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Abstract

This study aims to examine the association between the demographic, health profile and 
COVID-19 case fatality rate. The study used data from the report on COVID-19 confirmed cases 
and deaths and health profile from WHO and demographic profile from the World Population 
Prospects and multiple linear regression model for analysis. The unit analysis was country. 
The number of observations was 154 countries. The dependent variable was the COVID-19 
case fatality rate (CFR). The independent variables were the percentage of population aged 
70 years and above (older people), tuberculosis (TBC) incidence, probability of dying from 
any of cardiovascular disease, cancer, diabetes, chronic respiratory diseases between age 30 
and exact age 70 (chronic diseases), current health expenditure (CHE) as percentage of gross 
domestic product (GDP), and International Health Regulations (IHR) core capacity scores. 
The results of bivariate analysis show that the higher the percentage of older people, CHE 
as percentage of GDP, and IHR core capacity scores, the higher the COVID-19 CFR. The 
higher TBC incidence and probability of dying from any of chronic diseases is, the lower the 
COVID-19 CFR. The percentage of older people and CHE as percentage of GDP significantly 
impacted the COVID-19 CFR. In addition, the results of multivariate analysis show that higher 
COVID-19 CFR in a country was associated with higher percentage of older people and higher 
CHE as percentage of GDP. This implies the importance of anticipating population ageing and 
improving the management of health expenditure to prevent the outbreak of COVID-19 in the 
future. This must include the improvement of social protection for older people in the future.

Keywords: COVID-19, Demographic transition, Population ageing, Health expenditure, Case 
fatality rate.

Introduction

Since December 2019, an unidentified coronavirus in Wuhan caused China 
experienced coronavirus disease 2019 pandemic that later named COVID-19. The 
disease was caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). This disease later spread to China and later to other countries, including 
Thailand, Republic of Korea, Japan, United States, Philippines, Viet Nam, and over 
all the world [1].
The epidemiological characteristics of the clinical patients with COVID-19 had been 
reported, but death risk factors and a detailed clinical path need to be explained more 
[2]. A number of risk factors of COVID-19 include age, sex, and other. In general, 
the affected people were middle age and older [3,4]. However, pediatric infection 
in adolescents and children was also reported [5,6]. Sex was also another risk factor 
where men were more likely to be infected than women [3–5,7]. Another risk factor was 
exposure to infected animal as it was reported that the first case was livestock traders 
infected in the market [8]. A research was conducted among 262 COVID-19 confirmed 
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cases in Beijing [9]. Demographic, epidemiological, clinical, and laboratory test from 
COVID-19 were collected. It was found that the median age of patients was 47.5 years.
One of major changes in human society is demographic transition [10]. Demographic 
transition of fertility and mortality decline has caused changes in population age 
structure. This demographic profile has, in turn, an important association with 
death rate, including deaths due to COVID-19. It was found that in country with 
higher percentage of older people, such as Italy, the COVID-19 case fatality rate was 
higher than in countries with lower percentage of older people, such as China [11]. 
In addition, older adult and patients with comorbidities were more likely to suffer 
from severe diseases and experience subsequent mortality [12]. Non-communicable 
diseases that can worsen patients with COVID-19 include diabetes mellitus (DM), 
hypertension, cerebrovascular disease, coronary artery disease (CAD), and chronic 
obstructive pulmonary disease (COPD).
Some studies have been conducted to investigate the determinants of case fatality rate 
(CFR) of certain diseases among patients [13–15]. Among the factors were demographic 
and health characteristics, such as age of the patients, length of hospitalization, 
and insurance ownership. In Italy, it was found that patients with severe clinical 
symptoms were more likely to be hospitalized that led to higher case fatality rate due 
to COVID-19 [13]. Meanwhile, in Spain, it was found that higher case fatality rate due 
to Legionnaires’ diseases was associated with aged 70 years and above and cancer 
[14]. Further, in France, it was found that higher case fatality after hospitalization 
for strike was associated with older age and comorbidities. Furthermore, Wong et 
al. [16] found the importance of international health regulations on controlling the 
COVID-19 incidence and mortality. However, studies on factors influencing CFR at 
country level were limited. Therefore, this study aims to investigate the association 
between demographic and health profile and COVID-19 CFR in the world.

1. Methods ofAnalysis

The data used in this study came from WHO [17], World Population Prospects 2019 
Revision [18], and World Health Statistics 2019 [19]. The unit of analysis is country. 
There were 184 countries with complete data in the study.
The dependent variable is the case fatality rate (CFR) of COVID-19 per May 31st, 
2020. CFR is the number of deaths from a specific disease in a given period per 100 
confirmed cases of that disease in the same period [20]. The formula for CFR for 
disease k is as follows.

100×=
k

k
k P

DCFRDk is the number of deaths from a specific disease k and Pk is the 

number of confirmed cases of that disease. 100 can be replaced by 1,000 when Dk is 
small. In this study 1,000 was used. CFR is a risk measure because it is a proportion 
of an incidence.

The independent variables in this study consist of demographic and health variables. 
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The demographic variable was the percentage of population aged 70 years and above 
(older people) in 2020 (POld). Meanwhile, the health variables were tuberculosis 
incidence (per 100,000 population) in 2020 (TBC), probability of dying from any 
of cardiovascular disease, cancer, diabetes, chronic respiratory diseases between 
age 30 and exact age 70 (%) in 2016 (ChronicDeath), current health expenditure as 
percentage of gross domestic product (GDP) (%) in 2016 (HealthExp), and average 
of 13 International Health Regulations core capacity scores in 2019 (IHRs). The IHRs 
core capacity score measures the ability of a country to prepare for and respond to 
emerging public health emergencies.
Univariate analysis was used to assess the summary statistics of variables in the study 
that are the number of observations, minimum and maximum values, mean, and 
standard deviation. Bivariate analyses were carried out to evaluate the correlation 
between COVID-19 CFR and each independent variable.
Inferential analysis of the impact of the percentage of older people, TBC incidence, 
and probability of dying from any of chronic diseases, health expenditure, and IHRs 
core capacity scores on COVID-19 case fatality rate (CFRCOVID) was performed 
employing multiple linear regression analysis. The model was as follows.

 
i0α  was the intercept of the model, ijα  was regression coefficient for the jth 
independent variable, iε  was the error term, and i the ith observation.

Results and Discussion

Characteristics of Countries
Table 1 presents the summary statistics of variables in the model that include the 
number of observations (n), minimum and maximum values, mean, and standard 
deviation. It can be seen that the percentage of population aged 70 years and above 
varied from 0.7 in United Arab Emirates to 21.8% in Japan, while the IHRs core 
capacity scores in 2019 was lowest in Central African Republic (17) and highest in 
Russian Federation (99). Meanwhile, the TBC incidence was lowest in Barbados 
(0) and highest in South Africa (567). Further, the probability of dying from any of 
cardiovascular disease, cancer, diabetes, chronic respiratory diseases between age 30 
and exact age 70 ranged from 7.8% in Republic of Korea to 30.6% in Fiji. Furthermore, 
the current health expenditure as percentage of GDP ranged from 2 in Papua New 
Guinea to 17.1 in the United States of America. Lastly, the case fatality rate of 
COVID-19 varied from 0 in 14 countries highest in France (189).

Table 1. Summary statistics of variables in the model
Variables n Minimum Maximum Mean Standard 

deviation

Percentage of population 
aged 70 years and above (%) 154 0.7 21.8 6.3 4.99

International Health 
Regulation score 154 17 99 64.2 20.4
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TBC incidence (per 100,000 
population) 154 0.8 567 112 137

Probability of dying from 
any of chronic diseases (%) 154 7.8 30.5 18.3 5.5

Current health expenditure 
as percentage of gross 
domestic product (%)

154 2.0 17.1 6.6 2.6

COVID-19 CFR (per 1,000 
confirmed cases) 154 0 189.5 34.5 35.5

Patterns in COVID-19

Figure 1 – Figure 2 displays, respectively, the scatter diagram between the percentage 
of population aged 70 years and above, TBC incidence, probability of dying from 
any of cardiovascular disease, cancer, diabetes, chronic respiratory diseases between 
age 30 and exact age 70, current health expenditure as percentage of GDP, and IHRs 
core capacity score and COVID-19 CFR. It can be seen that there was a positive 
relationship between the percentage of population aged 70 years and above, current 
health expenditure as percentage of GDP, and IHRs capacity score and COVID-19 
CFR. It means the higher the percentage of population aged 70 years and above, 
current health expenditure as percentage of GDP, and IHRs core capacity score, 
the higher the COVID-19 case fatality rate. An increase of 1% in the percentage of 
population aged 70 years and above and current health expenditure as percentage 
of GDP and increase of one unit in IHRs core capacity score was associated with 
an increase of, respectively, 3.03, 5.08, and 0.47 deaths due to COVID-19 per 1,000 
confirmed cases, or 303, 508, and 47 deaths due to COVID-19 per 100,000 confirmed 
cases (Figure 1, 4, and 5).
Meanwhile, there was negative relationship between the TBC incidence and 
probability of dying from any of cardiovascular disease, cancer, diabetes, chronic 
respiratory diseases between age 30 and exact age 70 and COVID-19 CFR. It implies 
that the higher the TBC incidence and probability of dying from any of cardiovascular 
disease, cancer, diabetes, chronic respiratory diseases between age 30 and exact age 
70, the lower the COVID-19 case fatality rate. An increase of 1 in TBC incidence and 1% 
in probability of dying from any of cardiovascular disease, cancer, diabetes, chronic 
respiratory diseases between age 30 and exact age 70 was associated with a decline 
of, respectively, 0.08 and 1.16 deaths due to COVID-19 per 1,000 confirmed cases, or 8 
and 116 deaths due to COVID-19 per 100,000 confirmed cases (Figure 2 and 3).
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Figure 1. The percentage of population age 70 years and above and COVID-19 case 
fatality rate May 31, 2020. Modified from WHO and Population Reference Bureau 

[17,18].

Figure 2. The TBC incidence rate and COVID-19 case fatality rate May 31, 2020. 
Modified from WHO [17,19].
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Figure 3. The probability of dying from any of cardiovascular disease, cancer, 
diabetes, chronic respiratory diseases between age 30 and exact age 70 and 

COVID-19 case fatality rate May 31, 2020. Modified from WHO [17,19].

Figure 4. The current health expenditure (CHE) as percentage of gross domestic 
product (GDP) and COVID-19 case fatality rate May 31, 2020. Modified from WHO 

[17,19].
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Figure 5. The International Health Regulations core capacity score in 2019 (IHRs) 
and COVID-19 case fatality rate May 31, 2020. Modified from WHO [17,19].

Effects of Demographic and Health Profile on COVID-19 Case Fatality Rate
Table 2 shows the results of the multiple linear regression model for the effects of 
demographic and health profile on COVID-19 case fatality rate (CFR). Percentage 
of population aged 70 years and above had statistically significant effects on the 
COVID-19 CFR. In addition, only one health variable significantly influenced the 
COVID-19 CFR that is current health expenditure as percentage of GDP. Three other 
health variables, i.e. TBC incidence, probability of dying from any of cardiovascular 
disease, cancer, diabetes, chronic respiratory diseases between age 30 and exact age 
70, and international health regulations core capacity score did not have significant 
effects on the COVID-19 CFR.
The results of this study indicated that countries with higher percentage of population 
aged 70 years and above had higher COVID-19 CFR. Other things being the same, an 
increase of 1% in the percentage of population aged 70 years and above was associated 
with an increase in COVID-19 CFR by 2.39 deaths per 1,000 confirmed cases or 239 
deaths per 100,000 confirmed cases. Meanwhile, ceteris paribus, an increase of 1% in 
current health expenditure as percentage of GDP was associated with an increase in 
COVID-19 CFR by 2.54 deaths per 1,000 confirmed cases or 254 deaths per 100,000 
confirmed cases.
Table 2. Regression coefficients of COVID-19 case fatality rate (Coefficient) by 
characteristics of countries based on multiple linear regression model: World 2020
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Characteristics Coefficient
(95% CI)

p-value

Constant 8.95 (-28.11, 46.02) 0.634
Percentage of population aged 70 years and 
above 2.39 (0.91, 3.88) 0.002

TBC incidence -0.01 (-0.05, 0.04) 0.723

Probability of dying from any chronic diseases -0.12 (-1.25, 1.00) 0.830

Current health expenditure as percentage of 
gross domestic product 2.54 (0.26, 4.82) 0.029

IHRs core capacity score -0.05 (-0.37, 0.27) 0.759

CI, confidence interval.

2. Conclusions and recommendations

The results of this study confirm the significance of demographic and health profile 
on COVID-19 case fatality rate [13–15]. Higher COVID-19 was associated with 
higher percentage of older people aged 70 years and above and higher current health 
expenditure as percentage of GDP. On average, countries with higher percentage 
of older people, which is the demographic profile of developed countries, are more 
likely to have COVID-19 confirmed cases and hence deaths due to COVID-19. In 
addition, countries with higher current health expenditure as percentage of GDP, 
which is the health profile of developed countries in general, are more likely to have 
COVID-19 confirmed cases and hence deaths due to COVID-19.
As many countries will experience population ageing, in particular developed 
countries, it is important to take into account the demographic profile of the country 
in order to prevent the outbreak of the COVID-19 pandemic in the future. In addition, 
higher COVID-19 CFR in countries with higher current health expenditure as 
percentage of GDP implies the need to reallocate and strengthen health expenditure 
in order to eliminate deaths from COVID-19.
Developing countries with much larger population, such as Indonesia, will also 
experience population ageing in about 10 years to come. The challenge will be greater 
as these developing countries still struggle with its health budget in order to meet the 
health needs of the growing number of older people.

Limitations

A limitation of this study is that it did not include all countries in the world. Excluded 
countries were those with incomplete data, such as the COVID-19 case fatality rate 
and health expenditure. 
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