, Borrell C, Benach J, Quiroga A, Rodriguez-Sanz M, et
al. Politics and health outcomes. The Lancet. 2006;368(9540):1033-7.
Bambra C. Health Status and the Worlds of Welfare. Social Policy and Society.
2006;5(1):53-62.

Muntaner C, Borrell C, Ng E, Chung H, Espelt A, Rodriguez-Sanz M, et al.
Politics, welfare regimes, and population health: controversies and evidence.
Sociol Health llin. 2011;33(6):946-64.

Roser M, Ritchie H. Burden of Disease. Our World in Data. 2021. https://our-
worldindata.org/burden-of-disease. Accessed 18 May 2022 May 18.


https://ourworldindata.org/excess-mortality-covid
https://ourworldindata.org/burden-of-disease
https://ourworldindata.org/burden-of-disease
http://www.mortality.org
http://www.mortality.org
http://www.humanmortality.de
http://dx.doi.org/10.7554/eLife.69336
http://dx.doi.org/10.7554/eLife.69336
https://data.worldbank.org/
https://data.worldbank.org/
http://dx.doi.org/10.1787/data-00547-en
http://dx.doi.org/10.1787/data-00547-en
https://apps.who.int/nha/database/Home/Index/en
https://apps.who.int/nha/database/Home/Index/en
https://ourworldindata.org/excess-mortality-covid
https://ourworldindata.org/excess-mortality-covid
https://ourworldindata.org/burden-of-disease
https://ourworldindata.org/burden-of-disease

Moolla et al. BMC Health Services Research

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

(2023) 23:244

University of California, Berkeley (USA), Max Planck Institute for Demographic
Research (Germany). Human Mortality Database. 2022. Available at www.
mortality.org or www.humanmortality.de. Accessed 1 Sep 2022.

Karlinsky A, Kobak D. Tracking excess mortality across countries during the
COVID-19 pandemic with the World Mortality dataset. eLife. 2021;10:e69336.
Dong E, Du H, Gardner L. An interactive web-based dashboard to track
COVID-19in real time. Lancet Infect Dis. 2020,20(5):533-4.

The World Bank. World Bank Open Data. https://data.worldbank.org/.
Accessed 25 Nov 2021.

OECD. Demographic references. OECD Health Statistics (database). 2022.
https://doi.org/10.1787/data-00547-en.

World Health Organization. Global Health Expenditure Database, the 2020
update. https://apps.who.int/nha/database/Home/Index/en. Accessed 1 Sep
2021.

Gelman A, Hill J. Data Analysis using regression and Multilevel/Hierarchical
models. Analytical Methods for Social Research. Cambridge: Cambridge
University Press; 2007.

McHugh ML. Multiple comparison analysis testing in ANOVA. Biochemia Med.
2011;21(3):203-9.

World Health Organization. Tracking SARS-CoV-2 variants. 2022. https://www.
who.int/activities/tracking-SARS-CoV-2-variants. Accessed 18 May 2022.
Beaney T, Clarke JM, Jain V, Golestaneh AK, Lyons G, Salman D, et al. Excess
mortality: the gold standard in measuring the impact of COVID-19 world-
wide? J R Soc Med. 2020;113(9):329-34.

Vital Strategies, World Health Organization. Revealing the toll of COVID-19: a
Technical Package for Rapid Mortality Surveillance and Epidemic Response.
New York: Vital Strategies; 2020.

European Centre for Disease Prevention and Control. Coronavirus disease
2019 (COVID-19) in the EU/EEA and the UK - ninth update. Stockholm: ECDC;
2020.

Corrao G, Rea F, Blangiardo GC. Lessons from COVID-19 mortality data across
countries. J Hypertens. 2021,39(5):856-60.

Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi |, Irizarry RA, Alicandro
G, Khunti K, Yates T, Jdanov DA, White M, Lewington S, Lacey B. (2021). Excess
deaths associated with covid-19 pandemic in 2020: Age and sex disaggre-
gated time series analysis in 29 high income countries. BMJ 2021; 373:n1137
doi:https://doi.org/10.1136/bmj.n1137.

Wang H, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P, et al. Estimat-
ing excess mortality due to the COVID-19 pandemic: a systematic analysis of
COVID-19-related mortality, 2020-21. The Lancet. 2022;399(10334):1513-36.
OECD. Health at a glance 2019: OECD Indicators. Paris: OECD Publishing;
2021. https://doi.org/10.1787/4dd50c09-en.

Wendt C. Healthcare Policy and Finance. In: Kuhimann E, Blank RH,
Bourgeault IL, Wendt C, editors. The Palgrave International Handbook of
Healthcare Policy and Governance. Basingstoke; New York: Palgrave Macmil-
lan; 2015. pp. 54-68.

Bohm K, Schmid A, Gotze R, Landwehr C, Rothgang H. Five types of OECD
healthcare systems: empirical results of a deductive classification. Health
Policy. 2013;113(3):258-69.

Paris V, Devaux M, Wei L. Health Systems Institutional Characteristics: A Survey
of 29 OECD Countries. OECD Health Working Papers, No. 50. Paris: OECD
Publishing; 2010. https://doi.org/10.1787/5kmfxfq9qbnr-en.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 14 of 14

Chaudhry R, Dranitsaris G, Mubashir T, Bartoszko J, Riazi S. A country level
analysis measuring the impact of government actions, country prepared-
ness and socioeconomic factors on COVID-19 mortality and related

health outcomes. eClinicalMedicine. 2020. https://doi.org/10.1016/j.
eclinm.2020.100464.

Centers for Disease Control and Prevention. Science brief: evidence used

to update the list of underlying medical conditions associated with higher
risk for severe COVID-19. Centers for Disease Control and Prevention. 2022.
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/under-
lying-evidence-table.html. Accessed 18 May 2022.

Brusselaers N, Steadson D, Bjorklund K, Breland S, Stilhoff Sérensen J, Ewing A,
et al. Evaluation of science advice during the COVID-19 pandemic in Sweden.
Humanit Social Sci Commun. 2022;9(1):91.

Kontis V, Bennett JE, Rashid T, Parks RM, Pearson-Stuttard J, Guillot M, et al.
Magnitude, demographics and dynamics of the effect of the first wave of the
COVID-19 pandemic on all-cause mortality in 21 industrialized countries. Nat
Med. 2020;26(12):1919-28.

Lau H, Khosrawipour T, Kocbach P, Ichii H, Bania J, Khosrawipour V. Evaluating
the massive underreporting and undertesting of COVID-19 cases in multiple
global epicenters. Pulmonology. 2021;27(2):110-5.

LiY, Fang F, He M. Factors Associated with nursing Homes’ late participation
in COVID-19 reporting. J Am Geriatr Soc. 2020;68(11):2468-9.

Dinmohamed AG, Visser O, Verhoeven RHA, Louwman MWJ, van Nederveen
FH, Willems SM, et al. Fewer cancer diagnoses during the COVID-19 epidemic
in the Netherlands. Lancet Oncol. 2020;21(6):750-1.

Schwarz V, Mahfoud F, Lauder L, Reith W, Behnke S, Smola S, et al. Decline of
emergency admissions for cardiovascular and cerebrovascular events after
the outbreak of COVID-19. Clin Res Cardiol. 2020;109(12):1500-6.

Gunnell D, Appleby L, Arensman E, Hawton K, John A, Kapur N, et al. Suicide
risk and prevention during the COVID-19 pandemic. The Lancet Psychiatry.
2020;7(6):468-71.

John A, Pirkis J, Gunnell D, Appleby L, Morrissey J. Trends in suicide during the
covid-19 pandemic. BMJ. 2020;371:m4352.

Sakamoto H, Ishikane M, Ghaznavi C, Ueda P. Assessment of suicide in

Japan during the COVID-19 pandemic vs previous years. JAMA Netw Open.
2021,4(2):e2037378-8.

Rozenfeld M, Peleg K, Givon A, Bala M, Shaked G, Bahouth H, et al. COVID-19
changed the Injury patterns of hospitalized patients. Prehosp Disaster Med.
2021;36(3):251-9.

Mungmunpuntipantip R, Wiwanitkit V. The COVID-19 pandemic and traffic
accidents. SAMJ: South African Medical Journal. 2021;111:192-2.

LiR, Pei S, Chen B, Song Y, Zhang T, Yang W, et al. Substantial undocumented
infection facilitates the rapid dissemination of novel coronavirus (SARS-
CoV-2). Science. 2020;368(6490):489-93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://data.worldbank.org/
http://dx.doi.org/10.1787/data-00547-en
https://apps.who.int/nha/database/Home/Index/en
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
http://dx.doi.org/10.1136/bmj.n1137
http://dx.doi.org/10.1787/4dd50c09-en
http://dx.doi.org/10.1787/5kmfxfq9qbnr-en
http://dx.doi.org/10.1016/j.eclinm.2020.100464
http://dx.doi.org/10.1016/j.eclinm.2020.100464
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/underlying-evidence-table.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/underlying-evidence-table.html

	﻿Health system characteristics and COVID-19 performance in high-income countries
	﻿﻿Abstract﻿
	﻿Background
	﻿Methods
	﻿Data
	﻿Statistical analysis
	﻿Dependent variables
	﻿﻿Explanatory variables
	﻿Control variables

	﻿Results
	﻿Discussion
	﻿Findings on COVID-19 outcomes and health system characteristics
	﻿Limitations
	﻿Limitations on the measure of COVID-19 excess mortality
	﻿Limitations on the measure of COVID-19 case fatality

	﻿Conclusion
	﻿References


