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Abstract

Background: Hofstede’'s Culture Dimensions (HCD) are the most prevalent metrics with which social scientists distinguish
cultural differences between countries. In this study, we examine the relationships between HCD and the COVID-19 pandemic.
In particular, we investigate how differences in COVID-19 infection, death and recovery between countries correlate with
differencesin individualism (IDV), indulgence (IVR) and power distance index (PDI).

Objective: The paper explores the relationship between certain Hofstede’ s Culture Dimensions and COVID-19 statistics.
M ethods: We used multiple linear regressions to interpret statistical and economic significances.

Results: IDV is found to be significantly associated with death rate and recovery rate globally, while VR and PDI do not seem
to be significantly relevant. None of the three dimensions are significantly related to the global infection rate.

Conclusions: These results have implications for the design of public health campaigns on preventing COVID-19 infection and

compliance with vaccination campaigns. Some practical strategies have been proposed for public health officials to help mitigate
COVID 19 spread. Clinical Trial: Not applicable
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Culture and COVID-19 Casualties: Public Health Through the Lens of
Hofstede’s Cultural Dimensions

Abstract
Background

Hofstede’s Culture Dimensions (HCD) are the most prevalent metrics with which social
scientists distinguish cultural differences between countries. In this study, we examine the
relationships between HCD and the COVID-19 pandemic. In particular, we investigate how
differences in COVID-19 infection, death and recovery between countries correlate with differences
in individualism (IDV), indulgence (IVR) and power distance index (PDI).

Method

We used multiple linear regressions to interpret statistical and economic significances.
Results

IDV is found to be significantly associated with death rate and recovery rate globally, while
IVR and PDI do not seem to be significantly relevant. None of the three dimensions are significantly
related to the global infection rate.
Conclusions

These results have implications for the design of public health campaigns on preventing
COVID-19 infection and compliance with vaccination campaigns. Some practical strategies have

been proposed for public health officials to help mitigate COVID 19 spread.
Key Words: Hofstede’s Cultural Dimensions; COVID-19; coronavirus; pandemic; culture and

infectious disease

JEL Classification: 112; 118
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2. Introduction

There is ample literature on the relationship between infectious disease and natural factors
such as environmental conditions, biological bases and comorbidities. Few studies investigate
sociological or economic attributes, and even fewer attempt to relate pandemics to culture
dimensions. This paper aims to fill the gap by linking spread of the ongoing COVID-19 pandemic to
social factors proxied by the Geert Hofstede’s Culture Dimensions (HCD) that include PDI, IVR and
IDV [24].

COVID-19 has spread globally and evolved into a pandemic with far-reaching impacts. The

Coronavirus Resource Center of John Hopkins University of Medicine reports over 45 million
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confirmed infection cases worldwide and over one million deaths as of October 2020 (JHU 2020),
and these figures may be underestimates (Vogel 2020) [17, 46]. The recommended safety policies
result in social isolation and significant national, organizational and individual economic disruption.
According to IMF, the global growth suffers 3% decrease in 2020; The International Labor
Organization estimates a wipeout of 6.7% working hours in the second quarter this year, which
equals 195 million full-time workers, and the estimated unemployment number is 30 million, in
comparison to 25 million during the 2008 financial crisis [25, 48]. The cumulative GDP loss globally
over 2020 and 2021 from this pandemic could amount to around 9 trillion dollars, although there is a
projected global growth of 5.8% next year [22]. Other social issues include increased bankruptcies
and unemployment rate. Wang, Yang, Iverson and Kluender (2020) find that Chapter 11 filing, a
form of bankruptcy record, has increased almost by 200% from large corporations, from January to
August this year, as compared to last year [47]. Meanwhile, the data from U.S. Bureau of Labor
Statistics shows that the civilian unemployment rate nationwide has been going up significantly since
March, peaking at around 15% one month later this year [14]. It is reported that public health
cooperation at global level can effectively alleviate such issues, yet due to conflicted interests,
politicians keep ignoring possible cooperation and intensifies contradictions among countries
(McKibbin and Fernando 2020) [32].

Recovery from a pandemic is accelerated by compliance with protocols recommended by
public health authorities such as the World Health Organization, the Centers for Disease Control and
Prevention, and the relevant institutes with the National Institutes of Health. However, culture
influences compliance, which is why pandemic “hot spots” are often localized regions that are
culturally homogeneous and culturally different from their surroundings, ie, geographies whose
health and cultural measures are easily segmented from their surroundings. Acknowledging this,
public health researchers are realizing the importance of accounting for culture in public health

campaigns (Munodawafa, Ford, Oni, & Agyemang, 2020; Van Bavel et al, 2020) [1, 8]. But how do
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we measure culture?

Geert Hofstede’s seminal work of culture (Hofstede 1984) has become the most prevalent
model among social scientists evaluating cultural dependencies. HCD uses six constructs with values
ranging from 1 to 100 to describe culture (Hofstede, Hofstede, & Minkov, 2010): Power Distance
Index (PDI), Individualism vs Collectivism (IDV), Masculinity vs. Femininity (MAS), Uncertainty
Avoidance (UAI), Long Term Orientation vs. Short Term Normative Orientation (LTO) and
Indulgence vs Restraint (IVR).

By example, the Global Entrepreneurship Monitor uses HCD to evaluate the state of
entrepreneurship in countries across the world (150,000 participants in 50 economies). Since 1998,
policy makers use the annual GEM data to advance the regional economic impact of
entrepreneurship (Bosma et al, 2020) [11]. In general, cultures with high individualism and low
uncertainty avoidance exhibit the strongest entrepreneurial activity (Mueller and Thomas, 2001) [35].

While HCD is most frequently used in economic studies, we propose that it might also
provide insight into the impact of culture on compliance with public health recommendations and
help explain disparities between the COVID-19 statistics of different countries. In particular, we
investigate how PDI, IDV and IVR of a country correlate with the country’s COVID-19 infection
rate, death rate and recovery rate.

Our contribution to the literature is twofold. First, this study bridges the gap between culture
literature and pandemic research, as there are few works exploring how culture and pandemic
response are related, and none that use the HCD so common in the economic research. We also find
moderate to strong correlations among some Hofstede dimensions and COVID-19 national health
statistics.

Second, the study has social, policy and economic implications. The study informs policy
makers on their country’s cultural attributes that impact compliance. Just as policy makers use the

HCD to tailor economic policy, public health officials can also use HCD to tailor public health
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campaigns. The goal is similar in both cases: increase participation and compliance with
recommendations that appeal to regional culture.

We find that IDV and death rate are positively related. While people with higher IDV may
experience more “freedom” by not caring about anyone’s health but their own, this freedom comes
with higher regional mortality rate. As the world enters a third wave of COVID-19 casualties, there is
both fatigue with the pandemic and a call for increased sacrifice, especially for Americans to come to
terms with their individualism that appears unsuitable for pandemic response (O’Rourke 2020) [36].
In addition to saving lives, Thunstrém et al (2020) estimate the benefits of effective social distancing
are worth $5.16 trillion for the U.S., which accounts for more than 24% of its GPD last year [42].

The remainder of the paper is organized as follows. Section 2 conducts literature review and
develops our hypotheses. Section 3 describes our data and summary statistics. Section 4 presents the

empirical results, Section 5 shows the robustness checks, and Section 6 concludes.

3. Literature Review and Hypothesis Development

3.1 Literature Review
Even though the extant research does not relate public health COVID-19 response with a

standardized culture model, it inspires our hypothesis development. Baniamin et al (2020) reported
that culture difference is a contributing factor in the severity of COVID-19, and countries with
sociable cultures such as Italy and Spain suffer more in this pandemic, while it is easier for Japan to
adopt social distancing due to the lack of close contact in Japanese culture [6]. It is also not
surprising that East Asian culture emphasizes collectivism, for which infringing policies against
individual freedom are more prevalent, while in western culture individualism usually dominates
collectivism even in a crisis (An and Tang 2020) [5, 23].

In one of the few studies involving COVID-19 and HCD, Messner (2020) finds that societies

with high IDV and high PDI experience a slowed rate of pathogen multiplication [34]. His model,
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and that of An and Tang (2020), focus on institutional constructs. In contrast, we are interested
instead in public health constructs.

While HCD is prevalent in cross-culture research, many have also pointed out its limitations.
Some scholars argue that Hofstede’s uni-level analysis neglects interactions between macroscopic
and microscopic cultural levels (Baskerville 2003, McSweeney 2002) [33]. Others blame the theory
for having “ecological fallacy” whereby there is a correlation inconsistency at national (ecological),
individual and organizational level (Brewer and Venaik 2014) [12]. In other words, even if HCD
accurately describe a nation’s culture, it does not mean the citizens from such country behave exactly
as the theory suggests. In addition, dividing cultures into “stereotypes” may misleading to (Jain
2020) [26]. Some more elegant methodology is needed for culture measure and analysis.

Hofstede, aware of this limitation — and abuse — of his model of culture, reminds HCD users
that “the concept of a common culture applies to societies, not to nations” (Hofstede, Hofstede et al
2010, p. 21), and “one of the weaknesses of much cross-cultural research is not recognizing the

difference between analysis at the societal level and at the individual level” (Hofstede 2011, p. 6).

3.2 Hypothesis Development

The work of Messner, Baniamin et al, and An and Tang (2020) implies that culture difference
may influence the intensity of the pandemic. Anecdotal observation of civilian responses to
pandemic public health recommendations, such as parades in defiance of stay-at-home orders and
anti-vaccination campaigns, further motivate us to suspect that individualism is relevant to the
severity of this pandemic.

Because of culture and de-centralized governance, states in the U.S. balance differently the
trade-off between public health protection and citizens’ freedom (Calandrillo 2004) [13]. Rothstein
(2020) points out that it is a question whether Americans will comply with government’s quarantine
decision, due to their ingrained values, including adamant individualism, self-reliance,

nonconformity and independence, and it is unimaginable for them to experience a cordon sanitaire
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exhibited in Wuhan city of China [40]. According to Time website, the infection curve has a
fluctuating trend since early April in America, with a new daily case number decreasing from 9.5 to 6
roughly per 100000 people, as in comparison to a net increase of 9.5 per 100000 people from early
March to late April, after which there was a skyrocketing daily case number up to more than 20 per
100000 people in late July, followed by a decreasing trend till mid-August [44]. Meanwhile, there are
more behaviors exhibiting quality of collectivism instead of resolved individualism, also there are
less protests or disturbing actions and more proponents of community-oriented activities (Rothstein
2020) [48]. While we cannot say for sure these two phenomena have a causal relation, it makes sense
to link them together.

Literature suggests that IVR is related to other infectious diseases and health outcomes.
Mackenback (2014) finds that among HCD, IVR is mostly correlated with both health outcomes and
health behaviors, with 25 cases having [r|>0.4, and 14 cases having [r[>0.6, out of 35 from the former,
and with 16 cases having [r[>0.4, and 5 cases having |r|>0.6, out of 35 from the latter. Messner (2020)
finds that hedonistic values with indulgence focus and avoidance of restraints are positively related
to the COVID-19 outbreaks (P value = .001), and it is such indulgence that makes social distancing
restraints difficult and therefore facilitates the outbreaks. Similarly, people in countries with higher
IVR scores, such as U.S. and other western countries excluding Germany tend to resits stay-at-home
orders, requiring authorities to enforce such order implementation, while Chinese culture scoring
about a quarter of U.S. IVR values endurance and patience, which is a constructive response to the
pandemic (Travica 2020) [43].

Apart from IVR and IDV, other elements in HCD might also affect the impact of infectious
diseases. For example, PDI is a measure of deference to authority figures, and might thus impact
compliance with centralized public health guidance. There can also be a feedback loop between
policy and compliance; to avoid losing popularity, some politicians in low PDI cultures might

advocate policies they believe will be well received by the majority of their constituents even if the
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policies diverge from those recommended by healthcare professionals.

Borg (2014) shows that PDI, UAI and MAS also have much correlation with a few key
performance indicators relevant to infection prevention and control and antibiotic management. [9].
UAI (0.365), MAS (0.214) and LTO (-0.281) are significantly associated with Methicillin-resistant
Staphylococcus aureus (MRSA) in Europe, with UAI being the strongest culture element relevant to
MRSA prevention (Borg et al 2012) [10]. In addition, a high PDI may prevent patients or their
families from speaking up even if they see healthcare providers not wash their hands before direct
contacts; a nurse may not be able to stop inserting central line even if the doctor is seen using a
wrong technique, and both cases may result in hospital-induced infections (Saint 2017) [41].

We expect that PDI, IDV or IVR is associated with at least one of the essential COVID-19
statistics (confirmed case rate, death rate and recovery rate) with statistical significance, which is the
alternative hypothesis below. The null hypothesis is that these two are not related.

H,: None of IDV, IVR or PDI in HCD is significantly related to the confirmed case rate, death
rate or recovery rate in COVID-19. (Bov= 0, Beo1 = 0, Birvr = 0 in each regression)

Our null hypothesis assumes these two factors have no correlation with the COVID-19
pandemic. In other words, they are jointly insignificant to the COVID-19 statistics. The null
hypothesis is counterintuitive based on our life experience, apart from other factual records in similar
literature mentioned above. We specify that the lowest significance cutoff is 0.1.

H,: At least one element among IDV, IVR and PDI is significantly related to the confirmed case
rate, death rate or recovery rate in COVID-19.

For the alternative hypothesis, we posit that PDI, IDV and IVR are jointly linked to the current
pandemic due to the cited anecdotal observations and extant literature. We perform the F test to

determine if PDI, IDV and IVR are jointly significant for each regression.
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4. Data and Methodologies
4.1 Data

Because there is no consolidated data source that integrates COVID-19 health statistics and
HCD values, this study combined three data sources. The first data source is the most recent
(December 2015) HCD values from Hofstede’s website (Hofstede 2016). There were two issues
with the dataset. First, some countries are not uniquely presented. For example, Canada has two
versions, a “traditional” Canada, and French Canada composed of the provinces that predominately
speak French. Belgium and Switzerland are similarly subdivided in the HCD dataset.

Second, Hofstede’s website defines some countries in vague geographical terms. For
example, the dataset cites Africa East, African West, and Arab countries. We completed this dataset
with data from the Country Comparison tool on Hofstede Insights (Hofstede 2017), and in countries
where the HCD values reported by these two sources conflict, we used the Country Comparison
values because they are more recent [19, 23].

The third dataset is the Coronavirus Resource Center of John Hopkins University of
Medicine (JHU, 2020) that provides COVID-19 infection, death and recovery data as of 7/3/2020
[17]. Any data missing from this third dataset is obtained from Google News [15]. We also recorded
the population for each country or district for standardization purpose [9, 28].

The GPD per capita is estimated by International Monetary Fund [29]. The physician density
is defined as number of medical doctors (physicians), including generalist and specialist medical
practitioners, per 1000 population, according to World Health Organization. The recorded date does
not strictly match other information mentioned before, generally it comes with a time lag from 6 to
11 years. The median age for each country is also available from Wikipedia [30]. After removing
incomplete observations (countries), 75 remain. Environmental performance, or equivalently, water

and sanitation index is also considered as a control variable in our model [21].

https://preprints.jmir.org/preprint/25986 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wang et d

4.2 Methodology

The main statistical tool used in this study was a multilinear regression model. The three
HCD’s used in our regressions were PDI, IDV and IVR. The significance levels are set at 1%, 5%
and 10%. Since each country/district has different population, we divided the total infection number
by the population. Technically, this term is the confirmed case rate, but in this paper we used the two
terms interchangeably. The definitions of variables are listed in Table 2.

Possible explanatory control variables include GPD per capita, physician density, life
expectancy and net migration rate [27, 30, 31, 37]. According to CDC, age, race and gender may also
influence the infection [16]. Dangi and George (2020) discuss other factors including humidity,
temperature, water, sanitation, population density, and job satisfaction [3, 18, 38]. However, some of
these control variables are not available for every country, including job satisfaction. Urbanization is
also considered as an environmental determinant for infectious diseases (Eisenberg et al 2007) [20,
45].

We also included the legal origin as a control variable because of its significance to a
country’s economics (Porta et al 2007), which in turn is possible to be associated with COVID-19
statistics [39]. In fact, legal origin turned out to be statistically significant to the economic outcome,
with common law being more economically promising than French civil law (Porta et al 2007) [47].
The legal origin was divided into four groups in terms of country and region: UK, France, Germany
and Scandinavia. To avoid dummy variable trap, we set UK as the base group in our regression

analysis. In Table 2 we listed the available control variables used in this study.

5. Empirical Results
Tables 4, 5, and 6 present the results of regressions with IDV, IVR, and PDI as independent

variables (individually and combined), the control variables in Table 2, and confirmed case rate,

death rate and recovery rate as dependent variables, respectively. First and most importantly, IDV is
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only statistically significant with death rate and recovery rate globally. Second, IVR and PDI have no
statistical significance with any rate at any level specified. Third, none of PDI, IDV and IVR is
significant to global infection rate, at any of these specified levels. Fourth, among the three
dependent variables, only confirmed case rate and recovery rate have very strong correlations (Table
3 Panel B).

Table 1 presents the data used in the regressions. 75 entries remain after eliminating entries
with any missing data. As can be seen, most attributes are either dependent variables or control
variables, and the last three columns are the independent variables of interest. Table 2 explains each
variable in the regressions. Note that the GPD per capita has purchasing power parity instead of
being nominal, which is a better reflection of reality. We use the logarithm of performance, as GDP
per capita tends to be a nonlinear growth [23, 29]. Table 3 Panel A shows that COVID-19 is highly
infectious, with less lethality, and the majority of infected recover. Table 3 Panel B indicates that
some variables have moderate to high correlations, but most correlations are safely under 0.8.

The adjusted r square values roughly equal 0.33 for the four infection rate regressions (Table 4).
The adjusted r square values for all four confirmed case rate regressions range from 0.3 to 0.39 and
from 0.24 to 0.29 in the death rate (Table 5) and recovery rate regressions (Table 6), respectively. An
increment in IDV correlates with a decrease of 1.6% in infection rate, with other variables fixed. This
counter-intuitive result disputes the notion that IDV is positively related to COVID 19. From these t
statistics, IDV and death rate correlate with very strong statistical significance, but an increment in
IDV correlates with a relatively small 0.4% increase in death rate. The estimated recovery rate
decreases by a noteworthy 3.5% for every increment in IDV. The IDV t statistics of -2.021 and -
2.347 both suggest its statistical significance to the recovery rate, although it is not as strong as its
appearance in the previous death rate regression.

We also perform the F test to see if PDI, IDV and IVR are jointly significant, which leads to a

similar conclusion as above. The P values corresponding to these F statistics for infection rate, death
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rate and recovery rate equal .5983, .014 and .102 respectively. Therefore, we conclude that PDI, IDV
and I'VR are only jointly significant for the death rate.

Messner (2020) found that societies with high IDV and high PDI experience a slowed rate of
pathogen multiplication, while population density is negatively related to outbreak [34]. These
results contradict our findings, despite its approval of positive relation between IVR and outbreaks.
While HCD cover more than 100 countries, our study used the 75 that had the necessary records
compared to 96 used by Messner. In addition to using more recent COVID-19 data, we use three
dependent variables (infection rate, death rate and recovery rate), instead of only growth rate used by
Messner (2020). In addition, whereas we apply economic explanatory and control variables, Messner
applies political variables namely functioning political institutions and education system quality, with

the former being negatively associated with the outbreak and the latter having positive association.

6. Robustness Checks

We apply two robust techniques to our study. First, to avoid collinearity, we discard any entry
that exceeds 0.8 in the correlation matrix. We check the correlations of IDV, IVR and PDI with the
remaining non-control variables, and find that no correlation exceeds the cutoff. Second, we set a
variance inflation factor (VIF) threshold of 5 to check IDV, PDI and IVR, since it does not matter if
the variables with high VIF are control variables. These criteria mitigate multicollinearity [4]. The
VIFs for regressions with regressands IDV, IVR and PDI are 2.78, 2.20 and 2.62, respectively, using

the formula 1/(1-R?), which are both below the threshold. Therefore, our model should be robust.

7. Conclusion

For over two decades, economic leaders have been using the Global Entrepreneurship
Monitor (GEM), which is built on the HCD, to guide regional economy policy (Al-Kadi, 2017) [2],

and the latest GEM report presents the entrepreneurship policy roadmap for each of the fifty
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participating economies (Bosma et al, 2020) [11]. We recommend a similar culture-specific policy
roadmap for pandemic response. Because political borders are more porous to pandemic effects than
to economic effects, such roadmaps may be even more important to public health policy than to
economic policy.

IDV is statistically significant to death rate and recovery rate at a global level.
There are a few limitations we can think of below:

1. The actual number of the infection is very likely to be underestimated in many countries.
Likewise, the number of deaths and recovery may not be entirely reliable. Due to omitted
cases, different ways used to calculate these statistics, and even intentionally misleading
information, it is difficult to ascertain the accuracy of the raw data.

2. Due to the lack of data availability and completeness, many countries or districts are not
covered. This may lead to bias in our estimations.

3. Some attributes do not chronologically match exactly. For example, the population and
pandemic statistics are measured at different times. The date of the webpage displaying
country population is 2020; that is not necessarily the date of the population measurements,
and the pandemic statistics are mostly by 7/3/2020. However, since usually a country does
not rapidly change the population within a few months, this should not cause severe bias in
this study. In addition, HCD values lag by a few years, while the COIVD-19 statistics are
collected in 2020. This issue applies to some control variables as well.

4. Some HCD scores may be subject to obsoleteness in the future without updates. While the
data in this study are collected after 2015, Zhao et al (2016) discover that PDI, IDV and UAI
have changed over time, from 1970 to 2010 [49]. It suggests that the same results may not
hold in long term, and the same research needs to be redone.

5. While Hofstede’s culture dimensions theory is prevalent, there is some criticism to HCD and

it may not be a perfect estimation for our study. However, if the bias is within some tolerance,
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we can still argue our discovery is valid.

Because IDV is statistically associated with death rate and recovery rate globally, they may
have a causal relationship. Changing some behaviors related to individualism may help reduce
COVID 19 spread. However, public health officials may find it helpful to practice the following

strategies:

1. It is not wise to challenge one’s individualistic belief directly when imposing public
health policy. Subtly adjusting risky individualistic behaviors contributing to a public
health crisis is more feasible.

2. For many people, words or behaviors from their idols usually override opinions from the
rest. Public health marketing could thus cooperate with supportive and diverse celebrities
including movie, music and sports stars, political and business leaders, and other social
idols, to control pandemic spread.

3. Public health researchers should further investigate the drivers of individualism and

incorporate them in policy making.
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9. Appendix
Table 1: Sample data

country/district Infection Rate Death Rate Recovery Rate log(GDPcap) Net Mig Rate Life Span Pop Dens Med Age Sanit & Water Urb Avg Temp Phy Dens FR sC IDV IVR PD
I
Luxembourg 7.02 0.18 6.42 5.05 16.30 82.79 237.00 39.30 99.30 91.50 9.90 2.92 1 0 60 56 40
Iceland 542 0.03 5.37 4.76 1.10 83.52 3.50 36.50 100.00 93.90 2.92 3.79 0 1 60 67 30
Spain 5.35 0.61 3.22 4.63 0.90 83.99 93.00 42.70 100.00 80.80 14.86 3.87 1 0 51 44 57
Ireland 5.16 0.35 4.73 4.94 4.90 82.81 70.00 36.80 100.00 63.70 9.97 2.96 0 0 70 65 28
Belgium 5.33 0.84 1.47 4.71 4.20 82.17 377.00 41.40 96.09 98.10 10.06 3.01 1 0 75 57 65
Singapore 7.60 0.00 6.80 5.02 4.70 84.07 7804.00 34.60 99.00 100.0 27.60 2.28 0 0 20 46 74
0
United States 8.28 0.39 2.39 4.83 2.90 79.11 34.00 38.10 90.92 82.70 11.30 2.57 0 0 91 68 40
Ttaly 3.99 0.58 3.17 4.62 2.50 84.01 200.00 45.50 100.00 71.00 14.17 4.02 1 0 76 30 50
Switzerland 3.71 0.23 3.37 4.83 6.10 84.25 208.00 42.40 99.99 73.90 8.18 4.25 0 0 68 66 34
United Kingdom | 4.20 0.65 0.02 4.68 2.50 81.77 274.00 40.50 99.65 83.90 9.11 2.83 0 0 89 69 35
France 3.12 0.46 1.18 4.69 0.60 83.13 123.00 41.40 97.22 81.00 11.20 3.24 1 0 71 48 68
Portugal 4.20 0.16 2.79 4.54 -0.60 82.65 112.00 42.20 93.59 66.30 15.89 4.43 1 0 27 33 63
Sweden 7.07 0.54 0.49 4.75 4.00 83.33 23.00 41.20 96.88 88.00 4.20 4.19 0 1 71 78 31
Netherlands 2.95 0.36 0.01 4.78 0.90 82.78 419.00 42.60 98.26 92.20 9.45 3.48 1 0 80 68 38
Germany 2.35 0.11 2.15 4.74 6.60 81.88 233.00 47.10 96.74 77.50 9.24 4.19 0 0 67 40 35
Peru 8.86 0.31 5.64 4.19 3.10 77.44 25.00 28.00 50.38 78.30 19.98 1.12 1 0 16 46 64
Canada 2.83 0.23 1.86 4.72 6.60 82.96 4.00 42.20 94.69 81.60 -1.64 2.54 0 0 80 68 39
Denmark 2.25 0.10 2.07 4.75 2.60 81.40 135.00 42.20 97.78 88.10 8.52 3.66 0 1 74 70 18
Austria 2.00 0.08 1.84 4.74 7.40 82.05 106.00 44.00 94.63 58.70 8.06 5.23 0 0 55 63 11
Turkey 2.40 0.06 2.11 4.47 3.50 78.45 105.00 30.90 59.28 76.10 14.03 1.75 1 0 37 49 66
Russia 4.57 0.07 3.00 4.49 1.30 72.99 9.00 39.60 63.93 74.80 -2.26 3.98 1 0 39 20 93
Chile 14.88 0.32 13.25 4.43 6.00 80.74 23.00 34.40 79.61 87.70 9.88 1.03 1 0 23 68 63
Norway 1.64 0.05 1.50 4.90 5.30 82.94 16.00 39.20 99.65 83.00 1.74 4.39 0 1 69 55 31
Estonia 1.50 0.05 1.40 4.58 3.00 79.18 29.00 42.70 58.45 69.20 6.96 3.43 0 0 60 16 40

This table reports 75 observations with independent variables, our interested HCD, and control variables.

Table 1: Sample Data (continued)
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country/district Infection Rate Death Rate Recovery Rate log(GDPcap) Net Mig Rate Life Span | Pop Dens Med Age Sanit & Water Urb Avg Temp Phy Dens FR D SC IDV | IVR | PD
E 1

Iran 2.80 0.13 2.34 4.25 -0.70 77.33 51.00 30.30 58.74 75.9 20.54 1.49 1 0 0 41 40 58
0

Serbia 1.77 0.03 1.50 4.30 0.50 76.47 89.00 42.60 69.73 56.4 12.84 2.46 1 0 0 25 28 86
0

Malta 1.52 0.02 1.47 4.70 2.10 83.06 1510.00 41.80 100.00 94.7 19.44 3.91 1 0 0 59 66 56
0

Saudi Arabia 5.80 0.05 4.04 4.76 4.10 75.69 16.00 27.50 62.38 84.3 27.74 2.57 0 0 0 25 52 95
0

Finland 1.31 0.06 1.21 4.70 2.50 82.48 16.00 42.50 100.00 85.5 4.06 3.20 0 0 1 63 57 33
0

Dominican 3.15 0.07 1.70 4.31 -2.80 74.65 216.00 28.10 42.40 82.5 26.29 1.49 1 0 0 30 54 65
Rep 0

Romania 1.46 0.09 1.02 4.47 -3.80 76.50 81.00 41.10 59.90 56.4 11.65 2.67 1 0 0 30 20 90
0

Brazil 7.04 0.29 4.63 4.23 0.10 76.50 25.00 32.60 45.91 87.1 25.35 1.85 1 0 0 38 59 69
0

Czech Rep 1.14 0.03 0.73 4.61 2.10 79.85 135.00 42.10 69.98 74.1 9.28 3.68 0 1 0 58 29 57
0

Slovenia 0.79 0.05 0.67 4.61 1.00 81.85 103.00 44.50 70.59 55.1 11.74 2.82 0 1 0 27 48 71
0

Lithuania 0.67 0.03 0.57 4.59 -11.60 76.41 43.00 43.70 58.51 68.0 7.80 4.38 1 0 0 60 16 42
0

Croatia 0.73 0.03 0.53 4.47 -1.90 79.02 72.00 43.00 70.01 57.6 13.59 3.13 0 1 0 33 33 73
0

Latvia 0.59 0.02 0.53 4.52 -7.60 75.73 30.00 43.60 60.62 68.3 7.32 3.21 0 1 0 70 13 44
0

Poland 0.94 0.04 0.60 4.55 -0.80 79.27 123.00 40.70 69.23 60.0 9.26 2.29 0 1 0 60 29 68
0

Ukraine 1.09 0.03 0.49 4.01 0.20 72.50 70.00 40.60 60.89 69.6 10.91 3.00 1 0 0 25 14 92
0

Hungary 0.43 0.06 0.28 4.56 3.02 77.31 105.00 42.30 66.26 719 12.30 3.09 0 1 0 80 31 46
0

New Zealand 0.32 0.00 0.31 4.62 3.20 82.80 19.00 37.90 93.37 86.7 11.09 3.06 0 1 0 79 75 22
0

Albania 0.96 0.03 0.55 4.17 -4.90 78.96 100.00 32.90 66.56 62.1 14.99 1.29 1 0 0 20 15 90
0

Bulgaria 0.76 0.03 0.42 4.42 -0.30 75.49 63.00 42.70 71.26 75.7 13.41 4.00 0 1 0 30 16 70
0

Australia 0.32 0.00 0.29 4.74 6.40 83.94 3.00 38.70 98.44 86.2 22.14 3.50 0 1 0 90 71 38
0

Mexico 1.85 0.23 1.47 4.33 -0.50 75.41 64.00 28.30 57.58 80.7 22.22 2.23 1 0 0 30 97 81
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Slovakia 0.32 0.01 0.27 4.58 0.30 78.00 111.00 40.50 69.62 53.8 9.69 3.45 0 1 0 52 28 100

0
Greece 0.33 0.02 0.13 4.50 -1.50 82.80 81.00 44.50 100.00 79.7 17.15 6.26 1 0 0 35 50 60

0
Colombia 2.01 0.08 0.88 4.21 4.20 77.87 41.00 30.00 59.96 814 25.58 1.82 1 0 0 13 83 67

0
South Korea 0.25 0.01 0.23 4.67 0.20 83.50 517.00 41.80 96.52 814 13.76 2.33 0 1 0 18 29 60

0

Table 1: Sample Data (continued)
country/district Infection Rate Death Rate Recovery Rate log(GDPcap) Net Mig Rate Life Span Pop Dens Med Age Sanit & Water Urb Avg Temp Phy Dens FR DE SC DV IVR PDI
Malaysia 0.27 0.00 0.26 4.54 1.60 76.65 100.00 28.50 63.00 77.20 26.97 1.53 0 0 0 26 57 100
Uruguay 0.27 0.01 0.24 4.39 -0.90 78.43 20.00 35.00 87.37 95.50 16.75 3.94 1 0 0 36 53 61
South Africa 2.83 0.05 1.46 4.15 2.50 64.88 48.00 27.10 24.71 67.40 17.33 0.82 0 0 0 65 63 49
Morocco 0.36 0.01 0.25 3.99 -1.40 77.43 79.00 29.30 42.24 63.50 19.31 0.62 1 0 0 46 25 70
El Salvador 1.12 0.03 0.66 3.93 -6.30 74.06 319.00 27.10 42.34 73.40 2591 1.92 1 0 0 19 89 66
Pakistan 1.00 0.02 0.57 3.78 -1.10 67.79 260.00 23.80 20.02 37.20 22.32 0.98 0 0 0 14 0 55
Hong Kong 0.17 0.00 0.15 4.82 4.00 85.29 6765.00 44.40 97.72 100.00 23.69 1.91 0 0 0 25 17 68
Ghana 0.58 0.00 0.46 3.87 -0.30 64.94 127.00 21.10 26.52 57.30 27.72 0.10 0 0 0 15 72 80
Argentina 1.55 0.03 0.56 4.30 0.10 77.17 16.00 31.70 73.07 92.10 14.46 3.91 1 0 0 46 62 49
Japan 0.15 0.01 0.13 4.67 0.60 85.03 334.00 47.30 96.60 91.80 12.96 237 0 1 0 46 42 54
Philippines 0.37 0.01 0.10 4.00 -0.60 71.66 365.00 23.50 42.86 47.40 27.42 1.28 1 0 0 32 42 94
Egypt 0.70 0.03 0.19 4.17 -0.40 72.54 100.00 23.90 32.78 42.80 24.51 0.81 1 0 0 25 4 70
Bangladesh 0.95 0.01 0.41 3.74 -2.30 73.57 1171.00 26.70 28.47 38.20 25.97 0.47 0 0 0 20 20 80
Trinidad and Tobago 0.09 0.01 0.08 4.53 -0.60 73.91 264.00 36.00 56.29 53.20 27.09 1.82 0 0 0 16 80 47
Iraq 1.39 0.06 0.74 4.27 0.20 71.08 90.00 20.00 41.05 70.90 24.24 0.85 1 0 0 30 17 95
China 0.06 0.00 0.06 4.32 -0.20 77.47 145.00 37.40 68.24 61.40 9.30 3.63 1 0 0 20 24 80
Jordan 0.11 0.00 0.09 4.00 1.00 75.01 120.00 22.50 68.82 91.40 21.32 343 1 0 0 30 43 70
Indonesia 0.22 0.01 0.10 4.17 -0.40 72.32 141.00 30.20 31.41 56.60 26.47 0.20 1 0 0 14 38 78
India 0.45 0.01 0.29 3.96 -0.40 70.42 414.00 28.10 15.80 34.90 2541 0.76 0 0 0 48 26 77
Thailand 0.05 0.00 0.04 4.33 0.30 77.74 136.00 37.70 59.37 51.40 27.86 0.47 0 0 0 20 45 64
rintsjrir-orglpreprint/25986
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Burkina Faso 0.05 0.00 0.04 3.34 -1.30 62.98 73.00 17.30 8.45 30.60 29.39 0.05 1 0 0 15 18 70
Nigeria 0.13 0.00 0.05 3.79 -0.30 55.75 218.00 18.40 7.75 52.00 28.01 0.38 0 0 0 30 84 80
Venezuela 0.22 0.00 0.07 4.21 -22.30 72.34 35.00 28.30 50.39 88.30 25.91 1.92 1 0 0 12 100 81
Zambia 0.09 0.00 0.07 3.62 -0.50 64.70 22.00 16.80 9.08 44.60 21.20 0.09 0 0 0 35 42 60
Tanzania 0.01 0.00 0.00 3.56 -0.70 66.39 59.00 17.70 11.80 35.20 22.77 0.02 0 0 0 25 38 70
Taiwan 0.02 0.00 0.02 4.76 1.30 81.04 652.00 40.70 69.71 78.90 23.02 1.70 0 1 0 17 49 58

https://pr

Table 2: Variable Definitions

The following table explains each variable definition

Variable

Definition

Infection Rate

the number of infection cases per 1000 population, which equals total confirmed cases/total population*1000

Death Rate

the number of death cases per 1000 population, which equals total death cases/total population*1000

Recovery Rate

the number of recovery cases per 1000 population, which equals total recovery cases/total population*1000

log(GDPcap)

the logarithm of a countries/district's economic output divided by its population, measured in US dollars, with purchasing power parity

Net Migration Rate

indicates migration contribution to the overall level of population change. It does not distinguish between economic migrants, refugees, lawful/unlawful

migrants or other types

Life Span

the expected life, including both genders, measured in years

Population Density

measured by the number of human inhabitants per square kilometer

Median Age the age that divides a population into two numerically equally sized groups

Sanitation and | Both sanitation and drinking water are measured using the number of age-standardized disability-adjusted life years (DALYs) lost per 100,000 persons
Water

Urbanization the percentage of people living in urban without percentage sign

Average yearly average temperature

Temperature

Physician Density

number of medical doctors per 1000 population

UK

UK legal origin

FR

French legal origin

1 /C OO
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DE German legal origin
SC Scandinavian legal origin
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Table 3 Descriptive Statistics

Panel A reports the summary statistics for independent variables, control variables and HCD related to our sample of 75 observations.

The four categorical variables are not included here due to their meaningless statistics.

Panel A: Descriptive Statistics

Table 3 Descriptive Statistics (continued)
Panel B reports the Spearman correlation coefficient between all the variables in this study. Statistical significance is reported where *

is 10% significance, ** is 5% significance and *** is 1% significance or better.
https://preprints.jmir.org/preprint/25986

Observation Mean Standard Error Median | Minimum Maximum
Infection Rate 75 2.24 0.31 1.14 0.01 14.88
Death Rate 75 0.11 0.02 0.03 0.00 0.84
Recovery Rate 75 1.47 0.24 0.57 0.00 13.25
log(GDPcap) 75 4.43 0.04 4.52 3.34 5.05
Net Migration Rate 75 0.82 0.53 0.60 -22.30 16.30
Life Span 75 77.53 0.69 78.00 55.75 85.29
Pop Dens 75 352.26 136.49 100.00 3.00 7804.00
Med Age 75 35.47 0.95 38.10 16.80 47.30
Sanit & Water 75 68.27 3.19 69.23 7.75 100.00
Urb 75 72.14 1.98 75.70 30.60 100.00
Avg Temp 75 16.14 0.94 14.46 -2.26 29.39
Phy Dens 75 2.51 0.16 2.57 0.02 6.26
PDI 75 60.96 2.40 64 11 100
IVR 75 46.57 2.65 46 0 100
IDV 75 43.29 2.65 36 12 91
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Panel B: Correlation Matrix with Significance levels

Infection Death Recover log(GDPcap) Net Life Pop Med Age Sanit & Urb Avg Temp Phy FR DE SC IDV IVR PDI
Rate Rate y Rate Migratio Span Dens Water Dens
n Rate
Infection
Rate
Death Rate 0.609%+*
Recovery
Rate 0.887** 0.319%**
L09(GDPCaP | g 350w | 0.33g% | 0317+
Net
Migration 0.406%** 0.267*+* 0.408%** 0.435%**
Rate
Life Span 0.312%k* 0.372%k* 0.286%* 0.842%k* 0.376%**
Pop Dens 0.087 -0.108 0.146 0.223* 0.128 0.208*
Med Age 0.118 0.280** 0.086 0.784%** 0.226* 0.795%** 0.081
Sanit&Water | 0.328%** 0.416%+* 0.279%* 0.878*** 0.417%** 0.922%%* 0.181 0.802%**
urb 0.409%** 0.323%k* 0.332%k* 0.655%** 0.247%* 0.635%** 0.257%F | 0.421%** 0.713%+*
Avg Temp -0.245%* 6.318*** -0.19 -0.560%+* -0.274** '0_525*** 0.235%* b.688*** -0.603%** 6_299***
Phy Dens 0.104 0.230%* 0.067 0.664%** 0.179 0.654%** -0.063 0.751%** 0.767%*+* 0.490%F* | -0.658%**
FR 0.152 0.183 0.136 -0.235%* -0.243** -0.051 -0.153 -0.167 -0.08 0.128 0.138 0.007
DE -0.259%* -0.208* -0.17 0.306%** 0.117 0.282** -0.085 0.465%*+* 0.222* -0.01 -0.285%* 0.301%** 0 506+
SC 0.129 0.064 0.084 0.259** 0.135 0.236%* -0.071 0.159 0.298%** 0.244%* -0.392%** 0.259%* -0.250%* -0.145
IDV 0.196* 0.47 9%k 0.046 0.560%** 0.363%** 0.459%#* -0.16 0.504%** 0.550%** 0.352%k* | -0.639%+* 0.509%** -0.269** 0.243%* 0.282%*
IVR 0.259%* 0.248%* 0.179 0.216* 0.115 0.119 -0.102 -0.064 0.236%* 0.440%+* | 0.062 0.077 -0.063 -0.159 0.221* 0.200*
PDI -0.185 -0.268** -0.14 -0.481%+* 6.361*** 6.463*** 0.091 b_430*** -0.512%** b.318*** 0.496%*+* 2).448*** 0.354%** -0.240%* -0.420%+* 6.679*** 6_329***

https://preprints.jmir.org/preprint/25986

25

Wang et d

[unpublished, non-peer-reviewed preprint]



JMIR Preprints Wang et d

Table 4: Confirmed Case Rate Regression
*** ** and * denote significance at 1, 5 and 10 percent respectively. The t statistics are in

parentheses, with its regression coefficient above. UK legal origin is the base group.

IDV IVR PDI IDV, IVR & PDI
log(GDPcap) 2.948 2.627 2.852 2.873
(1.641) (1.473) (1.587) (1.565)
Migration Rate 0.168 0.168 0.160 0.170
(2.400) (2.416) (2.262) (2.392)
Life Span 0.119 0.145 0.116 0.134
(0.884) (1.069) (0.851) (0.961)
Pop Dens 0.000 0.000 0.000 0.000
(-0.476) (0.221) (-0.246) (0.053)
Med Age -0.071 -0.055 -0.067 -0.058
(-0.884) (-0.690) (-0.841) (-0.720)
Sanit & Water -0.030 -0.041 -0.031 -0.039
(-0.790) (-1.057) (-0.820) (-0.997)
Urb 0.043 0.029 0.040 0.032
(1.654) (1.054) (1.537) (1.121)
Avg Temp -0.130 -0.136 -0.116 -0.151
(-2.270) (-2.409) (-2.118) (-2.495)
Phy Dens -0.364 -0.356 -0.393 -0.353
(-0.986) (-0.973) (-1.057) (-0.943)
FR 0.203 0.619 0.438 0.501
(0.229) (0.701) (0.486) (0.541)
DE -2.260 -1.995 -2.161 -2.086
(-2.230) (-1.966) (-2.135) (-2.023)
SC -1.475 -1.376 -1.401 -1.612
(-1.045) (-0.989) (-0.990) (-1.116)
IDV -0.011 -0.016
(-0.689) (-0.851)
IVR 0.017 0.017
(1.111) (1.013)
PDI -0.005 -0.007
(-0.283) (-0.344)
Adj. R square 0.337 0.345 0.332 0.331
Observation 75 75 75 75

Table 5: Death Rate Regression

*k* k% and * denote significance at 1, 5 and 10 percent respectively. T statistics are in
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parentheses, with coefficients. UK legal origin is the base group.

IDV IVR PDI IDV, IVR & PDI

log(GDPcap) -0.040 -0.012 0.011 -0.061

(-0.346) | (-0.097) | (0.088) (-0.521)

Migration Rate 0.003 0.005 0.004 0.004

(0.634) (0.993) (0.754) (0.774)

Life Span 0.004 0.005 0.002 0.006

(0.412) (0.498) (0.183) (0.669)

Pop Dens 0.000 0.000 0.000 0.000

(-1.650) | (-1.625) | (-2.110) | (-1.071)

Med Age 0.004 0.004 0.004 0.005

(0.819) (0.771) (0.650) (0.955)

Sanit & Water 0.002 0.002 0.003 0.002

(0.935) (0.722) (0.993) (0.645)

Urb 0.000 0.000 0.001 0.000

(0.167) (0.072) (0.412) (-0.219)

Avg Temp 0.000 -0.005 -0.004 -0.001

(-0.005) | (-1.356) | (-0.961) | (-0.307)

Phy Dens -0.038 -0.031 -0.036 -0.034

(-1.604) | (-1.231) | (-1.422) | (-1.436)

FR 0.024 -0.005 -0.003 0.032

(0.431) (-0.089) | (-0.050) | (0.534)

DE -0.180 -0.192 -0.200 -0.170

(-2792) | (-2748) | (-2.892) | (-2.579)

SC -0.145 -0.183 -0.194 -0.135

(-1.611) (-1913) | (-2010) | (-1.471)

IDV 0.003%** 0,004+
(3.272) (3.116)
IVR 0.001 0.001
(1.116) (1.068)
PDI -0.001 0.001

(-1.078) | (0.638)

Adj. R square 0.388 0.296 0.295 0.381

Observation 75 75 75 75

Table 6: Recovery Rate Regression
*k* %k and * denote significance at 1, 5 and 10 percent respectively. The t statistics are in

parentheses, with its regression coefficient above. UK legal origin is the base group.

IDV IVR PDI IDV, IVR & PDI

log(GDPcap) 2.878 2.423 2.586 2.983

(1.972) (1.621) (1.722) (2.014)

Migration Rate 0.148 0.139 0.133 0.144

(2.598) (2.388) (2.254) (2.513)
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Life Span 0.079 0.100 0.079 0.076
(0.721) (0.887) (0.699) (0.674)
Pop Dens 0.000 0.000 0.000 0.000
(0.231) (1.100) (0.777) (0.670)
Med Age -0.095 -0.080 -0.088 -0.087
(-1.467) (-1.187) (-1.321) (-1.326)
Sanit & Water -0.016 -0.026 -0.019 -0.022
(-0.518) (-0.794) (-0.588) (-0.685)
Urb 0.018 0.004 0.012 0.009
(0.847) (0.182) (0.555) (0.414)
Avg Temp -0.118 -0.100 -0.086 -0.134
(-2.527) (-2.120) (-1.875) (-2.737)
Phy Dens -0.268 -0.290 -0.317 -0.286
(-0.894) (-0.945) (-1.019) (-0.946)
FR 0.574 1.135 1.005 0.888
(0.797) (1.536) (1.333) (1.189)
DE -0.728 -0.402 -0.523 -0.604
(-0.884) (-0.473) (-0.618) (-0.726)
SC -0.719 -0.447 -0.465 -0.981
(-0.628) (-0.383) (-0.393) (-0.842)
IDV -0.027** -0.035**
(-2.021) (-2.347)
IVR 0.013 0.011
(0.961) (0.821)
PDI -0.004 -0.016
(-0.248) (-1.016)
Adj. R square 0.283 0.246 0.235 0.287
Observation 75 75 75 75
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