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Abstract
Background: Coronavirus infectious disease 2019 (COVID-19) is an ongoing global pandemic. Without a
vaccine or an effective treatment in the near horizon, only public health measures have been effective in
potentially reducing its impact. Due to the wide disparity in current response from individual countries,
studying factors associated with public health measures may inform ongoing efforts. Therefore, this
study aims to analyze the contributing factors across the globe with speci�c measures of the disease.

 

Methods: This is a cross-sectional study that used publicly available data of COVID-19 cases as of April
6, 2020. We analyzed country public information on demographic and socioeconomic indicators
published in different sources. The association between country-level variables and the incidence rate, the
recovery rate, severity of the cases, and mortality rate were evaluated using regression techniques.

 

Results: Multiple factors were found to be signi�cantly associated with COVID-19 outcomes. The number
of tests per million, GDP per capita, a country population size of 2020, country median age, and life
expectancy are associated with the incidence rate of COVID19. The yearly net change population,
migrants, and tourism are associated with the recovery rate of COVID-19. The number of tests per million
and male life expectancy are associated with the critical cases rate of COVID-19. Finally, the GDP per
capita, land area (Km2), life expectancy, and tourism are associated with the mortality rate of COVID-19.

 

Conclusion: Overall, higher GDP per capita, median age, and a higher number of lab tests were found to
be associated with more incidents of COVID-19 cases, which indicates a better and maintained system
for detection, reporting, and management of the pandemic. This study suggests that investing in better
screening and testing may reveal more cases that can be managed and controlled; while limiting travelers
would further support the pandemic control.

 

 

Background
Infectious diseases are among the leading threats to global health. Currently, the coronavirus infectious
disease 2019 (COVID-19) outbreak is a global pandemic [1]. According to the World Health Organization
(WHO), the �rst recognized case was reported in Wuhan, China, on December 31, 2019 [2]. By April 6,
2020, there have been more than 200 affected countries and territories, and more than one million
con�rmed cases and more than 70,000 deaths [3]. The economic burden caused by COVID-19 is
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staggering on China and the globe. It is estimated that China has lost up to $62 billion in the �rst quarter
of 2020, while the world is expected to lose over $280 billion [4]. Unfortunately, these numbers are
increasing with raising concerns from the international community about the disparity in the incidence
rate, recovery rate, severity of the disease, and mortality rate of the COVID-19 pandemic.

Even though the current SARS-CoV-2 virus is not as lethal as MERS-CoV, its devastating impact on global
health and economy is incomparable [5]. Major world events have been canceled, and more will be if no
signi�cant progress is made in �nding a vaccine or an effective treatment [6, 7]. One of the reasons for its
major global impact is the rapid spread across the globe [8]. Moreover, there is a wide disparity in
incidence and mortality rates across affected countries. While China was able to relatively control the
spread, health systems in countries like Spain and Italy are on the verge of collapse due to failure to
control this pandemic [9]. Even the United States, with its major and advanced healthcare and public
health system, is struggling with states like New York deploying new graduates of medical school to keep
up with the in�ux of patients [10].

Currently, public health interventions are the only means to face the disease [11]. Various factors may
contribute to the e�ciency of public health control measures used to deal with COVID-19 [12, 13]. These
may include factors that pertain to individual countries such as demographics of socioeconomic
characteristics. For example, Germany has a low mortality rate compared to that of Italy and Spain, which
raises questions of differences between these countries in COVID-19 outcomes [14]. To inform efforts
organized to reduce the impact of this pandemic, learning about these factors can guide the international
community to invest further to improve current and future pandemic preparedness and response.
Therefore, this study aims to analyze country-level factors that may contribute to the outcomes of COVID-
19.

Methods
This is a cross-sectional study in which we utilized publicly available data of COVID-19 cases for each
country and territory. We combined these data with countries' publicly available information about
demographics and socioeconomic indicators published in different sources. Overall, we included 211
countries and territories. We excluded countries with less than 100 cases reported by April 6, 2020.
Statistical models were built to identify factors associated with each outcome variable, including the
incidence rate, recovery rate, rate of critical cases, and mortality rate.

Study variables 

Outcome variables:

The incidence rate of COVID-19 was obtained using country reported cases and country population size
from the Worldometer website [3]. The Worldometer speci�es the source of each country data, which are
based on o�cial media venues, and has been used in previous publications [15]. The incidence rate per
1000 was calculated using the equation: (total cases/ population size) *1000.
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The COVID-19 mortality rate was calculated using the country reported deaths of COVID-19 and divided
by the population size [3]. Thus, mortality rate per 1000= (total deaths / population size) * 1000. The rate
of critical cases rate was calculated using country reported critical cases divided by the total con�rmed
cases [3]. The recovery rate was calculated using reported cases that recovered divided by the population
size [3].

Explanatory variables:

The demographic and socioeconomic indicators analyzed in this study include population size, urban
population rate, median age, fertility rate, population density, land area, life expectancy, gross domestic
product (GDP), tourism indicator, and the 2019 Global Health Security Index (GHS). The GHS index is a
comprehensive assessment of the global health security capabilities of 195 countries, where a score of
100 points is the highest [16]. The index is focused on the capabilities of countries to predict, prepare for,
prevent, and respond to infectious disease outbreaks as well as the health system, commitment to
improving, and vulnerability to biological risk.

The explanatory variables were collected from various sources and included population size (2020),
yearly population change (%), net population change, population density (P/Km²), land area (Km²),
migrants (net), fertility rate, median age, life expectancy for each gender and overall, the urban population
in percentage, and world share in the population. These variables were based on the latest United Nations
Population Division estimates [17]. The country-level factors, including the published number of COVID-
19 tests per million for each country, the 2017 gross domestic product (GDP), GDP growth, GDP per
capita, and share of World GDP, were based on the World Bank and the United Nations data [18].
Moreover, we included the 2018 international tourism indicator for each country. The 2018 international
tourism indicator is based on the total number of travelers who travel into a country other than their
country of residence obtained from the World Bank data [19].

Statistical Analysis

All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). The analyses performed
include the incidence rate, recovery rate, rate of critical cases, and mortality rate. For the incidence rate
and mortality rate, we applied the log-transformation to approximate the normal distribution. For the rate
of critical cases and recovery rate, we applied the logit transformation to obtain the appropriate
distributions of the linear regression. 

For all explanatory variables in the model, we standardized variables with mean=0 and standard
deviation=1. This was done to address the multicollinearity in the models. Next, we constructed a
stepwise linear regression model for each outcome variable to build the �nal model and estimate the
coe�cient of each explanatory variable. In all models, we excluded countries with less than 100 cases of
COVID-19 to omit outliers. Thus, the sample sizes for incidence rate, recovery rate, rate of critical cases,
and mortality rate are 93, 96, 90, and 94 counties, respectively. The level of signi�cance was declared at
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alpha (α) = 0.05. Because the study used publicly available information a country level without individual
identi�ers, it was exempt from IRB review.   

Results
Incidence rate

The analysis included one million cases of COVID-19. Results of the stepwise multiple linear regression
indicated that there was a signi�cant collective association between the number of tests per million, GDP
per capita, country population size of 2020, country median age, life expectancy, and incidence rate of
COVID19, F(5,87)=41.14, p=<.0001, R2= 0.7028). The individual predictors were examined further and
indicated that the number of tests per million (t=2.48, p=0.0149), GDP per Capita (t=2.69, p=0.0085),
country population size of 2020 (t=-2.24, p=0.0279), country median age (t=2.66, p=0.0092), and life
expectancy (t=3.01, p=0.0035) were signi�cant predictors of COVID-19 incidence rate in the model. The
results suggested that the population size of 2020 was associated negatively with incidence rate, while
the number of tests per million, GDP per Capita, country median age, and life expectancy had positive
associations with incidence.

Further, we applied a simple linear regression of the log incidence rate with a standard score of GDP per
capita for countries with more than 1000 cases (Figure 1). Similarly, we applied simple linear regression
models of the log incidence rate with the standard score of county median age and life expectancy.
Figure 2 and �gure 3 depict these relationships, respectively.

Recovery rate

Results of the stepwise multiple linear regression indicated that there was a signi�cant collective
association between the yearly net change population, migrants, tourism (the number of travelers), and
the recovery rate of COVID-19 (F(3,92)=6.39 p=0.0006, R2= 0.1724)). The individual predictors were
examined further and indicated that the yearly net change of population (t=3.14, p=0.0023), migrants
(net) (t=-2.06, p=0.0422), and the number of travelers (t=3.47, p=0.0008) were signi�cant predictors of
COVID-19 recovery rate in the model. Thus, we found that the migrants (net) is associated negatively with
the recovery rate of COVID-19, while the yearly net change of population and tourism have positive
associations. 

Rate of critical cases

Results of the stepwise multiple linear regression indicated that there was a signi�cant collective
association between the number of tests per million, male life expectancy, and critical cases rate of
COVID-19 (F(2,87)=9.43, p=0.0002, R2= 0.1782)). The individual predictors were examined further and
indicated that the number of tests per million (t=-3.66, p=0.0004), male life expectancy, and (t=3.65,
p=0.0005) were signi�cant predictors of COVID-19 critical cases rate in the model. The results suggest
that the number of tests per million is associated negatively with critical cases rate, while male life
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expectancy has positive associations. A simple linear regression was applied for the logit transformation
of critical cases rate and the standardized sore of the number of tests per 1 million, which shows the
negative correlation (Figure 4).   

Mortality rate

Results of the stepwise multiple linear regression indicated that there was a signi�cant collective
association between the GDP per capita, land area (Km2), life expectancy, tourism by the number of
travelers and mortality rate of COVID-19 (F(4,89)=13.41, p=<.0001, R2= 0.3761)). The individual predictors
were examined further and indicated that the GDP per capita (t=1.87, p=0.0648), land area (Km2) (t=-2.07,
p=0.0417), life expectancy (t=2.46, p=0.0157), and tourism by the number of travelers (t=2.96, p=0.0039),
were signi�cant predictors of COVID-19 mortality in the model. The results suggest that the land area
(Km2) is associated negatively with mortality, while the GDP per Capita, life expectancy, and tourism have
positive associations. As shown in �gure 5 and �gure 6, we applied a simple linear regression of the logit
of mortality rate with the standard score of life expectancy and the total number of travelers to show the
positive relationship. 

Discussion
Our study found GDP per capita, number of incoming travelers, life expectancy, median age, and number
of laboratory COVID-19 tests to have a direct impact on COVID-19 outcomes on a country level.
Surprisingly, the GHS index score was not associated with any of the measured COVID-19 pandemic
outcomes. The GHS index was developed and used to rank countries based on their abilities for
pandemic preparedness and response; however, our results demonstrate that the GHS index score failed
to predict a country’s ability for better response to outbreaks COVID-19 in particular. This failure might be
due to the unprecedented magnitude of the current pandemic, the exceptional measures taken by some
countries such as China (including city lockdown and business closure), the variety of responses to the
pandemic by different affected countries, or at least the inaccurate measures that the GHS was built on.
Noteworthy to mention that GHS was built on six categories: prevention, detection and reporting, rapid
response, health system, compliance with international norms, and risk environment [14]. Therefore,
responses to the COVID-19 pandemic should be used as a framework to optimize the tools used by the
GHS index scoring system.

The number of incoming travelers to a given country was associated with the COVID-19 mortality rate
and recovery rate. These �ndings may support the travel ban that has been imposed by many countries
as a public health measure for mitigating the risk of COVID-19 pandemic. This is consistent with previous
literature suggesting that closing borders is associated with a reduction of pandemic spread [20–23].
However, closing borders or restricting travel was not advised by the World Health Organization in several
news reports during the COVID-19 pandemic [24, 25]. This recommendation came despite the
con�rmation of COVID-19 human-to-human transmission that has been reported in several countries
 [24]. Therefore, countries that rely on tourism or expect to receive a large number of travelers would need
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to invest in public health services to protect and prepare for infectious diseases that may cross their
borders and affect their population, healthcare systems, and tourism industry.

The number of laboratory tests of COVID-19 cases was associated with a higher incidence rate and
negatively with the critical case rate. It has been suggested that, due to limited resources, low and middle-
income countries have performed a smaller number of tests and reported fewer cases compared to high-
income countries [26, 27]. As a result, this might explain the under-reported number of cases in these
countries. Early detection of cases could lead to early isolation and management of cases and could
prevent the pandemic spread into vulnerable populations. This also indicates an underreported number of
cases in countries with a low number of tests where testing is only performed on cases presented into
healthcare facilities.   

The recovery rate was found to be inversely associated with migration. Despite �ndings in previous
studies that suggested migrants have better physical health and outcomes [28, 29].

Other factors could also impact positively on the spread of COVID-19, such as the median age that was
associated with a higher incidence rate. Life expectancy was associated with mortality rate, which might
explain the observation of Germany’s lower mortality rate as compared to that of Italy or Spain [30]; and
male life expectancy, in particular, was associated with higher critical cases rate.

The current measures to curb the spread of COVID-19 are mainly public health countermeasures as the
medical (vaccine or therapeutic) interventions would take months to years to be available for use. The
impact of intense gathering versus social distancing on COVID-19 spread was not analyzed here, but it
has to be considered in assessing the effects of public health measures. The country score in
implementing the WHO International Health Regulations ((IHR) 2005), which is signed by 195 countries to
prepare for pandemics, should also be analyzed in future studies to gauge the status of pandemic
preparedness, especially as tested by COVID-19 pandemic. Pandemic preparedness is included in the G20
Summit agenda since the 2018 Summit; therefore, G20 countries and WHO are encouraged to revisit the
IHR (2005) in order to assess the real utility of these regulations.

This study is the �rst to examine a wide variety of country-level factors. Nonetheless, it has some
limitations as it was based on publicly accessible information and data that cannot be veri�ed. Some
potential confounders were not taken into account; for example, biological factors that may contribute to
the spread of COVID-19. These factors include possible genetic variations in some of the SARS-CoV-2
isolates or the expression level of ACE2 (the cellular receptor for the virus) in certain populations based
on the rate of chronic diseases, smoking, diet, or other population-based health conditions [31].

Conclusion
GOVID-19 pandemic has revealed challenges to the public health systems in which we found that
countries' demographic and socioeconomic indicators associated with the COVID-19 outcomes.
Countries should invest and maintain the public health system for detection, reporting, and responding to
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a pandemic. Some of the public health response plans should depend on a country demographic that
includes a better screening and testing system that may detect more infectious disease outbreaks that
allow for early management and control. 

Abbreviations
COVID-19 Coronavirus infectious disease 2019  

WHO World Health Organization (WHO)

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2  

MERS-CoV Middle East respiratory syndrome coronavirus

GDP Gross domestic product

GHS Global Health Security

IHR International Health Regulations

G20 Group of Twenty

ACE2 Angiotensin-converting enzyme 2
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Figures

Figure 1

A linear relationship between the log transformation of the incidence rate and the standard score of GDP
per Capita. Including 60 countries with more than 1000 cases reported (R2=0.41).

Figure 2

. A linear relationship between the log transformation of the incidence rate and the standard score of
median age. Including 59 countries with more than 1000 cases reported (R2=0.33).
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Figure 3

A linear relationship between the log transformation of the incidence rate and the standard score of life
expectancy. Including 60 countries with more than 1000 cases reported (R2=0.43).

Figure 4

A linear relationship between the logit transformation of critical cases rate and the standard score of the
number of tests per 1 million. Including 55 countries with more than 1000 cases reported (R2= 0.042).
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Figure 5

A linear relationship between the log transformation of mortality rate and the standard score of life
expectancy. Including 60 countries with more than 1000 cases reported (R2= 0.30).

Figure 6

A linear relationship between the log transformation of mortality rate and the standard score of the total
number of travelers, including 60 countries with more than 1000 cases reported (R2= 0.06).


