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Abstract
How has public healthcare spending prepared countries for tackling the COVID-19 pan-
demic? Arguably, spending is the primary policy tool of governments for providing effec-
tive health. We argue that the effectiveness of spending for reducing COVID deaths is
conditional on the existence of healthcare equity and lower political corruption because
the health sector is particularly susceptible to political spending. Our results, obtained
using ordinary least squares and two-stage least squares estimations, suggest that higher
spending targeted at reducing inequitable access to health has reduced COVID deaths.
Consistent with the findings of others, our results indirectly suggest that health spending
is necessary, but not sufficient unless accompanied by good governance and equitable
access. Equitable health systems ease the effects of COVID presumably because they allow
states to reach and treat people more effectively. Spending aimed at increasing health sys-
tem capacity by increasing access thus seems a sound strategy for fighting the spread of
disease, ultimately benefiting us all.
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Introduction
The COVID-19 pandemic has had governments across the world scrambling to
devise effective strategies against the spread of the virus and reduce death rates.
Almost all governments have proclaimed increased spending to tackle the problem,
which is arguably the primary policy instrument for governments. Global financial
institutions, such as the International Monetary Fund (IMF), have pledged over 1
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trillion United States (US)$ for financing COVID-related spending.1 Does public
spending on health matters for dealing with crises of this nature? Evidence on
the effects of government spending on health outcomes has generally been incon-
clusive. While some studies show that increased spending on health does not nec-
essarily translate into better health outcomes (Filmer and Pritchett 1999; Ray and
Linden 2020), others show that higher spending does contribute to better health
(Chirowa et al. 2013; Owusu et al. 2021). Fighting viruses, however, might require
more than just finances. How increased budgets for health might prevent the next
pandemic, thus, is a critical question that might be addressed by assessing how
spending in the past relates to the outcomes of the present pandemic.

We contribute to the literature by investigating the effects of government health-
care expenditure on the recent COVID-19 pandemic. The magnitude of this crisis
led governments to respond by committing US$10 trillion in the first two months
alone, which was three times that of the response to the 2008–2009 financial crisis
(Cassim et al. 2020). According to Cassim et al. (2020), countries in Western Europe
alone devoted approximately US$ 4 trillion to the pandemic, while some countries
committed as much as 40% of their GDP to deal with the crisis. Studies also suggest
that disparities in healthcare access affect pandemic outcomes (Garoon and Duggan
2008; Tricco et al. 2012; Quinn and Kumar 2014; Mamelund et al. 2019). The dis-
tribution of vaccinations has also been unequal. The rich countries hogged the
majority of vaccines, leaving little for the poorer countries. Access to vaccines is
related directly to the death count. In a study of Europe and Israel, Jabloriska et al.
(2021) find that vaccination efficacy in terms of protection against deaths was
around 72%, with a fall in number of deaths. Similar results are documented for
the US. Schneider et al. (2021) observe that if not for the vaccination programme,
there would have been approximately 1.1 million more deaths as a result of COVID-
19 and more than 10.3 million additional COVID-19 hospitalisations in the US by
November 2021. On 21 June 2021, only 10.04% of the world population had been
fully vaccinated, with just 0.9% of people in low-income countries receiving one
dose (Gleeson 2021). Clearly, global and local inequalities affect pandemic out-
comes, and the size of budgets is potentially a major part of the story.

The unequal access to resources has clearly played a part in how the COVID
pandemic has progressed across the world. Clearly, access to financial resources
is in only one tool, albeit an important one, when fighting a highly contagious dis-
ease. How money and budgets translate into effective action, however, is critical. As
many suggest, larger health budgets do not always correlate with good health out-
comes. How money is deployed must matter. We examine whether government
health budgets on COVID deaths have been conditional on having more effective
governance, such as more equitable healthcare systems and lower political corrup-
tion. Given that such large volumes of spending could easily be misappropriated, we
examine whether health spending conditioned by good governance has influenced
the number of COVID deaths. While politicians and the public expect government
spending to solve the problem, experts on public sector finance often see public
spending as either wasteful or benefiting only the rich, through what is known
as “tax churning” (Tanzi 2011). We argue that the degree of effectiveness of health

1See https://www.imf.org/en/Topics/imf-and-covid19.
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spending on fighting the COVID pandemic might very well be conditional on the
degree to which a robust health system in terms of capacity to reach people exists
and the true purpose and intent of public policy, which might be assessed best by
gauging the degree of political corruption.2

Using a cross-section of data for 213 countries which faced the COVID-19 pan-
demic up until 15 June 2021, we find evidence to suggest that spending levels in the
past correlate with higher numbers of COVID deaths, suggesting that health spend-
ing is a poor predictor of pandemic outcomes. Consistent with our expectations,
however, government spending on health care reduces the number of COVID-
19 deaths conditional on an equitable healthcare system and lower levels of corrup-
tion. Our results demonstrate that the capacity to reach and treat captured by equi-
table access matters more than the size of a country’s health budget. Indirectly,
therefore, our study also suggests that higher health spending alone need not nec-
essarily lead to the existence of effective and resilient health systems if indeed spend-
ing does not build equitable health infrastructure. Thus, it is not the size of budgets
alone but the quality of governance that helps tackle the worst of a pandemic. The
results are robust to alternative testing procedures, including the application of
instrumental variable (IV) technique for addressing endogeneity concerns.

Previous research
Arguably, the main tool in the hands of governments for solving public health crises
is to increase spending on healthcare. Scholars have long debated, however, the effi-
cacy of the public sector spending money to resolve problems (Tanzi 2011). Studies
suggest that an increase in government spending alone may not necessarily lead to
improvements in healthcare and disease outcomes, while the question of whether
private spending does better than public is still debated (Filmer and Pritchett
1999; Deaton 2013; Gallet and Doucouliagos 2017; Linden and Ray 2017).

While some studies show a positive relationship between government health
spending and health outcomes, others show a negative or no relationship at all.
Owusu et al. (2021) examine the effect of health expenditure on infant and maternal
mortality rates and find that higher health expenditure reduces both infant and
maternal mortality rates in low- and middle-income countries. Chirowa et al.
(2013) similarly observe that countries which spend more on health care experience
lower maternal deaths compared to those which spent less. Ray and Linden (2020)
using sophisticated econometric analysis find that the efficiency of transforming
spending into better outcomes varies greatly among countries across the world.
Filmer and Pritchett (1999) in a study of the effects of public health spending on
child and infant mortality find no strong link between the two variables, however.
They argue that the efficacy of public health spending depends on the degree to
which it can generate effective public services. Similar findings are documented
by Bhalotra (2007) for infant mortality rates in India. However, when controlling
for lagged effects and other variables, a significant effect emerges.

2We use the Varieties of Democracy´s (VDEM) measure of political corruption that captures the degree
to which neopatrimonialism, nepotism, and rent-seeking exist within a regime. We discuss the measure in
detail below.
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While finance is undoubtedly necessary for building up a resilient health system
that can handle epidemics and pandemics, it is uncertain that governments really
target monies efficiently for such purposes. An increase in spending on healthcare,
therefore, is only a sufficient but not necessary condition for improved health out-
comes. If the majority of the population in a country do not have access to health-
care despite high expenditures, this might result in a high number of deaths when a
pandemic hits. Regardless, theoretically at least, a government that spends well on
health is likely to be building resilience and capacity of a health system to cope with
a citizenry’s health needs and future contingencies, such as epidemics and
pandemics.

The recent outbreak of the COVID pandemic has highlighted once again, that
high healthcare expenditure need not necessarily reflect better healthcare outcomes.
For example, the US spent twice as much as other high-income economies on
healthcare in 2016, but had lower health outcomes in terms of life expectancy
and infant mortality rates, compared with Organization for Economic
Cooperation and Development (OECD) counterparts (Papanicolas et al. 2018).
Indeed, the US is the only country among the industrialised countries that has
recently seen its life expectancy decline, mostly due to what some term “deaths
of despair,” despite having one of the world’s most expensive healthcare systems,
much of that expense reflecting corporate corruption rather than public goods
(Deaton and Case 2020). Likewise, although health expenditure per person in
the US is US$ 9,237, the highest in the world, the US experienced the largest number
of COVID deaths, 205,666 as of 3 October 2020 (Brink 2017).3 Spending statistics
might hide much that is relevant in such a case, however, because disparities in
healthcare access can influence pandemic outcomes. Chen and Krieger (2020), in
a study of the US, show that the highest COVID-19 death rates were observed
for those living in the most disadvantaged counties in relation to poverty – 19.3
per 100,000, compared to 9.9 per 100,000 in the most economically advantaged
counties (Brink 2017; Chen and Krieger 2020). If a health system reflects inequality
in access, then one might assume that a government’s ability to reach and treat peo-
ple, when crises occur, will remain limited. Similar findings have been documented
for other countries. For example, spending on healthcare per person in the UK, is
US$ 3749, but the UK also experienced a large number of COVID deaths – 42,202
per 100,000 as of 3 October 2020.4 The Intensive Care National Audit and Research
Centre in the UK observed that 35% of approximately 2,000 patients were from
nonwhite backgrounds with lower access to healthcare, although they comprised
only 13% of the total population of the UK (Booth 2020).

Evidence suggests that countries with equal access to healthcare have been more
successful in containing the virus and have experienced fewer deaths (Vadlamannati
et al. 2020). For instance, Thailand, which has moved towards an universal health-
care system, has experienced only 59 deaths as of 3 October 2020, despite spending
only US$ 400 per person on healthcare (Brink 2017). Australia, which has a well-
developed and equitable public health system, has handled the COVID crisis much

3See the WHO’s Corona Virus Disease (COVID-19) dashboard: https://covid19.who.int/?gclid=
EAIaIQobChMI1aKT8JiX7AIVggsrCh3OagOgEAAYASAAEgK4GfD_BwE.

4See the WHO’s Coronavirus Disease Dashboard (footnote 1).

4 Krishna Chaitanya Vadlamannati et al.
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better than many countries in Europe and the US. Thus, rather than spending levels
alone, the infrastructure for accessing people might be critical for reducing the
spread of disease. Bosancianu et al. (2020), however, challenge the use of political
solutions to social problems. They examine the influence of state capacity, political
institutions, political priorities, and social structures to investigate variation in the
ability of countries to deal with the COVID-19 pandemic. They observe that inter-
personal and institutional trusts are consistently positively associated with pan-
demic mortality. In contrast to other studies, they do not find a robust relation
between pandemic mortality and press focused on populist governments,
women-led governments, pandemic preparedness, state capacity, democracy, and
inequality.

Indeed, high health spending could simply be “pork” or wasteful spending
designed to buy political support rather than generate effective public policy.
High healthcare spending could also be spending that reflects high levels of corrup-
tion or a political economy where governance is unresponsive to the needs of ordi-
nary people – corruption kills, particularly the poor and vulnerable (Hanf et al.
2011) – and contingencies for dealing with a crisis is likely to be weak under these
circumstances. It is documented that approximately US$ 455 billion of the US$ 7.35
trillion spent on health care worldwide is lost each year to some form of corruption.5

According to the OECD, a third of their citizens and 45% of citizens globally con-
sider the health sector to be corrupt (OECD 2017). This is because corruption in the
health sector can transpire in various areas including health facility construction, the
purchase of technology and equipment, the purchase of pharmaceuticals, procure-
ment of pharmaceuticals etcetera (Vian 2008). One study reports that 1.6 per cent of
annual deaths of children under 5 globally, which is more than 140,000 deaths,
might be explained in part by corruption (Hanf et al. 2011). The IMF estimates that
infant and child mortality in countries with high levels of corruption are almost
double that of countries with low levels of corruption (Gupta et al. 2000).
Concerns of a comparable nature have been highlighted by a Berlin-based anti-fraud
consulting firm, Nemexis, regarding the recent COVID outbreak. Nemexis finds
that fraud and corruption in healthcare services have contributed to COVID-19-
related deaths in every third country of the 58 countries surveyed (Medcity
News 2020).

Governments typically use spending as a primary tool for addressing health cri-
ses, and spending might indeed have resulted in necessary infrastructures for
addressing epidemics and pandemics. We argue that health spending is likely to
be effective only if healthcare is distributed equitably, or to be specific, more
pro-poor. What matters is not specifically equity per se, but by following pro-poor
strategies, states are likely to have built up health provision capacity by being able to
reach and treat people, or the capacity to access people that are most vulnerable to
catching and spreading disease. We argue, thus, that health spending is only likely to

5National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board on
Health Care Services; Board on Global Health; Committee on Improving the Quality of Health Care
Globally. Crossing the Global Quality Chasm: Improving Health Care Worldwide. Washington (DC):
National Academies Press (US); 2018 Aug 28. 6, The Critical Health Impacts of Corruption. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK535646/
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reduce the impact of COVID when conditioned by an effective health system mea-
sured as equitable access. Similarly, health spending should have the most effective
impact when accompanied by low political corruption. We contribute to the litera-
ture by showing that (1) high healthcare expenditure by the government need not
necessarily lead to better outcomes in terms of COVID deaths unless accompanied
by greater equity in healthcare access, which essentially proxies for health system
capacity and reach; (2) high healthcare expenditures could suggest high levels of
corruption leading to a higher number of COVID deaths. The findings of our study
will have important implications for policy as limited access to health services and
corruption in politics affects all processes and systems in place to fight disease, not
least the trust and confidence in government required of a citizenry.

Data and methods
Model specifications

To examine our theoretical propositions, we utilise a cross-sectional dataset con-
taining 213 countries for which COVID-19 death rates are reported as of 15
June 2021 when we began this study. We estimate:

ln Covid� �c � ϕc � βGHS=GDPc � βZc � λr � ωc (1)

wherein ln (COVID)c captures COVID-19 deaths per million (log) in country c
as of 15 June 2021. The data are sourced from the Worldometer COVID-19 dataset,
which is an ongoing data collection project, manually sourcing real-time informa-
tion on the COVID-19 pandemic from various countries across the world.6 A global
COVID-19 live statistic is generated by analysing, validating, and aggregating the
data collected from various sources.7 The mean value of COVID-19 deaths in
our sample is 608 per million, while the standard deviation is 810 per million, which
shows the wide variation in the way in which this disease has impacted death rates
across countries. The maximum value of deaths is roughly 5649 per million and a
minimum value of 0 per million. Figure 1 captures the COVID-19 deaths per mil-
lion across the world on 15 June 2021. Figure 1 suggests significant variation in the
number of COVID deaths across countries. This figure also reflects the uneven
spread of COVID-19 deaths. Appendix 2 provides a full list of countries with
the number of COVID-19 deaths and deaths per million.

The hypothesis variable denoted GHS/GDPc measures the level of government
spending on healthcare as a share of GDP in country c as the five-year average
before 2019(2014–2018) sourced from the World Bank’s 2020 World
Development Indicators (WDI) online database.8 Average government spending

6For information on methodology adopted in data collection, see: https://www.worldometers.info/
coronavirus/about/

7We choose data fromWorldometer COVID-19 Data over other sources such as the European Centre for
Disease Prevention and Control, the Oxford COVID-19 Government Response Tracker (OxCGRT),
OurWorldInData.org published by Roser et al. (2020) because of its coverage and usage. The COVID data
are available for 210 countries and their data is used by other governments and prominent news outlets, such
as the government of UK, BBC, The New York Times, Financial Times, among others.

8See https://databank.worldbank.org/reports.aspx?source=world-development-indicators&preview=
on#.

6 Krishna Chaitanya Vadlamannati et al.
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on health to GDP in our sample is roughly 3.4% with a minimum value of 0.18%
(Venezuela) and a maximum of 9.22% (Sweden).

The vector of control variables (Zc) includes other potential determinants of
COVID-19 outcomes, based on the literature emerging on the subject (Cepaluni
et al. 2020; Chen and Krieger 2020; Vadlamannati et al. 2020). The list of potential
control variables is long, and we are aware of the trap of “garbage-can models” in
which numerous variables are lumped onto the right-hand side of the equation,
making meaningful interpretation of results difficult (Achen 2005). Therefore,
we adopt a conservative strategy of accounting only for key factors that affect
COVID-19 outcomes and government spending. In robustness checks, we add sev-
eral more control variables. Moreover, given the uneven spread of COVID-19
deaths across countries it is likely that there are many other factors which may
be potentially important but are omitted from our baseline models (e.g. degree
of geographic isolation, ruggedness of the terrain, interconnectivity of populations).
It is, therefore, important that we control for all other potential factors explaining
the variation in COVID deaths in robustness tests.

Accordingly, we include the level of development measured by per capita income
in US$ 2010 constant prices obtained from theWDI. The income level has a bearing
on COVID-19 deaths through its impact on health spending as richer countries will
usually spend more on healthcare. Next, we also include a measure of urbanisation
(percentage share of urban population) as studies show that the transmission of
COVID cases is high in urban centres, and the degree of urbanicity could influence
the degree of health spending. We also control for democracy using the Freedom
House civil rights and political liberties indices as previous studies on COVID-19

Figure 1. COVID-19 deaths per million (log) across the world (15 June 2021).

Journal of Public Policy 7
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find that democratic countries experienced more COVID deaths compared to
nondemocratic countries. Democracies generally also have higher health spending.
We take the average value of the civil rights and political liberties indices to measure
democracy and re-scale them on a 1–7 scale in which a lower value of 1 denotes
complete absence of civil rights and political liberties and vice-versa.9 We also
include a measure of life expectancy at age 60, which reflects the mortality level
of a population in country c sourced from the World Health Organization’s
(WHO) data platform.10 This variable captures the vulnerability of the population
to COVID-19, as elderly populations with comorbidities are less likely to survive the
virus (Jordan et al. 2020). Finally, we also include COVID-19 cases per million (log)
in country c as of 15 June 2021 sourced from the Worldometer COVID-19 dataset.
It is noteworthy that COVIDmortality data depend on the quality of systems of vital
registration. AbouZahr et al. (2021) find significant intercountry variation on
COVID deaths. They highlight the difficulties faced by countries in maintaining
data systems, which require detailed and continuously available mortality statistics.
In order to take this variation into account, we control for COVID-19 cases per
million (log). We also undertake a robustness check where we replace our depen-
dent variable COVID deaths per million (log) with the fatality rate.

It should be noted that we use the previous five-year averages (2014–2018) of
each of these variables (with the exception of COVID cases variable). The descrip-
tive statistics are provided in Appendix 3, and data definitions and sources are pro-
vided in Appendix 4. We use an OLS estimation specification with Huber-White
corrected robust standard errors, a method which is robust to heteroskedasticity
(Wiggins 1999). We also include geographic regional dummies (λr� to account
for the difference in the susceptibility to viruses based on geographic factors.

Endogeneity

It is quite plausible that our measure of government health expenditure is an out-
come rather than the cause of COVID-19. Even though we use the previous five-
year average, COVID-19 might be more deadly where other viruses also have been
more deadly in the past, potentially biasing the result between spending and deaths.
This issue is not trivial because those who argue that government health spending
impacts the response of the system to health pandemics also make causal claims that
health spending by governments is an outcome of health pandemics (Lafortune
2020). Furthermore, government health spending could reflect other factors that
explain COVID-19 outcomes, such as budgetary constraints, state capacity in terms
of administrative efficiency and reach of the healthcare system. To address the prob-
lem of endogeneity, we utilise a two-stage least squares instrumental variable (2SLS-
IV hereafter) estimator including the control variables discussed above, along with
geographic regional dummies. We use two IVs, namely average public sector health

9Using VDEM’s electoral democracy index and the Polity IV index, which are highly correlated with the
Freedom House measure, does not alter our basic results.

10According to the WHO, this variable measures the average number of years a person aged 60 years
could expect to live, if s/he were to pass through life exposed to the sex- and age-specific death rates pre-
vailing at the time of 60 years, for a specific year in country c. See https://www.who.int/data/gho/data/
indicators

8 Krishna Chaitanya Vadlamannati et al.
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spending to GDP of geographic neighbours sharing borders with country c and aver-
age public sector health spending to GDP of countries in the geographic region11 of
country c. The validity of the instruments depends on two conditions. First, they
must pass the instrument relevance test, which is that the selected instruments must
be correlated with the explanatory variable. It is customary to accept instrument
relevance if the joint F-statistic in the first stage regression is above 10 (Bound
et al. 1995). Furthermore, we apply a more powerful test, namely the
Kleibergen-Paap F-statistic, which offers reliable statistical inferences in a weak
instrument setting (Kleibergen and Paap 2006). Once again, the null of weak instru-
ments can be rejected if the F-statistic is above the critical value of 10. Second, the
selected instruments should not differ systematically with the error term in the sec-
ond stage of the equation, i.e. ωit IVitj� � � 0. In other words, the selected instru-
ments should not be correlated with the outcome variable of interest – COVID-19
deaths – except through health spending.

We believe that our instruments satisfy the exclusion restriction based on the
following logic: previous studies find a strong correlation between health spending
of a country and its geographic neighbours (Benos et al. 2019). A rationale for this is
that if neighbouring countries have better health outcomes because of higher spend-
ing on healthcare services, it influences the discourse of the healthcare system in the
country in question and presents an opportunity to learn, if not imitate. Research
suggests that governments of neighbouring countries often coordinate their health
policies to achieve similar goals for their citizens, such as the prevention of conta-
gious diseases (Baltagi et al. 2012; Benos et al. 2019). It should be noted that these
instruments have been used in previous studies on government spending on health
(Filmer and Pritchett 1999; Wagstaff and Claeson 2004; Benos et al. 2019). If a
neighbourhood spillover occurs in health spending, deaths from COVID should
not necessarily be similar due to the spillover across borders, given the restrictions
on travel and other lockdown measures. We find the joint F-statistic from the first
stage rejects the null hypothesis that our selected instruments are not relevant. In
fact, we obtain a higher joint F-statistic and Kleibergen-Paap F-statistic on both esti-
mation models as reported in Table 1, which remain significantly different from
zero at the 1% level.

Interaction effects

Next, we introduce interaction terms to examine whether the effect of government
health spending on COVID-19 deaths is conditional upon (i) an equitable health
system and (ii) the degree of political corruption. We estimate the following condi-
tional equations:

ln Covid� �c � ϕc � β GHS=GDP × equity
� �

c � βGHE=GDPc � βequityc

� βZc � λr � ωc

(2)

11We follow the World Bank classification of geographic regions.
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ln Covid� �c � ϕc � β GHS=GDP × corrp
� �

c � βGHE=GDPc � βcorrpc

� βZc � λr � ωc

(3)

wherein GHS=GDP × equity
� �

c;is the interaction term and equityc measures
the extent of equity in healthcare in country c. The VDEM project12 measures
the degree to which any given country at any given time provides access to adequate
healthcare for the poor that is comparable with the healthcare accessed by the rich.
The VDEM data take into account several aspects of equity to measure the equal
distribution of political power in any given society in terms of gaining access to
the government and to resources that empower people politically and enable people
to participate meaningfully in economic activity (Coppedge et al. 2017). The VDEM
data on equity are generated by asking several country experts to score countries on
the following question, according to the scale below:

To what extent is high-quality basic health guaranteed to all, sufficient to enable
them to exercise their basic rights as adult citizens?

Table 1. Government spending on health and COVID-19 deaths per million (log)

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

Deaths Deaths Deaths Deaths

Government health/GDP 0.233*** 0.233*** 0.237*** 0.291***
(0.0632) (0.0719) (0.0775) (0.101)

Per capita GDP (log) −0.340** −0.352**
(0.169) (0.165)

Urban Population share 0.00941 0.00903
(0.0114) (0.0106)

Democracy index −0.134* −0.152*
(0.0772) (0.0795)

Life expectancy 0.0790 0.0625
(0.0769) (0.0769)

COVID-19 cases per million (log) 0.825*** 0.830***
(0.114) (0.108)

Constant 5.346*** 3.460* 5.688*** 3.885**
(0.484) (1.806) (0.428) (1.800)

Estimator OLS OLS 2SLS-IV 2SLS-IV
Regional Fixed Effects Yes Yes Yes Yes
First-stage F-statistics 55.53*** 25.43***
Kleibergen-Paap rk LM statistic 33.54*** 20.50***
Hansen J-statistic [p-value] 0.336 0.106
No. of countries 178 172 178 172
R-squared 0.498 0.728 0.498 0.727

Note: Standard errors in parenthesis. Statistical significance:
***p< 0.01,
**p< 0.05,
*p< 0.1.

12See: https://www.v-dem.net/en/data/data-version-10/
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0: Extreme. Provision of high-quality basic health is extremely unequal, and at
least 75 per cent (%) of citizens receive such low-quality health that under-
mines their ability to exercise their basic rights as adult citizens.

1: Unequal. Provision of high-quality basic health is extremely unequal, and at
least 25 per cent (%) of citizens receive such low-quality health that under-
mines their ability to exercise their basic rights as adult citizens.

2: Somewhat equal. Basic health is relatively equal in quality but ten to 25 per
cent (%) of citizens receive such low-quality health that undermines their abil-
ity to exercise their basic rights as adult citizens.

3: Relatively equal. Basic health is overall equal in quality but five to ten per
cent (%) of citizens receive such low-quality health that probably undermines
their ability to exercise their basic rights as adult citizens.

4: Equal. Basic health is equal in quality and less than five per cent (%) of citi-
zens receive such low-quality health that probably undermines their ability to
exercise their basic rights as adult citizens.

The VDEM codes health equality by consulting numerous country and regional
experts who make subjective judgements about the level of access of the poorest
segments of society to healthcare compared with the richest segments. These expert
codings are then subject to rigorous scrutiny and testing, using item response theory
that reduces uncertainty in the coding and assigns a single value to each country for
each year (Pemstein et al. 2018). The data are coded as health equality ranging from
−3.99 to �3.16, where higher values capture greater equity. Once again, we use the
five-year average (2014–2018).

In the second interaction model in equation (3), we examine the role of political
corruption (corrpc) on COVID-19 deaths per million (log). Accordingly, we use the
corruption index developed by the VDEM project that measures the degree of polit-
ical corruption within a regime, assessed as the prevalence of neopatrimonial and
clientelist tendencies within the regime taken as a whole (executive embezzlements,
executive bribes, legislature and judiciary) and corruption specific to the public sec-
tor (McMann et al. 2016). The corruption indicators are based on country experts
who answer a specific question on corruption, which is:

To what extent do political actors use political office for private or political gain?

The expert coding is then subjected to rigorous Bayesian factor analysis, namely
item response theory, for minimising intercoder bias and increasing reliability.
According to VDEM, regime corruption is defined in the following manner.

In systems of neopatrimonial rule, politicians use their offices for private and/
or political gain. This index relates closely to V-Dem’s political corruption
index (v2x_corr) but focuses on a more specific set of actors – those who
occupy political offices – and a more specific set of corrupt acts that relate more
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closely to the conceptualisation of corruption in literature on neopatrimonial
rule (VDEM 2019, 274).

The corruption index is coded on a 0–1 scale where a higher score denotes more
regime corruption and vice-versa. As before, we use the five-year average of this
index (2014–2018). Again, we employ the OLS estimator robust to heteroskedastic-
ity including the geographic regional fixed effects to estimate equation (2) and (3).
We generate marginal plots to assess the interaction effects and their significance
(Brambor et al. 2006).13

Empirical results
Table 1 reports the impact of government spending on health on COVID-19 deaths.
While columns 1–2 show the results estimated with OLS with basic control variables
and controlling for geographic regional dummies, columns 3–4 present findings
using the 2SLS-IV estimator to address endogeneity concerns. Finally, Table 2
presents the results of the interaction effects. As seen in column 1, Table 1, a higher
share of government spending on health per GDP has a positive effect on COVID-
19 deaths, which is significantly different from zero at the 1% level.

Substantively, a standard deviation increase in the spending share in health
increases COVID deaths per million (log) by roughly 22% of a standard deviation
of deaths per million. This effect is not inconsequential because it suggests that an
additional 40.4 individuals per million die for each percentage increase in health
spending. In column 2, when we enter the controls, the positive and statistically
significant effect of government spending holds, albeit at the 5% level of significance.
The substantive effects are reduced only slightly. These results suggest that govern-
ment spending on healthcare has had the opposite effect of cushioning the pan-
demic. With respect to the control variables, only urban population share shows
a positive and significant effect on COVID-19 deaths, consistent with the findings
of others (Chen and Krieger 2020). The results are robust across the columns in
Table 1. Interestingly, while income per capita and the level of democracy remain
statistically not significant, urbanisation and life expectancy over the age of 60
remain significantly different from zero at the conventional levels of statistical sig-
nificance. As expected, a higher life expectancy is not associated with an increase in
COVID deaths. Urbanisation on the other hand increases deaths from COVID-19.

In columns 3–4, we present the IV estimations. We correct for endogeneity of
health spending and deaths using two IVs. While column 3 reports the results of
COVID-19 deaths without any controls, column 4 includes the other control var-
iables. There are three observations that can be drawn from these results. First, the
IV estimation results for government spending on healthcare to GDP on COVID-19
deaths per million in columns 3–4 are similar to those reported in our baseline esti-
mates in columns 1–2. The positive and statistically significant effect of health
spending to GDP on COVID-19 deaths remains after controlling for endogeneity
concerns. Second, the substantive impact after instrumenting for spending remains

13The replication data and materials are available for download at: https://dataverse.harvard.edu/
dataverse/JPublicPolicy/
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similar to the results in columns 1–2 estimated using OLS. Holding the controls
constant, a standard deviation increase in government spending on health to
GDP is associated with an increase in COVID deaths per million (log) by 23%
of a standard deviation of COVID deaths (log). The instrumented effects are
roughly similar as the impact of the standard linear regression effects (column
2). This suggests that our basic results may not reflect endogeneity bias, i.e. from
omitted variables or reverse causality. Thirdly, note that the additional statistics pro-
vided below in columns 3–4 suggest that the selected instruments are valid. The
joint F-statistic from the first stage rejects the null that the instruments selected
are not relevant. In fact, we obtained a higher joint F-statistic and Kleibergen-
Paap F-statistic on both estimation models reported in columns 3–4, which remain
significantly different from zero at the 1% level. Moreover, we employ the Hansen
J-test to assess whether the selected instruments satisfy the exclusion restriction cri-
teria (Hansen 1982). The Hansen J-statistic shows that the null of exogeneity cannot
be rejected at the conventional level of significance in the 2SLS-IV models, suggest-
ing that our instruments pass the instrument exclusion criteria. Taken together, our
results on the impact of government spending on health to GDP remain robust to

Table 2. Conditional effects of health spending on COVID-19 deaths per million (log)

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

Deaths Deaths Deaths Deaths

Government health/GDP X Health care Equity −0.0841** −0.0182
(0.0407) (0.0284)

Health care Equity 0.128 −0.275*
(0.180) (0.146)

Government health/GDP X Corruption 0.384** 0.0896
(0.176) (0.136)

Corruption −1.016 1.065
(0.877) (0.746)

Government health/GDP 0.337*** 0.208*** 0.0692 0.145*
(0.0995) (0.0709) (0.0948) (0.0859)

Per capita GDP (log) −0.00126 −0.00525
(0.164) (0.178)

Urban Population share −0.00244 −0.00448
(0.00744) (0.00763)

Democracy index −0.102 −0.108
(0.0645) (0.0675)

Life expectancy 0.200*** 0.250***
(0.0685) (0.0812)

COVID-19 cases per million (log) 0.793*** 0.774***
(0.101) (0.108)

Constant 5.857*** 0.828 6.414*** 0.188
(0.410) (1.355) (0.584) (1.552)

Estimator OLS OLS OLS OLS
Regional Fixed Effects Yes Yes Yes Yes
No. of countries 165 164 165 164
R-squared 0.602 0.799 0.601 0.795

Note: Standard errors in parenthesis. Statistical significance:
***p< 0.01,
**p< 0.05,
*p< 0.1.
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alternative estimation techniques and potential endogeneity. The results for the con-
trol variables are roughly the same as those reported in columns 1–2.

In Table 2, we introduce the interaction terms between government spending on
health to GDP and health equity and the level of corruption.

In columns 1–2, we show the conditional effects of healthcare spending share in
GDP and equitable access to healthcare index, while columns 3–4 report the interaction
effects for healthcare spending and regime corruption on COVID-19 deaths per million.
As seen in column 1, without any controls, the interaction term is negative and statisti-
cally significant at the 5% level. The interaction term continues to be statistically signifi-
cant at the 5% level in column 2 when we include other control variables. Interestingly,
healthcare spending to GDP on its own, i.e. when the health equity index is 0, has a
positive and statistically significant effect on COVID-19 deaths per million as estimated
in Table 1. It is also interesting to note that the access to healthcare equity index on its
own, when health spending/GDP is 0, has a negative effect on COVID-19 deaths per
million. This is not surprising and is in line with previous studies showing the impor-
tance of equitable access to health care for reducing COVID death (Vadlamannati et al.
2020). It seems that the capacity to reach and treat captured by equitable access matters
more than just the financing power of health spending.

The interpretation of the interaction terms even in linear models is not straight-
forward. Consequently, a simple t-test on the coefficient of the interaction term is
not sufficient to examine whether the interaction term is statistically significant (Ai
and Norton 2003). We rely on margins plots which depict the magnitude of the
interaction effect and their significance levels along the scale of the conditioning
variable, given increases in the x variable of interest.

To calculate the marginal effect of government health spending to GDP on
COVID-19 deaths, we consider both the conditioning variable (healthcare equity
index) and the interaction term and display graphically the total marginal effect
conditional on healthcare equity coded on a scale of −3.99 and 3.16. The y-axis
of Figure 2 displays the marginal effect of government spending on health/GDP.
The marginal effect is evaluated on the healthcare equity index on the x-axis.
Note that we include the 90% confidence interval.

As seen in Figure 2, and in line with our theoretical expectations, government
spending on health to GDP actually reduces the COVID-19 deaths per million when
the healthcare equity index increases from −3.99 to 3.16. For instance, the marginal
effects suggest that government spending on health to GDP is associated with an
increase in COVID-19 death per million (log) by only 16%when the healthcare equity
index is at a score of 2, i.e. compared to 53% in a country where access to health in
completely unequal. This result is significantly different from zero at the 5% level.
These results suggest that countries with a robust health system and equal access
to health care have a higher capacity to deal with a pandemic. In other words, gov-
ernment spending on healthcare could generate positive outcomes if such expenditure
goes towards improving equity and greater access to healthcare facilities for its citi-
zens, or in other words, increase capacity to reach and treat people.

We turn next to the conditional effect of healthcare spending and corruption
presented in column 3–4. The interaction term is positive and significant, suggesting
that higher healthcare spending conditional on increasing corruption results in
increased death from COVID-19. Once again, we examine the margins plot for a

14 Krishna Chaitanya Vadlamannati et al.
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graphical interpretation of the magnitude of the interaction effect. On the y-axis of
Figure 3, we show the marginal effect of an additional increase in a unit of the health
spending to GDP, whereas the x-axis shows the regime corruption index at which
the marginal effect is evaluated. As before, we include the 90% confidence interval in
Figure 3.

The conditional plot in Figure 3 reveals that an additional unit of healthcare
spending to GDP increases COVID-19 deaths per million (log) when the corruption
index is above 0.2 (on the scale of 0-1). For instance, health spending increases
COVID-19 deaths per million (log) by 30% when corruption is very high (i.e. an
index score of 1), which is statistically significant at the 5% level. Once again,
the gains realised in the fight against COVID-19, as shown in Figures 2 and 3, occur
not when government spending on healthcare is high, but when accompanied by
greater access to healthcare and low regime corruption. Overall, our results from
the interaction effects suggest that the negative effect on COVID-19 deaths largely
accruing from the “structural effect” of having a robust health system, i.e. the ques-
tion of capacity and reach rather than mere spending on healthcare by governments.
In a way, our results are also in line with those who argue that the unequal burden of
the COVID-19 pandemic in countries might be traced to dilapidating public health
infrastructure and inequitable access (Quinn and Kumar 2014; Chen and Krieger
2020; Van Dorn et al. 2020). Also, fighting disease might need all of government
effort, such as reduced corruption, and not simply increased spending.

Figure 2. Government health spending, health care equality & marginal effect on COVID-19 deaths
(per Mn).
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Robustness checks

We examine the robustness of our findings in several ways. We report the regression
result Tables and Figures on all robustness tests in an online appendix. First, to provide
more credence to our analysis, we assess if our results hold up if we examine COVID-19
deaths over time. However, given the cross-sectional nature of our data, we intend to
examine if the relationship between our main variable of interest and COVID-19 deaths
hold by considering one other data point in time.We use COVID-19 deaths per million
(log) from July 2020, which is roughly a year prior to the current observation we use in
our main analysis in Tables 1 and 2. We re-estimate our baseline estimates with the
earlier death count including in the IV estimations and the interaction models reported
in Tables 1 and 2. We report these results in Table A in the online appendix (see sup-
plementary file). Our main results remain robust to using COVID-19 deaths from the
previous year. While the coefficient values are lower, the relationship remains robust.
The margin plots capturing the conditional effect of health care equity and corruption
are reported in Figures A and B. These results remain similar to those reported in our
main estimations. Second, we use an alternate dependent variable instead of COVID
deaths, since some scholars argue that mortality data are contingent upon the quality
of systems of registration and could be under-reported by some countries (Beaney et al.
2020). The quality of reporting systems, however, does not always correlate with the
quality of COVID testing data, which form the basis for data on mortality numbers
(Baccini et al. 2021). We use COVID-19 fatality rate data instead of COVID deaths
per million as an alternative dependent variable to test the robustness of our findings.
Furthermore, the fatality rate might better reflect the performance of healthcare systems
compared with deaths per capita. While the mean value of the fatality rate is about 2%,

Figure 3. Government health spending, corruption & marginal effect on COVID-19 deaths (per Mn).
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themaximum value is 19.7% in our sample. Our results using the fatality rate is reported
in Table B and Figure C and D capturing conditional effects (online appendix). The
results, once again, remain robust to using the fatality rate as a dependent variable.
It is noteworthy that these results are robust to using IV estimations and that we obtain
a higher joint F-statistic and Kleibergen-Paap F-statistic with these alternative
estimations.

Next, we use alternative operationalisations of the health spending measures. We
replace health spending as a share of GDP with per capita health spending (log) mea-
sure. The denominator, GDP, which is somewhat volatile, might affect the share of
health spending even though we use the 5-year average. Our results are displayed in
Table C (Figure E and F, conditional plots) of the online appendix, and they remain
robust to using the health spending per capita (log) measure. The IV estimations and
conditional effects reflect our baseline results in Tables 1 and 2. Our results are not
sensitive to how we operationalise our main independent variable of interest.

Fourth, we include a range of other variables into the model to control for impor-
tant omissions from our baseline models. Accordingly, we include a dummy variable
capturing countries which are classified as highly indebted by the World Bank. This
variable takes the value 1 if debt is over 50% of GDP and 0 otherwise. The data are
sourced from the World Bank (2020)WDI. We also include a measure of trade open-
ness (total trade to GDP log) capturing the interconnectivity of business sourced from
the WDI (2020). We also capture interconnectivity of people using international air
travel passengers (log) of each country during last 5 years (average) sourced from the
WDI (2020). We also include two dummy variables capturing island nations and
whether or not a country is tropical to control for the degree of geographical isolation
and climatic conditions. We also include a measure of ruggedness of the terrain using
the terrain ruggedness index, 100m (log) developed by Nunn and Puga (2012). We
also create a dummy variable using information from theWHO (2003) to capture the
extent to which a country was affected by the previous SARS pandemic during the
2002–2004 period. This variable is expected to capture previous experience of dealing
and preparing for pandemics. Lastly, we include the COVID-19 vaccination rate mea-
sured as a percentage of the population that is fully vaccinated, sourced from Basta
and Moodie (2020), to control for the effect of vaccinations on COVID outcomes.
New research suggests that vaccine deployment reduces new COVID-19 infections
(Deb et al. 2021). The results are reported in Table D (conditional plots in Figures
G and H). The inclusion of these controls in alternative models makes little difference
to the basic results reported in Tables 1 and 2.

Fifth, we use alternative instruments, namely CO2 emissions per capita (log).
Previous studies show that CO2 emissions significantly increase healthcare expen-
ditures (Ullah et al. 2019; Gündüz 2020). Our results remain robust to using these
alternative instruments. These variables pass the instrument relevance test with joint
F-statistics above the threshold of 10. Finally, we use the Global Health Security
(GHS) index developed by Bell and Nuzzo (2021) from Johns Hopkins as our main
variable of interest to estimate all our baseline models (including the interaction
models).14 Our results are presented in Table F in the online appendix. The results
remain robust when utilising the GHS, which seems to correspond very well with

14Note that the correlation between GHS and our health spending measure is high at r= 0.70.
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the size of health budgets. Thus, one might suggest that higher spending in societies
with equitable health access and lower corruption might even serve well as a mea-
sure of health security capacity that can be used to measure preparedness for facing
future crises. Preparedness indices based simply on the size of budgets are likely to
provide a biased picture.

Conclusion
Governments across the world have committed to spending on health as a way to
deal with the COVID pandemic, presumably to build resilience against any such
future pandemic. Global financial institutions are making available vast amounts
of money for alleviating the pain from COVID-related economic and social crises.
While spending is a primary tool for governments to address crises, such as health
crises, it is not at all certain that money alone matters in terms of effecting favour-
able outcomes (Lindert 2021). Our results show that higher levels of public spending
on health in the past have not cushioned societies from the worst outcomes of the
COVID-19 pandemic. Indeed, higher spending on average in the 5 years prior to
2020 has resulted in higher COVID-19 deaths per million, controlling for a host of
relevant factors, including employing an IV approach for addressing potential endoge-
neity. Compared to spending, having an equitable health system seems to matter nega-
tively on death, suggesting that what matters is having an infrastructure capable of
reaching and treating people, or conducting effective public action for preventing
the spread of the virus among the truly vulnerable. Conditionally, higher spending
seems to matter for reducing deaths only among societies with equitable health access
as is higher spending accompanied by lower regime corruption. Our results are in con-
trast to that of Bosancianu et al. (2020), who find that state capacity does not influence
COVID mortality, in so far as corruption and equity relate also to state capacity.

International and local policies aimed at building resilient health systems against
future pandemics might do well to focus less on quantities spent than on the details of
building equitable systems that allow greater access, paying attention to questions of
governance and targeted ways in which viruses might be combated. If issues of gov-
ernance and equity are not addressed, they would place an increasing burden on those
from lower-income groups, further aggravating inequalities and health outcomes in
the future. Even democratic societies might not object too greatly to frivolous spend-
ing and may focus more on other priorities over health, which means that more tar-
geted mechanisms would have to be deployed for transforming public health
spending towards delivering more effective health systems. Finally, studies also show
that a country’s ability to deal with crises could depend on the level of government
involved in making the decision (Treisman 2002; Kumar and Prakash 2017;
Bosancianu et al. 2020). According to these studies, decentralisation improves health
service provision by increasing accountability. The difficulty in obtaining data at the
sub-national level precludes us from capturing the level of government responsible for
allocating health service expenditures. We believe this could be a line of inquiry for
future research as more disaggregated data become available.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.
1017/S0143814X22000216.
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Appendix 1. List of countries

Afghanistan Denmark Kuwait Romania
Albania Djibouti Kyrgyzstan Russia
Algeria Dominica Laos Rwanda
Andorra Dominican Republic Latvia Saint Kitts and Nevis
Angola Ecuador Lebanon Saint Lucia
Anguilla Egypt Lesotho Saint Martin
Antigua and Barbuda El Salvador Liberia Saint Pierre Miquelon
Argentina Equatorial Guinea Libya San Marino
Armenia Eritrea Liechtenstein Sao Tome and Principe
Aruba Estonia Lithuania Saudi Arabia
Australia Eswatini Luxembourg Senegal
Austria Ethiopia Macao Serbia
Azerbaijan Faeroe Islands Madagascar Seychelles
Bahamas Falkland Islands Malawi Sierra Leone
Bahrain Fiji Malaysia Singapore
Bangladesh Finland Maldives Sint Maarten
Barbados France Mali Slovakia
Belarus French Guiana Malta Slovenia
Belgium French Polynesia Martinique Solomon Islands
Belize Gabon Mauritania Somalia
Benin Gambia Mauritius South Africa
Bermuda Georgia Mayotte South Korea
Bhutan Germany Mexico South Sudan
Bolivia Ghana Moldova Spain
Bosnia and Herzegovina Gibraltar Monaco Sri Lanka
Botswana Greece Mongolia St. Barth
Brazil Greenland Montenegro St. Vincent Grenadines
British Virgin Islands Grenada Montserrat Sudan
Brunei Guadeloupe Morocco Suriname
Bulgaria Guatemala Mozambique Sweden
Burkina Faso Guinea Myanmar Switzerland
Burundi Guinea-Bissau Namibia Syria
Cabo Verde Guyana Nepal Taiwan
Cambodia Haiti Netherlands Tajikistan
Cameroon Honduras New Caledonia Tanzania
Canada Hong Kong New Zealand Thailand
Caribbean Netherlands Hungary Nicaragua Timor-Leste
Cayman Islands Iceland Niger Togo
Central African Republic India Nigeria Trinidad and Tobago
Chad Indonesia North Macedonia Tunisia
Channel Islands Iran Norway Turkey
Chile Iraq Oman Turks and Caicos
China Ireland Pakistan UAE
Colombia Isle of Man Palestine Uganda
Comoros Israel Panama UK
Congo, Dem. Rep. Italy Papua New Guinea Ukraine
Congo, Rep. Ivory Coast Paraguay Uruguay
Costa Rica Jamaica Peru US
Croatia Japan Philippines Uzbekistan
Cuba Jordan Poland Venezuela
Curaçao Kazakhstan Portugal Vietnam
Cyprus Kenya Qatar Yemen
Czechia Kosovo Réunion Zambia

Zimbabwe
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Appendix 2. COVID-19 deaths by countries as of 15 June 2021

country Deaths
Deaths
per mn country Deaths

Deaths
per mn country Deaths

Deaths
per mn

Afghanistan 3683 93 Cayman
Islands

17 643 Germany 90,475 1077

Albania 2453 853 Central
African
Republic

2 30 Ghana 789 25

Algeria 3571 80 Chad 174 10 Gibraltar 94 2791
Andorra 127 1641 Channel

Islands
86 490 Greece 12,437 1199

Angola 831 25 Chile 30,707 1593 Greenland 0
Anguilla 0 China 4636 3 Grenada 1 9
Antigua and

Barbuda
42 426 Colombia 95,778 1863 Guadeloupe 225 562

Argentina 85,343 1872 Comoros 146 165 Guatemala 8455 464
Armenia 4488 1512 Congo, Dem.

Rep.
160 28 Guinea 167 12

Aruba 107 998 Congo, Rep. 4322 841 Guinea-
Bissau

69 34

Australia 910 35 Costa Rica 8152 1997 Guyana 426 539
Austria 10,662 1177 Croatia 1098 97 Haiti 352 31
Azerbaijan 4955 485 Cuba 123 747 Honduras 6631 660
Bahamas 236 595 Curaçao 373 307 Hong Kong 210 28
Bahrain 1221 695 Cyprus 30,226 2818 Hungary 29,925 3105
Bangladesh 13,172 79 Czechia 2526 435 Iceland 30 87
Barbados 47 163 Denmark 154 154 India 375,185 269
Belarus 2987 316 Djibouti 0 Indonesia 53,116 192
Belgium 25,088 2156 Dominica 3708 339 Iran 82,217 967
Belize 325 804 Dominican

Republic
846 9 Iraq 16,736 407

Benin 102 8 Ecuador 21,048 1176 Ireland 4941 990
Bermuda 33 532 Egypt 15,623 150 Isle of Man 29 339
Bhutan 1 1 El Salvador 2299 353 Israel 6430 689
Bolivia 15,542 1314 Equatorial

Guinea
120 83 Italy 127,038 2104

Bosnia and
Herzegovina

9495 2911 Eritrea 16 4 Ivory Coast 306 11

Botswana 896 374 Estonia 1266 954 Jamaica 1011 340
Brazil 487,476 2278 Eswatini 676 577 Japan 14,071 112
British Virgin

Islands
1 33 Ethiopia 4242 36 Jordan 9602 932

Brunei 3 7 Faeroe
Islands

1 20 Kazakhstan 4171 220

Bulgaria 17,900 2595 Falkland
Islands

0 Kenya 3421 62

Burkina Faso 167 8 Fiji 4 4 Kosovo 122
Burundi 8 0.7 Finland 964 174 Kuwait 1820 420
Cabo Verde 275 490 France 110,420 1688 Kyrgyzstan 1899 287
Cambodia 348 21 French

Guiana
133 435 Laos 3 0.4

Cameroon 1310 48 French
Polynesia

142 503 Latvia 2456 1316

Canada 25,931 681 Gabon 156 69 Lebanon 7798 1147
Caribbean

Netherlands
98 20 Gambia 180 73 Lesotho 326 151

(Continued)
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(Continued )

country Deaths
Deaths
per mn country Deaths

Deaths
per mn country Deaths

Deaths
per mn

Liberia 93 18 Palestine 3539 679 Sudan 2732 61
Libya 3165 455 Panama 6444 1472 Suriname 404 683
Liechtenstein 59 1543 Papua New

Guinea
165 18 Sweden 14,537 1431

Lithuania 4342 1616 Paraguay 10,834 1501 Switzerland 10,859 1246
Luxembourg 818 1287 Peru 188,708 5649 Syria 1810 101
Macao 0 0 Philippines 22,845 206 Taiwan 452 19
Madagascar 889 31 Poland 74,574 1972 Tajikistan 90 9
Malawi 1159 59 Portugal 17,047 1676 Tanzania 21 0.3
Malaysia 3968 121 Qatar 579 206 Thailand 1466 21
Maldives 197 358 Réunion 212 235 Timor-Leste 18 13
Mali 523 25 Romania 31,861 1667 Togo 126 15
Malta 419 947 Russia 126,801 869 Trinidad and

Tobago
670 477

Martinique 98 261 Rwanda 370 28 Tunisia 13,515 1132
Mauritania 475 100 Saint Kitts

and Nevis
0 Turkey 48,721 572

Mauritius 18 14 Saint Lucia 80 434 Turks and
Caicos

18 459

Mayotte 173 620 Saint Martin 12 305 UAE 1730 173
Mexico 230,148 1767 Saint Pierre

Miquelon
0 Uganda 434 9

Moldova 6154 1529 San Marino 90 2647 UK 127,904 1875
Monaco 33 835 Sao Tome

and
Principe

37 166 Ukraine 51,692 1189

Mongolia 369 111 Saudi Arabia 7590 215 Uruguay 4995 1433
Montenegro 1602 2550 Senegal 1154 67 US 615,079 1848
Montserrat 1 200 Serbia 6962 800 Uzbekistan 708 21
Morocco 9213 247 Seychelles 46 465 Venezuela 2829 100
Mozambique 841 26 Sierra Leone 82 10 Vietnam 59 0.6
Myanmar 3248 59 Singapore 34 6 Yemen 1349 44
Namibia 995 385 Sint Maarten 31 715 Zambia 1416 75
Nepal 8465 286 Slovakia 12,441 2278 Zimbabwe 1632 108
Netherlands 17,714 1032 Slovenia 4406 2119
New

Caledonia
0 0 Solomon

Islands
0 0

New Zealand 26 5 Somalia 774 47
Nicaragua 188 28 South Africa 57,765 962
Niger 192 8 South Korea 1988 39
Nigeria 2117 10 South Sudan 115 10
North

Macedonia
5472 2627 Spain 80,501 1721

Norway 789 144 Sri Lanka 2136 99
Oman 2532 484 St. Barth 1 101
Pakistan 21,723 97 St. Vincent

Grenadines
12 108

Source: https://www.worldometers.info.
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Appendix 3. Descriptive statistics

Variables Mean Standard Deviation Minimum Maximum Observations

COVID-19 Deaths per million 608.72 810.46 0.00 5649.00 213
COVID-19 Deaths per million (log) 4.93 2.31 −1.20 8.64 213
Government health/GDP 3.42 2.19 0.19 10.47 178
Health care Equity 0.47 1.51 −3.17 3.00 172
Per capita GDP (log) 8.74 1.53 5.44 12.08 192
Urban Population share 59.48 23.65 11.80 100.00 201
Democracy index 4.55 2.01 1.00 7.00 185
Life expectancy 19.79 3.00 13.35 26.39 181
COVID-19 cases per million (log) 7.74 1.76 1.30 11.70 212
Neighbour Government health/GDP 0.51 0.31 0.01 0.97 172
Corruption 3.64 2.18 0.79 8.96 183
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Appendix 4. Data sources and definitions

Variables Data definition and sources

COVID-19 deaths per
million (log)

Number of COVID-19 deaths per million (log) recorded for country c as on
15 June 2021 by The Worldometer COVID-19 Data, sourced from https://
www.worldometers.info/coronavirus/#countries

Government health/GDP Average government spending on health care to its GDP in each country for
2014–2018 years sourced from the World Development Indicators 2019,
World Bank.

Health equity index VDEM health equality index measures high-quality basic health guaranteed
to all, sufficient to enable them to exercise their basic rights as adult citi-
zens. The index ranges from −3 to �3, wherein higher value capture
basic health is equal in quality and less than five per cent (%) of citizens
receive low-quality health that probably undermines their ability to exer-
cise their basic rights as adult citizens. We use Five-year average of this
index for 2014–2018 years.

Per capita GDP (log) Average of GDP per capita (log) for 2014–2018 years measured in US$ 2010
constant prices sourced from the World Development Indicators 2019,
World Bank.

Urbanisation Five-year average of percentage share of urban population for 2014–2018
years sourced from the World Development Indicators 2019, World Bank.

Democracy index We use the Freedom House index of civil and political liberties wherein we
take the average of both indices and re-scale them on 0–1 range wherein
higher value denote higher levels of civil and political liberties and we
use five-year average of this index for 2014–2018 years.

Life expectancy The average number of years a person aged 60 years could expect to live,
if s/he were to pass through life exposed to the sex- and age-specific
death rates prevailing at the time of 60 years, for a specific year in each
country.

COVID-19 cases per mil-
lion (log)

Number of COVID-19 cases per million (log) recorded for country c as on 15
June 2021 by The Worldometer COVID-19 Data, sourced from https://
www.worldometers.info/coronavirus/#countries

Corruption index Measure the degree of corruption within a regime using a sub-set of indica-
tors namely, executive embezzlements, executive bribes, legislature and
judiciary and corruption in public sector. Using Bayesian factor analysis
an index is constructed which is coded on 0–1 scale in which a higher
score denotes more regime corruption and vice-versa. We use five-year
average of this index for 2014–2018 years.
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