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OBJECTIVES: During the coronavirus disease 2019 (COVID-19) pandemic, crude incidence and mortality rates have been
widely reported; however, age-standardized rates are more suitable for comparisons. In this study, we estimated and compared
the age-standardized incidence, mortality, and case fatality rates (CFRs) among countries and investigated the relationship be-
tween these rates and factors associated with healthcare resources: gross domestic product per capita, number of hospital beds
per population, and number of doctors per population.

METHODS: The incidence, mortality, and CFRs of 79 countries were age-standardized using the World Health Organization
standard population. The rates for persons 60 years or older were also calculated. The relationships among the rates were anal-
ysed using trend lines and coefficients of determination (R”). Pearson correlation coefficients between the rates and the health-
care resource-related factors were calculated.

RESULTS: The countries with the highest age-standardized incidence, mortality, and CFRs were Czechia (14,253 cases/100,000),
Mexico (182 deaths/100,000), and Mexico (6.7%), respectively. The R’ between the incidence and mortality rates was 0.852 for
all ages and 0.945 for those 60 years or older. The healthcare resources-related factors were associated positively with incidence
rates and negatively with CFRs, with weaker correlations among the elderly.

CONCLUSIONS: Compared to age-standardized rates, crude rates showed greater variation among countries. Medical resources
may be important in preventing COVID-19-related deaths; however, considering the small variation in fatality among the elderly,
preventive measures such as vaccination are more important, especially for the elderly population, to minimize the mortality rates.
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there were 131,077,562 confirmed cases and 2,852,221 deaths world-
wide, with the United States accounting for the highest number of
cases and deaths (30,372,016 cases and 551,391 deaths) [3].

During the COVID-19 pandemic, information on the number
of cases and deaths has been communicated through various media
channels, including online dashboards. Various organizations, in-
cluding the WHO, Johns Hopkins University (JHU), and Worldom-
eter, have been reporting global COVID-19 statistics [3-5]. The
WHO has been reporting the daily and cumulative confirmed cases
and deaths in 235 countries or areas and the JHU dashboard has
been reporting cumulative cases, active cases, incidence rates, case
fatality ratios, and testing rates by country, region, and sovereignty.

The current statistics available are limited to crude rates, which
fail to account for the differences in age distribution across coun-
tries. Most previous studies that reported age-standardized rates
were confined to a few countries [6], although a recent study re-
ported the age-standardized COVID-19 mortality rates of 51 coun-
tries [7]. To enhance the comparability of rates among countries
in a more comprehensive manner, we aimed to estimate and com-
pare age-standardized incidence, mortality, and case fatality rates
(CFRs) among countries throughout the world. In addition, we
further analysed the relationship between age-standardized inci-
dence, mortality, and CFRs and factors related to healthcare re-
sources, such as gross domestic product (GDP) per capita, num-
ber of hospital beds per population, and number of doctors per
population.

MATERIALS AND METHODS

Selection of countries

To maximize the number of countries included in the analysis,
we investigated the availability of publicly released COVID-19
data from all countries. Data sources included situation reports
from official national COVID-19 websites, dashboards, raw data,
and, if these were not available, news articles. We included coun-
tries that had provided up-to-date data regarding the age distribu-
tion of COVID-19 cases and/or deaths as of April 6, 2021, result-
ing in a total of 79 countries. Among these countries, 16 countries
provided age distribution data only for cases, 6 countries provided
age distribution data only for deaths, and 57 countries provided
age distribution data for both cases and deaths. Collective data
were not available for the United Kingdom. For the analysis, we
unified the age groups for cases and deaths in England, Scotland,
Wales, and Northern Ireland. The specific sources of data are sum-
marized in Supplementary Material 1.

Age distribution of cases and deaths
Age group classifications varied across countries: some coun-

tries grouped cases or deaths according to 5-year age groups, while
others used 10-year age groups. We used the following rules to uni-
fy the structure of the data while maintaining data integrity. Ex-
ceptions to these rules are summarized in the Supplementary
Material 2.
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Rule 1

Age groups with an age range smaller than a 10-year range (i.e.,
5-year age groups) were converted to 10-year age groups; however,
age groups with a range greater than 10 years were not converted
to 10-year age groups due to bias associated with the transforma-
tion. Uniformity was compromised to minimize bias. Ten-year
age groups grouped starting from 0-4 years (5-14, 15-24...) and
0-9 years (10-19, 20-29...) were used without any further conver-
sion. When age groups differed between cases and deaths, age-stand-
ardized incidence and mortality rates were calculated independently
based on the original age structure for cases and deaths (Argentina,
Belgium, Bermuda, Chile, Finland, Luxembourg, Mozambique,
and Norway); however, for CFR calculations, which require uni-
form age distributions for cases and deaths, the age groups for cases
were transformed to match the age groups for deaths. For countries
that reported age data for cases/deaths, cases/deaths were grouped
into 10-year age groups, of which 80 and above was the oldest.

Rule 2

To analyse the age-standardized rates for those aged 60 or older
for countries that used age groups that included the age of 60 (i.e.,
55-64 years), the number of cases/deaths was divided proportion-
ally according to the population distribution of those aged less
than 60 and those aged 60 and above (i.e., 55-59 and 60-64 years).

Rule 3

In some countries, the total numbers of cases and deaths did
not equal the sum of all cases or deaths for each age group. Age-
standardized rates were underestimated for countries with greater
proportions of unidentified ages for cases and deaths. To minimize
the degree of underestimation, cases or deaths of unidentified age
were redistributed among all age groups according to the known
proportion of cases or deaths in each age group.

Population of each country and standard population

Population data were obtained from the United Nations Popu-
lation Division's “World Population Prospects: The 2019 Revision”
[8]. Alternative sources of data were used for countries not includ-
ed in the report. For example, Taiwan’s population was sourced
from the National Statistics of Taiwan [9], the population of the
Faroe Islands was sourced from the Demographic Statistics Data-
base maintained by the United Nations Statistics Division [10],
the population of the Isle of Man was sourced from the 2016 Isle
of Man Census Report [11], and Bermudas population was sourced
from the Department of Statistics of Government of Bermuda
[12]. Incidence, mortality, and CFRs were standardized using the
WHO world standard population distribution (2000-2025) [13].
Exceptions with regard to population structure are summarized
in the Supplementary Material 2.

Case fatality rate
The CFR is the proportion of the number of deaths from COV-

ID-19 compared to the number of confirmed cases of COVID-19
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[14]. The CFR was calculated by the following equation:

The number of deaths from COVID — 19
The number of confirmed cases of COVID —

CFR (%) = 100 X 75 (%)

Other variables

The 2019 GDP per capita data were obtained from the Interna-
tional Monetary Fund [15]. There were some exceptions: GDP
data for Lebanon, Bermuda, the Isle of Man (2018), and the Faroe
Islands (2018) were retrieved from the World Bank [16]. The Cen-
tral Intelligence Agency (CIA) World Factbook [17] provided in-
formation on the number of hospital beds per population. There
were some exceptions: data for the United States and Nigeria were
obtained from the WHO [18], data for Palestine were obtained
from Palestinian Central Bureau of Statistics [19], data for Bermu-
da and the Isle of Man were obtained from the World Bank [20]
and data for Macao and Taiwan were obtained from the National
Bureau of Statistics of China [21]. Data on the number of medical
doctors per population were obtained from the WHO [22]. There
were some exceptions: data for Hong Kong, Macau, and the Faroe
Islands were retrieved from the CIA World Factbook [23], data for
Palestine were obtained from Palestinian Central Bureau of Statis-
tics [17], data for Bermuda and the Isle of Man were obtained from
the World Bank [24] and data for Taiwan were retrieved from the
Taiwan health and welfare report [25].

Statistical analysis

To account for the differences in age structure across all coun-
tries when comparing the incidence, mortality, and CFRs, direct
age standardization was performed as follows:

n Ck
I = 100,000 x Wy —
— Pk

n dk
Mg = 100,000 x Zwk—
= Pk

n dk
F=100%X ) wi—
Ck

k=1

where I, M,, F, are the age-standardized incidence, mortality, and
CFRs, respectively. k=1, ..., n represents each age group, w, is the
proportion of the standard population in the kth age group, ¢, is
the number of cases in the kth age group, d, is the number of
deaths in the kth age group, and p, is the population of the kth age
group. The same method was used to calculate the truncated rates
for those aged 60 years or older.

All variables were log-transformed to achieve a normal distribu-
tion. Trend lines and coefficients of determination (R’) were obtained
to estimate the relationships among (1) the age-standardized inci-
dence and mortality rates (all ages), (2) truncated age-standardized
incidence and mortality rates (age>60), and (3) CFRs for all ages
and CFRs for those 60 years or older. Pearson correlation coefti-
cients between the standardized rates and the factors related to

healthcare resources, such as GDP per capita, the number of hos-
pital beds per population, and the number of doctors per popula-
tion, were calculated. All analyses were performed with SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA), and statistical signif-
icance was set at the level of a.=0.05.

Ethics statement
The study was approved as exempt by the Institutional Review

Board of Seoul National University College of Medicine/Seoul
National University Hospital (E-2012-110-1183) because all anal-
yses were conducted using publicly available data without personal
identification information.

RESULTS

The crude and age-standardized incidence, mortality, and CFRs
in 79 countries from 6 continents as of April 6, 2021 are presented
in Table 1. Czechia, Montenegro, Luxembourg, Israel, and Slovenia
showed the highest age-standardized incidence rates, with 14,253,
13,866, 10,145, 9,966, and 9,916 cases per 100,000, respectively.
The top 5 countries with the highest age-standardized incidence
rates differed for those aged 60 years or older; these age-standard-
ized incidence rates were the highest in Montenegro, Czechia, Leb-
anon, Palestine, and Moldova, with 14,973, 12,778, 12,015, 11,367,
and 9,689 cases per 100,000, respectively. The top 5 countries in
terms of crude incidence rates were Montenegro, Czechia, Slovenia,
Luxembourg, and Israel. For those aged 60 years or older, the top
5 countries in respect of crude incidence rates were the same as
those for the age-standardized incidence rates for those 60 years
or older.

The age-standardized mortality rate rankings differed from the
age-standardized incidence rate rankings. The top 5 countries, in
order, were Mexico, Peru, Panama, Palestine, and Jordan, with
182.1,152.9,134.2, 130.3, and 130.2 deaths per 100,000, respectively.
For those aged 60 years or older, Mexico, Palestine, Peru, Jordan,
and Panama showed the highest age-standardized mortality rates,
with 992.4, 942.9, 879.2, 876.4, and 831.3 deaths per 100,000, re-
spectively. The crude mortality rates for all ages were the highest
in Czechia, Hungary, Bosnia and Herzegovina, Montenegro, and
Belgium, whereas Mexico, Czechia, Peru, Panama, and Palestine
showed the highest crude mortality rates for those aged 60 years
or older. For all countries, the truncated age-standardized mortal-
ity rates (age > 60) were higher than the overall age-standardized
mortality rates; however, there was no consistency with regard to
the age-standardized incidence rates.

The age-standardized CFRs were highest in Mexico (6.7%), Es-
watini (3.7%), Ecuador (3.5%), Guatemala (3.4%), and Indonesia
(2.5%). For those aged 60 years or older, Mexico (34.1%), Eswatini
(19.8%), Ecuador (19.0%), Fiji (18.6%), and Guatemala (17.4%)
showed the highest age-standardized CFRs. The crude CFRs were
highest in Mexico, Ecuador, Bosnia and Herzegovina, Bulgaria,
and Eswatini. For those aged 60 years or older, Mexico, Fiji, Eswati-
ni, Ecuador, and Guatemala showed the highest crude CFRs. For
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Figure 1. Age-standardized incidence and mortality rates (all ages). R?, coefficients of determination.

all countries, the truncated CFRs (age > 60) were higher than those
for all ages.

The crude rates were found to have greater variation than the
age-standardized rates. The standard deviations of age-standardized
incidence, mortality, and CFRs were 3,474.7, 45.6, and 1.1, respec-
tively. They were smaller than those for the crude rates (3,547.6,
73.7,and 1.4 for the crude incidence, mortality, and CFRs, respec-
tively).

A strong correlation between age-standardized incidence and
age-standardized mortality rates was found (Figure 1). The R” be-
tween the log-transformed age-standardized incidence and log-
transformed age-standardized mortality rates was 0.852. A stronger
correlation (R*=0.945) was found between the truncated log-trans-
formed age-standardized incidence (age>60) and truncated log-
transformed age-standardized mortality rates (age > 60) (Figure 2).
The CFRs for all ages and those for individuals aged 60 years or
older also showed a strong correlation (R*=0.917) (Figure 3).

Table 2 shows the Pearson correlation coefficients among the
log-transformed variables used in this study. The incidence rates
showed a positive correlation with the number of doctors per pop-
ulation (r=0.47, p <0.001). With regard to the mortality rate, only
the number of doctors per population showed a significantly pos-
itive correlation (r=0.29, p=0.023). However, the CFR showed
negative correlation coefficients with GDP per capita (r=-0.54,
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p<0.001), the number of beds per population (r=-0.56, p<0.001),
and the number of doctors per population (r=-0.37, p=0.005).
In analyses limited to the elderly, weaker correlations were shown.
The incidence rate showed a positive correlation with the number
of doctors per population (r=0.37, p=0.001). The number of doc-
tors per population showed a positive correlation with the truncated
age-standardized mortality rate (age > 60). However, the truncated
CEFR (age>60) showed negative correlation coefficients with GDP
per capita (r=-0.36, p=0.006) and the number of beds per popu-
lation (r=-0.41, p=0.002).

DISCUSSION

In this study, we calculated the age-standardized incidence, mor-
tality, and CFRs for all ages and for those aged 60 years or older.
The incidence and mortality rates showed a strong correlation. CFRs
were negatively correlated with GDP per capita, the number of
hospital beds per population, and the number of doctors per pop-
ulation.

This is the first study to compare age-standardized incidence
rates and CFRs among the largest possible number of countries
worldwide; however, a recent study compared age-standardized
COVID-19 mortality rates among 51 countries [7]. In addition,
we also compared standardized rates for those aged 60 years or
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Table 2. Pearson correlation coefficients among the log-transformed variables
All ages Age=>60
Variables L ;
Incidence p-value Mortality p-value CFR p-value Incidence p-value Mortality p-value CFR p-value
GDP per capita 0.27 0.019 0.09 0.498 -0.54  <0.001 0.14 0.254 0.13 0.301 -0.36 0.006
No. of beds 0.24 0.037 0.00 0.979 -0.56  <0.001 0.19 0.115 0.04 0.737 -0.41 0.002
No. of doctor 0.47 <0.001 0.29 0.023 -0.37 0.005 0.37 0.001 0.33 0.009 -0.18 0.194

All variables were log-transformed.
CFR, case fatality rate; GDP, gross domestic product.

older and analysed the correlations between the standardized
rates and factors associated with medical resources, namely, GDP
per capita, the number of hospital beds per population, and the
number of doctors per population.

Age adjustment is important when comparing incidence, mor-
tality, and fatality rates among countries due to differences in age
structures. Interpreting disease patterns across countries using
non-standardized rates could lead to significant bias because dif-
ferences between crude rates may be due to differences in age struc-
tures. A study regarding the comparison of age-standardized
mortality rates of COVID-19 also argued that the age-standardi-
zation is necessary for comparing mortality rates across countries
[7]. For example, Czechia was ranked first for the crude mortality
rate, but ninth for the age-standardized mortality rate. This could
have been because these countries have older populations, leading
to higher crude mortality rates.

The value of age-standardized rates could be different accord-
ing to the source of the population structure of each country, the
standard population used for age-standardization, the intervals of
the age groups, and when the data regarding COVID-19 were col-
lected. The calculated age-standardized mortality rates reported in
a recent study were similar to those in our study because the dates
of data collection were close (both were collected in April 2021),
an identical standard population was used, and both studies sourced
their population structure from the United Nations [7].

Variations in incidence, mortality, and CFRs may be attributa-
ble to differences in test rates, methods for confirming deaths due
to COVID-19, and detection rates of asymptomatic patients. The
7-day moving average of the daily number of tests per 100,000
population varied greatly among countries, with Nigeria reporting
3 tests and Austria reporting 3,023 tests per 100,000 as of April 26,
2021 [26]. Countries with high test rates may report greater num-
bers of cases than countries with lower test rates, resulting in vari-
ation in reported incidence rates among countries. Additionally,
the number of detected asymptomatic patients mainly depends
on the level of testing; moreover, some studies have reported that
the number of asymptomatic patients may vary based on age [27].
Countries that test asymptomatic patients in age groups with great-
er proportions of asymptomatic cases may also report higher in-
cidence rates. In addition, COVID-19 is diagnosed using multiple
methods (i.e., polymerase chain reaction and a rapid antigen test),
which have different levels of sensitivity and specificity [28]. As a
result, the incidence rates could vary according to the method of
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diagnosis. There are 2 main ways in which COVID-19 deaths are
counted. Countries such as Belgium, Canada, and Germany de-
fine COVID-19 deaths as clinically confirmed or probable cases
without laboratory confirmation, whereas countries such as Aus-
tria, Italy, and Spain count deaths due to laboratory-confirmed
COVID-19 [29]. Consequently, mortality rates may be underesti-
mated or overestimated based on the definition of COVID-19
deaths used. In addition, when post-mortem COVID-19 testing
is not conducted, undocumented COVID-19 deaths can occur
for various reasons, such as fear of sending a family member di-
agnosed with COVID-19 to die alone in an isolated facility [30]
or limited testing capacity [31], resulting in the underestimation
of COVID-19 deaths [32].

The positive correlation between incidence rates and the num-
ber of doctors per population and negative correlations between
CFRs and GDP, the number of beds per population, and the num-
ber of doctors per population suggest that medical resources are
important both for detecting COVID-19 cases and preventing
COVID-19-related deaths. In Wuhan, China, the COVID-19 mor-
tality rate was dependent on the timely supply of medical resourc-
es, including intensive care units and health workers [33]. In ad-
dition, an ecological analysis of 65 countries showed that prevent-
ing hospitals from being overrun contributed to flattening the
COVID-19 epidemic curve [34].

The mortality rates were observed to be positively related to the
number of doctors per population. In the early stage of the out-
break, the United States, European countries, and Republic of Ko-
rea recorded high mortality rates in long-term care facilities [35-37].
Subsequently, the fatality rate of the countries decreased with
time. This is thought to be explainable on the basis of the follow-
ing facts: (1) high mortality rates could exist only with high inci-
dence rates; and (2) high incidence rates were associated with the
number of doctors per population. In other words, higher mor-
tality rates were subsequent results of higher incidence rates,
which were associated with the number of doctors per popula-
tion.

The R’ value between the incidence and mortality rates for in-
dividuals aged 60 years or older was higher than that for individu-
als of all ages. Moreover, in contrast to the analysis including all
ages, the analysis of the relationship between the truncated CFR
(age > 60) and the number of beds per population yielded a small-
er absolute value of the Pearson correlation coefficient, suggesting
a much weaker correlation. Even the analysis of the relationship
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between CFR and doctors per population among the elderly did
not show any significant associations. This shows that there is lit-
tle room for intervention to prevent COVID-19 deaths in the el-
derly and that preventing infections may be more effective than
managing elderly COVID-19 patients. This indicates not only that
COVID-19 vaccination is important for older people, but also
that they should have a higher priority for the vaccine. Because
COVID-19 is transmitted through direct contact with respiratory
droplets and indirect contact with contaminated surfaces or spac-
es, preventing transmission in nursing homes or welfare facilities
through periodic disinfection, ventilation, and adherence to quar-
antine guidelines may be important in preventing COVID-19 deaths
among elderly individuals.

There are several limitations to our study. First, the interpreta-
tion of the data may be subject to the ecological fallacy, which is
inherent in ecological studies; the true relationship at the individ-
ual level may differ from the results of our study. Second, data on
COVID-19 were obtained from a snapshot on April 6, 2021, which
does not reflect serial changes, and the abovementioned findings
may have been captured by chance at that time. However, similar
results of this study were observed using the data as of October 8,
2020 (Supplementary Material 3), suggesting that the global sec-
ond wave of the pandemic did not affect the observed correlations.
Third, although cases/deaths without age data were distributed to
avoid the underestimation of age-standardized rates, this may have
shifted the rates in the incorrect direction if cases/deaths with un-
known age were not evenly distributed across the age range of in-
terest. Finally, there may be other variables of interest, such as
testing policies, the government response to COVID-19 (i.e., level
of social distancing), and indicators of national health status, that
were not considered in this study. For example, we could not re-
flect the effects of vaccination. After the United Kingdom started
COVID-19 vaccination on December 8, 2020, it was followed by
other countries [38]. As of April 6, 2021, 64 of the 79 countries
included in this study have started to administer COVID-19 vac-
cines. The proportion of fully vaccinated people against COVID-
19 was highest in Israel (56.44%) and lowest in Viet Nam (0.01%)
at the time we collected the data [39]. However, we could not con-
sider vaccination in our study for the following reasons: (1) there
was a discrepancy in data collecting period between incidence and
vaccination rates; and (2) only a few countries reported demograph-
ic data for vaccinated people. Therefore, further research on the
effects of these factors is needed.

While reports on the clinical course of COVID-19 and the rap-
idly changing daily situation are abundant, discussions on public
health management from a global perspective are limited [40].
We hope that our findings regarding the associations between
age-standardized rates and GDP per capita, number of beds per
population, and number of doctors per population across 79 coun-
tries can serve as a milestone in global public health.

In conclusion, age-standardized rates differed from crude rates
because of discrepancies in the age structure of populations.
Medical resources were associated with higher incidence rates and

lower fatality rates. For those aged 60 years or more, not only
were these associations weaker, but also the correlation between
incidence and mortality rates was stronger than in the overall
population. To minimize the burden caused by COVID-19, pre-
venting infections in the elderly is much more important than
treatment when considering the high fatality rate of COVID-19 in
this group.
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