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ABSTRACT

Objectives: The case fatality rate (CFR) of coronavirus disease 2019 (COVID-19) varies significantly be-
tween countries. We aimed to describe the associations between health indicators and the national CFRs
of COVID-19.
Methods: We identified for each country health indicators potentially associated with the national CFRs
of COVID-19. We extracted data for 18 variables from international administrative data sources for 34
member countries of the Organization for Economic Cooperation and Development (OECD). We excluded
the collinear variables and examined the 16 variables in multivariable analysis. A dynamic web-based
model was developed to analyse and display the associations for the CFRs of COVID-19. We followed
the Guideline for Accurate and Transparent Health Estimates Reporting (GATHER).
Results: In multivariable analysis, the variables significantly associated with the increased CFRs were
percentage of obesity in ages >18 years (B = 3.26; 95%CI = 1.20, 5.33; p 0.003), tuberculosis incidence
(B = 3.15; 95%CI = 1.09, 5.22; p 0.004), duration (days) since first death due to COVID-19 (p = 2.89; 95%
Cl = 0.83, 4.96; p 0.008), and median age (B = 2.83; 95%CI = 0.76, 4.89; p 0.009). The COVID-19 test rate
(B = —3.54; 95%Cl = —5.60, —1.47; p 0.002), hospital bed density (B = —2.47; 95%Cl = —4.54, —0.41; p
0.021), and rural population ratio (B = —2.19; 95%CI = —4.25, —0.13; p 0.039) decreased the CFR.
Conclusions: The pandemic hits population-dense cities. Available hospital beds should be increased. Test
capacity should be increased to enable more effective diagnostic tests. Older patients and patients with
obesity and their caregivers should be warned about a potentially increased risk. Onder Ergéniil, Clin
Microbiol Infect 2021;27:118
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.

Introduction

(CFR) than severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS), which had CFRs of 9.5% and

A novel coronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), emerged in December 2019 in Wuhan,
the capital of Hubei province in China [1]. The virus is responsible
for coronavirus disease (COVID-19), a disease ranging from a mild
respiratory illness to a serious condition that can cause consider-
able mortality [1,2]. COVID-19 has a much lower case fatality rate

* Corresponding author: Onder Ergdniil, Kog University, School of Medicine, In-
fectious Diseases and Clinical Microbiology Department, Istanbul, Turkey.
E-mail address: oergonul@ku.edu.tr (O. Ergoniil).
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34.4%, respectively [3]. However, SARS-CoV-2 is more trans-
missible, with an average Ro of 3, and has caused a higher total
number of deaths [3—5].

According to descriptive data sources, the CFR of COVID-19
varies greatly between countries. Analysis of this variation might
shed light on the bottlenecks of the pandemic. The models that can
project mortality based on health indicators and covariates could
be beneficial for the development of preventive measures.

We aimed to investigate the potential health indicators and
covariates influencing national CFRs of COVID-19 among the
countries of the Organization for Economic Cooperation and

1198-743X/© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Development (OECD). These indicators were relevant for pre-
paredness but not for responsive actions that were taken during the
pandemic. Although the pandemic is still ongoing with fluctuating
numbers, we aimed to contribute to the increasing rapid response
using the current available data. Our findings provide a global
perspective based on the health and demographic factors of each
country adjusted by pandemic duration.

Methods

Our study investigated the association between 18 health in-
dicators and covariates and the national CFRs of COVID-19 adjusted
by pandemic duration in 34 OECD member countries. We obtained
the input data from various international databases according to
our inclusion and exclusion criteria. We followed the Guidelines for
Accurate and Transparent Health Estimates Reporting (GATHER) to
collect and report our data (Supplementary Material Table S1).

Selection and definition of the variables

We included variables of 34 OECD member countries. Variables
were selected if accessible in standardized databases providing
data and statistics for health indicators and covariates, searchable
by year and by country. Health indicators defined as prevalence or
incidence were included, whereas variables based on hospital
admission or mortality data were excluded. We also excluded
gender-specific variables. Our study design is presented in Fig. 1.
We selected 18 variables according to published literature and
expert opinions, and classified them into three major categories:
population health risk factors (n = 11), health system (n = 4) and
propensity covariates (n = 3). We adjusted our model by pandemic
duration in each country (n = 1) (Supplementary Material
Table S2).

The risk factors included variables for major non-communicable
and communicable diseases, which were diabetes prevalence in
ages 20—79 (%) (diabetes prevalence) [6], all cancers prevalence in
ages 15+ (%) (all cancers prevalence) [7], all cancers incidence in
ages 15+ per 1000 people (all cancers incidence) [7], obesity in ages
18+ (%) (obesity prevalence) [8], raised blood pressure in ages 18+

Risk
factors
(n=11)

Databases used: WB, OECD,

(%) (hypertension prevalence) [8], tuberculosis incidence per 1000
people (tuberculosis incidence) [9], HIV/AIDS prevalence in ages
15—49 (%) (HIV/AIDS prevalence) [10], as well as other potential
COVID-19 risk factors including median age (years) (median age)
[11], population in ages 65+ (%) (percentage of age 65+) [12], male
population (%) (percentage of males) [13] and tobacco smoking in
ages 15+ (%) (tobacco smoking prevalence) [14].

The variables under the ‘health system’ category were: number
of hospital beds per 1000 people (hospital bed density) [15],
number of nurses and midwives per 1000 people (nurse and
midwife density) [16], number of doctors per 1000 people (doctor
density) [17,18], and number of tests per 1000 people (test rate)
[19]. The propensity covariates were selected as gross domestic
product (US dollars per capita) (GDP) [20], health spending (US
dollars per capita) (health spending) [21] and rural population (%)
(rural population ratio) [22]. We adjusted our model by time
elapsed since first death (days) (duration since first death) [4]
caused by COVID-19 in each country.

We used population-based international administrative data
sets based on our inclusion and exclusion criteria. We included 34
OECD member countries with complete information in the most
up-to-date sources. Health indicators and covariates were acces-
sible from a variety of international sources. In our study we ob-
tained these data from the World Bank (WB), the Organization for
Economic Cooperation and Development (OECD), the World Health
Organization Noncommunicable Diseases Country Profile (WHO-
NCD), the World Health Organization Global Cancer Observatory
(WHO-GCO), the World Health Organization Global Health Obser-
vatory (WHO-GHO), the Central Intelligence Agency (CIA), the In-
ternational Monetary Fund (IMF), the International Diabetes
Federation Diabetes Atlas (IDF), Our World in Data (OWID) data-
bases, and COVID-19 Dashboard by the Center for Systems Science
and Engineering at Johns Hopkins University (COVID19-JHU)
(Supplementary Material Table S3).

We used mainly the OECD, WB, and WHO databases, which
provided easily accessible, reproducible, and standardized data. If
necessary data were not available, we used additional international
sources for all countries. Among the initial 18 variables, 16 were
obtained directly from the main sources without any modification.

Health Propensity
system covariates
(n=4) (n=23)

WHO-NCD, WHO-GCO,
WHO-GHO, CIA, IMF, IDF, -
OWID, COVID19-JHU

Variables identified based on literature search and expert opinions

(n=18)

(Supplementary Table S3)

A

Collinear variables were excluded

(n=15)

Y

Pandemics duration

(n=1)

Multivariate regression with remaining variables

adjusted by pandemics duration
(n=16)

A

Significant predictors of the national

COVID-19 CFRs
(n=7)

Fig. 1. Study flow for data extraction.
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We calculated cancer prevalence and test rate by dividing the total
numbers of all cancers and tests, respectively, by the total popu-
lation of that country. WHO-GCO cancer prevalence data were from
2018, therefore we used the 2018 population data from the WB
database [23] in our calculation. The test rate was calculated ac-
cording to the 2020 population, which is the latest available census
for all countries. For this purpose, we used the USCB database [24]
which provides accurate and up-to-date demographic data.

Statistical analysis

We first checked the correlation between variables to screen for
collinear variables (Fig. 2). We started with 18 variables and
excluded three of those with Pearson's correlation >0.75 and at
least one other variable from further analysis. We considered the
number of days after the first recorded death due to COVID-19 to
represent the stage of the pandemic in each country. Thus, we
added this information as an adjustment variable (duration since
the first death) to take into account differences between countries
in terms of their pandemic durations, leading to 16 variables in
total. We performed linear regression for each variable adjusted by

Tuberculosis incidence (per 1000)
Tobacco smoking in ages 15+ (%)
Raised blood pressure in ages 18+ (%)
Rural population (%)

' Obesity in ages 18+ (%)

Number of hospital beds (per 1000)

. Number of hospital beds (per 1000)

Tuberculosis incidence (per 1000)

Tobacco smoking in ages 15+ (%)

Raised blood pressure in ages 18+ (%)
Rural population (%)

Obesity in ages 18+ (%)

Diabetes prevalence in ages 20-79 (%)
HIV/AIDS prevalence in ages 15-49 (%)
Number of tests (per 1000)

Male population (%)

Health spending (US dollars per capita)
GDP (US dollars per capita)

Number of nurses and midwives (per 1000)
Duration since first death (days)
COVID-19 CFR (%)

All cancers incidence in ages 15+ (per 1000)
All cancers prevalence in ages 15+ (%)
Number of doctors (per 1000)

Population in ages 65+ (%)

Median age (years) .

Diabetes prevalence in ages 20-79 (%)
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duration since the first death, with national CFR values as the
outcome. We then performed multivariable linear regression with
backward selection to identify a minimal set of predictors from our
variable list. In both adjusted and multivariable linear regression
analyses, the predictors with a fixed range (percentages and inci-
dence rates) were transformed using logit transformation. All sta-
tistical analyses were performed using R version 3.6.3.

Results

In total, 18 variables representing risk factors (n = 11), health
system indicators (n = 4) and propensity covariates (n = 3) were
analysed for 34 OECD member countries (Fig. 1). After collinearity
check, the number of variables was reduced to 15. We decided not
to include three variables—cancer incidence in ages 15+ (per 1000
people), population aged >65 (%), and gross domestic product (GDP,
US dollars per capita)—in our further analyses since the correlation
with another variable exceeded 0.75: incidence of cancers in ages
>15 (per 1000 people) was highly correlated with cancer preva-
lence in ages >15 (%) (p = 0.89), population aged >65 (%) is highly
correlated with median age (years) (p = 0.91), and GDP (US dollars

HIV/AIDS prevalence in ages 15-49 (%)
Number of tests (per 1000)
Health spending (US dollars per capita)
GDP (US dollars per capita)
Number of nurses and midwives (per 1000)
Duration since first death (days)
COVID-19 CFR (%)
Number of doctors (per 1000)
Population in ages 65+ (%)

. Median age (years)

Male population (%)
All cancers incidence in ages 15+ (per 1000)

All cancers prevalence in ages 15+ (%)
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Fig. 2. Collinearity analysis showing the correlation between input variables as of 18th August 2020.
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per capita) is highly correlated with health spending (US dollars per
capita) (p = 0.76) and number of nurses and midwives per 1000
people (p = 0.77). After exclusion of these three variables, the
correlation values between the pairs of remaining 15 variables vary
between —0.72 and + 0.65.

We included the ‘duration since first death’ variable to adjust
our model since the pandemic started at different times in different
countries. We first analysed each of the 15 variables adjusted by
duration since first death by linear regression model (Table 1). As of
18th August 2020, in multivariable backward regression analysis
the variables significantly associated with the increased CFRs were
obesity in ages >18 years ( = 3.26; 95%CI = 1.20, 5.33; p 0.003),
tuberculosis incidence ( = 3.15; 95%CI = 1.09, 5.22; p 0.004),
duration since first death due to COVID-19 (3 = 2.89; 95%CI = 0.83,
4.96; p 0.008), and median age (f = 2.83; 95%CI = 0.76, 4.89; p
0.009). The COVID-19 test rate (f = —3.54; 95%CI = —5.60, —1.47; p
0.002), hospital bed density (f = —2.47; 95%Cl = —4.54, —0.41; p
0.021), and rural population ratio (B = —2.19; 95%CI = —4.25, —0.13;
p 0.039) decreased the CFR (Table 2). Nationwide distribution of the
CFR and its significant predictors are presented in Fig. 3.

Discussion

In this study we investigated the potential predictors of the
national CFRs of COVID-19 in 34 OECD member countries. Increased
percentage of obesity in ages >18 years, higher tuberculosis inci-
dence, longer duration since first death due to COVID-19, and older
age were found to be significantly associated with higher CFR,
whereas increased COVID-19 test rate, higher hospital bed density,
and higher rural population were found to be significantly associ-
ated with lower CFR in the SARS-CoV-2 pandemic by 18th August
2020 (Table 2). We developed a web-based tool to continuously
update the calculations for the ongoing pandemic (http://midas.ku.
edu.tr/COVID19CFR).

Our findings suggest that obesity is significantly associated with
higher CFR. Obesity is a main risk factor for comorbidities such as
hypertension, diabetes mellitus and cardiovascular diseases, and is
also linked to an increased risk of pneumonia [25]. In a study from
New York, hypertension and obesity were reported as the most
common comorbidities among the hospitalized COVID-19 patients
[26]. In multivariable analysis we detected that increased hyper-
tension was associated with higher CFR, although this was not
statistically significant. Recent retrospective studies and national
reports on COVID-19 have identified hypertension as the most

Table 1

prevalent comorbidity in patients who have had a more severe
disease course [27,28] and those who have died due to COVID-19
[29,30].

Median age was detected as an independent significant variable
in our multivariate analysis, in parallel with the current clinical
studies on mortality from COVID-19 [29—31].

We found that the duration since first death due to COVID-19
was significantly associated with higher national CFR at this
moment of the pandemic. During the course of the pandemic, the
effect of duration variable on national CFRs may change, and
comparing countries at different stages of the pandemic could lead
to biased results. By inclusion of the duration, we are more confi-
dent that our model was less affected by temporality, and hence we
limited the temporal bias. Many of the 34 OECD member countries
have not yet reached the peak level of the pandemic, therefore as
time progresses since the first death, the CFR still increases. Most of
the countries relaxed the strict rules of lockdown for economic and
social reasons, and therefore could not limit the spread of COVID-19
to the population at risk.

We detected that higher test rate decreased the national CFR
significantly. The test rate was calculated as dividing the total test
number by the population of each country. The WHO recommends
the testing of all those suspected for COVID-19 for the control of the
pandemic [32]. Higher numbers of tests result in more confirmed
cases, and therefore an increase in the denominator of the CFR,
which yields more realistic estimations of the mortality profile,
whereas countries with lower test rates may have biased CFRs.

According to our findings, increased number of hospital beds
has a significant effect on decreasing the national CFR. Hospital bed
density is an important indicator of the overall healthcare system
[33]. It reflects the potential of the healthcare system to cope with
the burden of a pandemic. As the number of infected people in-
creases, both the hospital admissions and the number of occupied
beds increase. The average respiratory support need of a severe
COVID-19 patient is reported as approximately 13 days [34]. A high
number of patients requiring such long periods of hospital stay
places pressure on the healthcare system. As there are currently no
treatment options available for COVID-19, and the treatment is
mainly supportive, it is of utmost importance that the patients have
hospital access to benefit from the supportive treatment, which
could be life-saving. As an indicator of the capacity of the health-
care system in the pandemic, the intensive care unit (ICU) bed
density could have been studied; however, standardized data for
ICU bed density were not available for all 34 countries.

Analysis for the health indicators and covariates of national case fatality rates (CFRs) adjusted by duration since first death (as of 18th August 2020)

Adjusted standardized coefficient

Adjusted 95% confidence interval Adjusted p value

Risk factors:

Obesity in ages 18+ (%) 242
Male population (%) —-1.37
HIV/AIDS prevalence in ages 15—49 (%) 1.20
Raised blood pressure in ages 18+ (%) 0.98
Median age (years) 0.96
Tobacco smoking in ages 15+ (%) 0.51
Tuberculosis incidence (per 1000 people) 0.44
All-cancer prevalence in ages 15+ (%) 0.41
Diabetes prevalence in ages 20—79 (%) —0.31
Health system

Number of hospital beds (per 1000 people) -1.78
Number of tests (per 1000 people) -1.11
Number of nurses and midwives (per 1000 people) —0.94
Number of doctors (per 1000 people) —0.03
Propensity covariates:

Rural population (%) 0.71

Health spending (US dollars per capita) —0.44

[0.38, 4.46] 0.021
[—3.41, 0.67] 0.180
[~0.84, 3.24] 0.239
[~1.06, 3.02] 0.333
[—1.08, 3.00] 0.345
[~1.53, 2.55] 0.616
[~1.60, 2.48] 0.660
[~1.63, 2.45] 0.682
[—2.35,1.73] 0.760
[—3.82, 0.26] 0.085
[—3.15,0.92] 0.274
[—2.98, 1.10] 0.356
[—2.07, 2.01] 0.978
[-1.33,2.75] 0.485
[—2.48, 1.60] 0.662
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Table 2
Multivariable analysis for the prediction of national case fatality rates (CFRs) (as of 18th August 2020)
Standardized coefficient 95% confidence interval p value

Number of tests (per 1000) —3.54 [-5.60, —1.47] 0.002
Obesity in ages 18+ (%) 3.26 [1.20, 5.33] 0.003
Tuberculosis incidence (per 1000 people) 3.15 [1.09, 5.22] 0.004
Duration since first death (days) 2.89 [0.83, 4.96] 0.008
Median age (years) 2.83 [0.76, 4.89] 0.009
Number of hospital beds (per 1000 people) —2.47 [—4.54, —0.41] 0.021
Rural population (%) —2.19 [—4.25, —0.13] 0.039
Raised blood pressure in ages 18+ (%) 1.50 [—0.57, 3.56] 0.148
Male population (%) 1.35 [-0.71, 3.42] 0.189

COVID-19 CFR (%)
|0.4910 1.68
11.68102.07
20710277
27710320
32010397
3.97106.15
6.151010.70

10.70 to 13.90

Obesity in ages 18+ (%)

_]4.00t0 22.00
22.00 10 23.00
33.001024.38
24.38 10 26.00
26.00 to 27.00
27.001028.75
287510 30.00
30.00 t0 37.00

Duration since first death (days)
[137.0t0 149.1
149.1 10 152.2
152.2t0 156.0
156.0to 157.0
157.0to 160.0
160.010 164.2
164.210 169.8
169.8 to 187.0

Number of hospital beds (per 1000)
13810255
25510292
29210322
32210372
37210452
45210578
5.78106.97
6.971013.05

Number of tests (per 1000)

8610556
55610 71.9
71910 94.1
94.110 114.0
114010 1254
125410 174.2
1742102158
215810733.7

Tuberculosis incidence (per 1000)
0.027 t0 0.045
0.045 t0 0.054
0.054 10 0.064
0.064 t0 0.071
0.071 10 0.080
0.080100.138
0.138100.224
0.224 10 0.660

Rural population (%)
2.00108.57
857 10 13.59
13590 17.74
17.741019.76
19.76 t0 25.70
25701030.73
307310 36.58
3658 10 46.27

Fig. 3. National case fatality rates of COVID-19 and their significant predictors in 34 OECD member countries as of 18th August 2020. (A) National case fatality rates of COVID-19. (B)
Number of tests (per 1000 people). (C) Obesity in ages 18+ (%). (D) Tuberculosis incidence (per 1000 people). (E) Duration since first death (days). (F) Median age (years). (G)

Number of hospital beds (per 1000 people). (H) Rural population (%).

We found that the increasing percentage of rural population has
a decreasing effect on the national CFR. This could be directly
related to population density, which is much lower in rural areas
compared to the crowded cities that are the epicentres of the
pandemic [35]. Our finding supports the significance of social
distancing in the control of the pandemic.

Increased tuberculosis incidence was also significantly asso-
ciated with CFR. In countries where tuberculosis is highly
prevalent there might be other risk factors for mortality. For
instance, in resource-limited settings, poverty and malnutrition
might play an important role in increasing morbidity and mor-

tality [36].
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This study has several limitations. We had to limit our study to
34 OECD member countries because of the lack of the availability of
data in many other countries. If it were possible, inclusion of
resource-poor and highly populated countries might highlight the
impact of economic variables on CFR. We extracted our data from
the most relevant and reliable databases, but not all the variables
were effectively updated. Some variables could not be added into
the study as they did not have data for all countries. We reviewed
risk factors such as ischaemic heart disease, heart failure, chronic
kidney disease, chronic obstructive pulmonary disease and asthma,
but we could not include them in our study because either they did
not match our inclusion criteria or data for all 34 countries were
lacking. Diagnosis of the disease is one of the bottlenecks of the
pandemic, and there is no current consensus on diagnosing COVID-
19. Some countries report only the cases based on confirmed
diagnosis, whereas others are based on clinical and radiological
examinations. The CFR calculated per total cases seems to remain
the best tool to express the fatality of the disease, even though it
might underestimate this figure in the initial phase of an outbreak
[37]. In our study, using CFR after 6 months from the beginning of
the outbreak increased the stability and the confidence. We did not
include the interventions at the community level—such as school
closures, social distancing, etc.—into our analysis. These measures
are taken to minimize the spread of the infection, and the CFR
values can safely be assumed to be relatively less affected by these
measures that impact disease spread.

Conclusion

The results of our analysis for the case fatality rate of COVID-19
describe possible bottlenecks of the pandemic. Our results showed
that the pandemic hits population-dense cities. Available hospital
beds should be increased. Diagnostic capacity should be increased
by increasing the number of effective diagnostic tests. Older pa-
tients and patients with obesity and related comorbidities and their
caregivers should be warned of the significantly increased risk of
mortality.
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