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Association between COVID-19 incidence and outcome
and national development levels: An ecologic analysis
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ABSTRACT: This study aimed to evaluate the association between COVID-19 incidence and outcome and national
development level. Spearman correlation analysis method was performed to analyze the relationship between COVID-
19 incidence, mortality, and recovery rates as of 27 August 2020 and Human Development Index (HDI) and Inequality-
adjusted Human Development Index (IHDI) from 177 countries. The pandemic situation varied obviously from country
to country, and the most cases mainly concentrated in few countries with very high or high HDI, such as United
States and Brazil. The incidence rates of COVID-19 were significantly positively correlated with HDI and IHDI, but the
correlation among mortality, recovery rates, HDI, and IHDI were not significant. In the stratified analysis, the incidence
rate in countries with low IHDI and the recovery rate in countries with medium IHDI were significantly positively
correlated with IHDI. In countries with very high HDI, the mortality rate was significantly positively correlated with
HDI. The findings provide new insights into the relationship between COVID-19 and social determinants of health
and inspire policy makers to adjust prevention and control strategies for reducing damages caused by this epidemic.
Nevertheless, long-term observation and follow-up studies are necessary to be implemented continuously in the future.
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) is
an acute infectious disease caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and characterized by respiratory symptoms
and fever [1,2]. The disease first broke out in
Wuhan, China and, then, spread to the whole world,
becoming the most serious global public health
event in recent years [3]. According to incomplete
statistics, a total of 24 203 260 confirmed cases and
826 418 deaths were recorded as of 27 August 2020
worldwide. To control the pandemic of COVID-
19, national governments have adopted the most
stringent prevention and control measures to reduce
the flow of population and avoid crowds; and to
minimize the risk of virus transmission by imple-

menting lockdown of cities, school closures, factory
shutdowns, travel restrictions, etc. Although some
governments have controlled the pandemic effec-
tively in their own countries, the situation of the
COVID-19 pandemic is still not optimistic from the
global perspective.

Previous serious public health events showed
that the impact of outbreak on poor and vulner-
able groups is often disproportionate [4,5]. In
particular, social vulnerability and inequality in this
outbreak have contributed to the morbidity and ad-
verse outcomes of COVID-19 in many ways, thereby
facilitating the spread and intensifying severity of
this disease to a certain extent [6]. The outbreak
has promoted the occurrence of economic crises,
increased unemployment, and weakened the social
welfare safety net; in this regard, the poor, which
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are socially and economically disadvantaged, face
greater health risks [5]. Therefore, incorporating
the social determinant of health into the COVID-19
pandemic research is necessary. Most previous stud-
ies on the morbidity and mortality of the COVID-
19 pandemic influenced by socio-economic factors
focused on the individual or social level [6-8]; no
national study to date has evaluated the association
between social determinants and COVID-19.

In this ecological study, we analyzed the cor-
relation between the incidence and outcome of
COVID-19 and the Human Development Index
(HDI) and Inequality-adjusted Human Development
Index (IHDI) from 177 countries to determine the
relationship of national development and pandemic
situation. The findings would provide new insights
into the relationship between COVID-19 and social
determinants of health and inspire policy makers to
adjust prevention and control strategies for reducing
damages caused by the epidemic.

MATERIALS AND METHODS
Data resource

Since the outbreak of COVID-19, numerous insti-
tutions have released real-time epidemic data. In
this study, data, including cumulative number of
confirmed cases, deaths, and recovered cases, were
obtained from the Website of Johns Hopkins Uni-
versity as of 27 August 2020 [9]. HDI and IHDI
data were obtained from the Human Development
Report released by the United Nations Development
Program (UNDP) [10], which is released annually.
Given that the data of 2019 have not yet been
released and are relatively stable in recent years,
HDI and IHDI data published in 2018 would be used
in this study. The demographic data of each country
were obtained from the World Health Organization
(WHO) website [11]. All the data in this research
were public and did not involve any personal infor-
mation, so ethical approval was not required.

HDI and IHDI

HDI data have been published by the UNDP since
1990 and used to measure the level of socio-
economic development of countries or regions. HDI
is a composite index of health, education, and in-
come ranging from O to 1. Health index is based
on life expectancy at birth, education index is cal-
culated based on the mean years of schooling and
expected years of schooling, and GNI per capita (per
capita gross national income) is used to calculate
the income index. Specific calculation formulas
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and explanations can be referenced from technical
notes [12]. According to HDI, countries can be di-
vided into four categories as follows: countries with
very high HDI (HDI > 0.800), high HDI (0.799 >
HDI 2> 0.700), medium HDI (0.699 > HDI > 0.550),
and low HDI (HDI < 0.550).

The effects of inequality among various coun-
tries are not considered in HDI; therefore, the appli-
cability of this index is often questioned. Inequality-
adjusted Human Development Index (IHDI), which
is based on a distribution-sensitive class of com-
posite indices proposed by Foster, Lopez-Calva, and
Sleekly (2005), completely considers statistical bi-
ases caused by social inequality [12]. IHDI explains
the inequality of HDI dimensions. IHDI equals HDI
when no inequality exists across people but falls
below the HDI when inequality rises.

Statistical analysis

Spearman correlation analysis was used to explore
the correlation of the incidence, mortality, and re-
covery rates of COVID-19 to HDI and IHDI. The
strength of the correlation between two variables
was expressed by Spearman correlation coefficient
(ry): ry > 0, positive correlation; r, < 0, negative
correlation; and r, = 0, irrelevant. The signifi-
cance level of p < 0.05 was considered. We first
analyzed the correlation between overall incidence,
mortality, and recovery rate of COVID-19 and HDI
and IHDI. Countries were grouped according to the
values of HDI and IHDI, and correlation analysis
was conducted again. The above methods were
performed by SPSS statistical software (version 24.5
for Windows software).

RESULTS
Prevalence of COVID-19

At present, COVID-19 has spread globally and is
distributed in 188 countries or regions. Countries
with more than 1 million cumulative confirmed
cases include the United States, Brazil, and India,
and more than half of the total confirmed cases
worldwide are found in these countries. In the
semilogarithmic coordinates in Fig. 1, the Y-axis is
the logarithmic scale, and countries are arranged
in descending order by HDI on the X-axis. The fig-
ure exhibits the prevalence of COVID-19 in various
countries, which were divided into four categories
according to HDI. In general, the prevalence of the
situation varied in different countries. The number
of cumulative confirmed cases was above 100 000 in
countries with very high or high HDI, but this num-
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Fig. 1 Prevalence of COVID-19 in various countries. (A-D) Four categories of countries development according to HDI:
the Y-axis was logarithmic scale, and countries were arranged in descending order by HDI on the X-axis.

ber was low in countries with medium or low HDI. Table 1 Correlation analysis results and correlation co-
Cumulative confirmed cases, deaths, and recovered efficients between COVID-19 incidence, mortality, and
cases were mainly distributed in few countries with ~ recovered rates and HDI and IHDL

very high HDI (e.g., United States, Russian, Chile,
and United Kingdom) and high HDI (e.g., Brazil,

Incidence rate  Mortality rate  Recovery rate

South Africa, and Peru). The number of cases in the Ts P Ts p Ts P
other countries was relatively small. HDI 0.507 <0.001" 0.118 0.119 0.146 0.054

IHDI 0.492 <0.001" 0.156 0.060 0.123 0.140
Correlation analysis " Statistically significant.

We analyzed the correlation of the incidence, mor-

tality, and recovery rates of COVID-19 to HDI

and IHDI. Overall, the incidence rate of COVID- Given that different countries have different
19 was significantly positively correlated with HDI  levels of development, the relationship of the inci-
and IHDI, and the correlation was strong. This dence, mortality, and recovery rates of COVID-19
finding suggested that the incidence of COVID-19 to HDI and IHDI should be further analyzed at the
increased with increasing HDI and IHDI. However, same level of development. We divided all countries
the mortality and recovery rates of COVID-19 were into four hierarchies based on HDI and IHDI values
not positively correlated with HDI and IHDI (Fig. 2, and performed correlation analysis. The incidence
Table 1). rate in the low IHDI group and the recovery rate in
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Fig. 2 Scatter plots and linear fit curve of countries’ incidence, mortality, and recovered rates and HDI and IHDI.

Table 2 Stratified analysis and correlation coefficient
between COVID-19 incidence, mortality, and recovery
rates and HDI and IHDI.

Incidence rate ~ Mortality rate  Recovery rate

T P P . p

HDI i

Veryhigh 0.020 0.880 0.297 0.021° —0.094 0.477
High —0.014 0924 0.141 0.324 0.238 0.096
Medium  0.369 0.045° 0.205 0.276 —0.235 0.211
Low 0.174 0312 —0.171 0.320 —0.145 0.399
IHDI

Very high —0.063 0.761 0.215 0.291  0.221 0.288
High —0.173  0.430 —0.027 0.902 —0.163 0.457_
Medium —0.075 0.652 <0.001 0.999 0.488 0.002
Low 0.491 <0.001" —0.155 0.241 —0.009 0.947

" Statistically significant.

the medium IHDI group were significantly positively
correlated with IHDI (r, = 0.491, p < 0.001; and
r, = 0.488, p = 0.002, respectively). In countries
with very high HDI, the mortality rate was signif-
icantly positively correlated with HDI (r, = 0.297,
p = 0.021). In the other groups, the incidence,
mortality, and recovery rates were not significantly
correlated with HDI or IHDI (Fig. 3, Table 2).

DISCUSSION

The outbreak of COVID-19 is the most serious global
public health event in recent decades [13] and has
greater scale and influence compared with the epi-
demic of SARS, MERS, and flu [14]. The impact of
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this outbreak will expand and will not reach its peak
in a short time because considerable uncertainty
exists with regard to the reach of the virus, the
medical supply reserve, the efficacy of the policy
response, and other aspects. Socio-economic factors
are significant for the outbreak and have received
extensive attention. In this study, we analyzed the
correlation of the incidence, mortality, and recov-
ery rates of COVID-19 to HDI and IHDI from 177
countries to determine the relationship of national
development and the pandemic situation. The main
findings were as follows. (1) The pandemic situa-
tion varied obviously from country to country, and
the highest number of cases mainly concentrated in
countries with very high or high HDI, such as the
United States and Brazil. (2) The incidence rates
of COVID-19 were significantly positively correlated
with HDI and IHDI, but the correlation between
mortality and recovery rates and HDI and IHDI
were not significant. (3) In the stratified analysis,
the incidence rate in countries with low IHDI and
the recovery rate in countries with medium IHDI
were significantly positively correlated with IHDI. In
countries with very high HDI, the mortality rate was
significantly positively correlated with HDI. These
findings provided new evidence for the association
between COVID-19 pandemic and socio-economic
factors and references for decision-makers to adjust
prevention strategies.

HDI was initially utilized to measure the socio-
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Fig. 3 Scatter plots and linear fit curve of countries’ incidence, mortality, and recovered rates and HDI and IHDI,
stratified based on different levels of development.
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economic development of member states in the
United Nations, and its index significance on com-
prehensive measurement is accepted worldwide and
recognized as a beneficial supplement to GDB GNB
and other indicators. Advantages of this index are
as follows: (1) its meaning is definite and data
acquisition, calculation and comparison are easy;
(2) it is applicable to various groups and can re-
flect discrepancies in income distribution, gender,
regional distribution and ethnic groups [15]. Al-
though HDI is a vital and comprehensive indica-
tor for measuring the socio-economic development
level of countries or regions, its kernel still empha-
sizes that “people and their capabilities should be
the ultimate criteria for assessing the development
of a country, not economic growth alone”, and that
the average achievement in key aspects of human
development includes a long and healthy life, be-
ing knowledgeable, and a decent standard of liv-
ing [16]. In brief, HDI measures the level of human
development and reflects the social progress that
provides a new perspective for people to evaluate
social development. Previous experiences remind
us that epidemics are not only a medical issue, but
also a social problem. Factors, such as income
inequality, educational background, and availability
of healthcare services, may affect the incidence and
outcome of infectious diseases [17]. Therefore, as
an intuitive indicator generalizing the above factors,
HDI should be considered to explore the association
between national development level and COVID-19
incidence and outcome.

In general, HDI is considered to be negatively
correlated with disease morbidity or mortality; this
conclusion has been confirmed by many previous
studies [18-21]. The incidence, mortality, and re-
covery rates of COVID-19 increased with increasing
HDI and IHDI, suggesting a positive correlation
between the pandemic situation and national devel-
opment, consistent with the results of the research
by Sebastiano Gangemi, et al [8]. The contradicting
findings may be explained as follows. Compared
with some chronic diseases (e.g., cervical cancer,
hypertension, obesity, etc.) and infectious diseases
(e.g., TB, AIDS, malaria, etc.), emerging infectious
diseases (EIDs) cannot be easily prevented and con-
trolled due to uncertainty of outbreak, limitation of
knowledge of the disease, insufficient herd immu-
nity, lag of therapy, and so on [22,23]. Moreover,
prevention systems built on existing knowledge of
infectious diseases may not be always efficacious.
Therefore, countries will face the risk of spreading
COVID-19. An objective fact is that developed
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countries are characterized by high urbanization
rates, dense urban population, sound transportation
networks, and convenient commuting conditions,
thereby facilitating the speed and breadth of virus
spread [24]. Previous studies suggested the sig-
nificant positive correlation between the number
of cases and domestic traffic [25]. The United
States, Canada, and other countries reported the
cases to be related to domestic and international
travel [26,27]. In addition, Maogui Hu, et al [28]
assessed the risk of COVID-19 transmission in train
by using modelling study. The personal income level
is generally poor in developing countries compared
with that in developed countries; people with poor
economic conditions are more likely to possess poor
social network and low social support. Hence,
external and non-home-based relationships are less
established in low-income groups; however, the
group with higher economic status may participate
in more social activities and spend more time to stay
in densely populated places, such as business activi-
ties, parties, shopping, concerts, etc.; the difference
increases with socio-economic status [29]. Thus,
population clustering provides favorable conditions
for viral transmission.

Another explanation may be related to higher
rates of screening, detection, and treatment in de-
veloped countries, while in less developed countries,
reliable case screening and timely treatment are
difficult to ensure [30,31]. Early identification of
virus carriers and patients and implementing iso-
lation and treatment measures to stop viral spread
are crucial for epidemical prevention and control.
These processes require the government to provide a
large amount of financial funds and medical supply
supports. For example, viral nucleic acid screen-
ing of high-risk groups, disinfection and manage-
ment of contaminated sites, therapy of confirmed
patients, medical insurance fund reserve, and so
on need to expend a high amount of government
funds. According to statistics, the Chinese and
the United States governments have successively
invested 175.6 billion yuan (RMB) and 50 billion US
dollars [32], respectively, in epidemic prevention.
However, these necessary costs make it difficult for
low-developing countries to sustain. In addition,
the poor medical conditions, lack of materials, and
other problems in these counties cause difficulties
in identifying the infection sources and diagnosis
of suspected cases, thereby, obviously reducing the
possibility of case detection. Consequently, the
“iceberg” phenomenon of COVID-19 may be more
prominent in low-developing countries [30].
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In this study, overall, the COVID-19 mortality
and recovery rates were not significantly associated
with HDI and IHDI, which may be related to the
characteristics of the disease. At present, no specific
treatment, drugs, monoclonal antibodies (mAbs),
or vaccines exist for SARS-CoV-2 [33]. Based on
in vitro experiments and clinical treatment expe-
rience of SARS-COV, MERS-CoV, and other coro-
naviruses, treatment is essentially supportive and
symptomatic. In addition, most cases displayed
no, mild, or moderate symptoms, accounting for
about 85% of all cases; as such, special treatment
is not necessary for them except for maintaining
good hydration and nutrition, controlling fever and
cough, and isolation [34]. As a result, the recovery
rate is generally high in each country. As the
outbreak is not over yet, the number of cases is being
updated daily, so cumulative confirmed cases, as the
denominator, strongly influenced the mortality and
recovery rates. We calculated Spearman correlation
coefficient (r,) between mortality and recovery rates
and HDI and IHDI in different periods and found
that the correlation coefficient and significance de-
creased gradually. Therefore, continuous observa-
tions and researches are necessary.

In the stratified analysis, the incidence, mortal-
ity, and recovery rates of COVID-19 were not signif-
icantly correlated with HDI and IHDI at most levels,
but only weakly correlated with low, medium, and
very high HDI levels. This phenomenon may be
caused by statistical error; therefore, the following
limitations of the study should be improved. First,
the pandemic is not over yet, and case data are
being updated every day; thus, data involved in this
study do not wholly reflect the COVID-19 pandemic,
and the conclusion may be skeptical. Second,
stratified heterogeneity may potentially affect the
result; hence, more and more detailed data should
be collected for further analysis and calculation.
For instance, mortality is regarded as crude among
many available calculations, so age-adjusted mortal-
ity may be more appropriate. Third, this work is an
ecological research; as such, avoiding bias caused
by ecological fallacy is difficult [35]. Finally, we did
not consider the different impacts of national public
health strategies, the efficacy of government leader-
ship, social hot spots, regional culture and religion,
and other socio-economic factors on the COVID-19
spread. Long-term observation and follow-up stud-
ies are necessary to be implemented continuously
in the future so we can identify the relationship
between national development and COVID-19 pan-
demic situation.
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A study using the ARIMA model predicts that
countries with the highest number of COVID-19
cases will appear between December 2020 and April
2021. In addition, the study predicts that if cur-
rent preventive measures are completely relaxed,
a second pandemic rebound could occur within a
year [36]. We must consider the current uncer-
tainty of the COVID-19 pandemic, as well as an
increasingly interconnected and complex world that
requires a flexible and resilient response to future
unexpected events and circumstances.
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