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Abstract 

Background: The present study is designed to predict the global adjusted values 

for mortality rate and case fatality rate of COVID-19 around the world.  

Methods: This research was conducted at the ecological level using data from 100 

countries which were chosen randomly. The adjusted values were predicted using 

beta regression considering predictive factors such as total expenditure on health 

per capita, expenditure on health as a percentage of GDP, life expectancy and the 

percentage of the population aged over 65 years, hospital beds (per 1000 

population), physicians (per 1000 population), nurses (per 1000 population), 

prevalence of smoking, prevalence of diabetes mellitus, and number of confirmed 

tests in each country. In the end, applying Monte Carlo simulation, the adjusted 

values of mortality rate and case fatality rate for the whole world were estimated. 

Results: The results of this study showed that two factors including percentage of 

population ages 65 and above (P=0.03) and Total expenditure on health as % of 

GDP (P = 0.04) had a statistically significant relationship with the case fatality 

rate. Moreover, there was a statistically significant relationship between the 

mortality rate and life expectancy (P = 0.02), total expenditure on health per capita 

(P < 0.001), nurses (Per 1000 Population) (P=0.04), and the prevalence of Diabetes 

Mellitus (P=0.04). The mortality rate and case fatality rate for the whole world 

were estimated to be 0.000001 and 0.026, respectively. 

Conclusion: It seems that what can cause global concern is not the case fatality 

rate of the disease, but its mortality rate, which is directly related to the health 

status of a community. The worse the health status of a community, the greater the 

number of infected people likely to be there, that ultimately increases the mortality 

rate of the disease in the community. 
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Background 

According to the World Health Organization, almost all countries in the world are 

currently infected with COVID-19. Although studies have shown that about 85% 

of people with the disease are asymptomatic or have mild symptoms, and only 

15% have serious conditions (10%, with a case fatality rate of 15%) and critical 

(5%, with a case fatality rate of 50%) [1]. 

Case fatality rate and mortality rate are two indices used to evaluate the severe 

consequences of a disease. At the onset of the 2020 pandemic, known as the 

COVID-19, several studies have been conducted to assess these two indices  [2, 3]. 

In every health system, there are two important indices which can be affected by 

various individual or public factors. Patient's age is a factor that may increase the 

case fatality rate of a disease. A study on deaths due to COVID-19 in Italy found 

that a significant proportion of deaths occurred in patients over 65 years of 

age  [4]. 

Life expectancy at birth is considered as an index to assess the health status in a 

community. In addition, Total expenditure on health as a percentage of GDP and 

total expenditure on health per capita are the other indices that may have an impact 

on the assessment of the health status in communities and also may affect the 

mortality rate  [5-7]. Other indices representing the health status in a country 

include hospital bed (per 1000 Population), physician (per 1000 Population), nurse 

(per 1000 Population), prevalence of smoking and prevalence of diabetes mellitus. 

They can affect the mortality rate either directly or indirectly  [8-10]. 

This study aims to investigate some of the predictive factors which may affect the 

mortality rate and case fatality rate in 100 randomly chosen countries in order to 

predict the adjusted values of these two indices for each one and estimate them for 

the whole world. 

Methods 

In other to estimate case fatality rate which is defined as the proportion of deaths 

caused by the disease compared to the total number of cases diagnosed with it for a 

certain period of time [1] and mortality rate which is proportion of death by the 

disease to the total population for a certain period of time [2] for COVID-19 



around the world, data from 100 countries which were chosen randomly. Reports 

from World Health Organization, World Bank and World Meters were the 

resources to collect the required data including the number of confirmed cases, the 

number of diagnostic tests per 1 million people, the number of deaths due to 

COVID-19, total population, life expectancy, total expenditure on health as % of 

GDP, total expenditure on health per capita ($) and the percentage of the 

population aged over 65 years in each country one by one. 

Beta regression was chosen to explore the effect of predictive factors on predicting 

two indices of case fatality rate and mortality rate. This analysis is used in 

estimates where the response variable takes values between zero and one. One of 

the distributions with a variable ranging from zero to one is beta distribution. In 

this regression model, the density function of the response variable uses its other 

form (𝑦~ℬ(𝜇, 𝜑)) instead of the usual beta distribution form (𝑦~ℬ(𝑎, 𝑏)) where 

μ = 𝑎𝑎+𝑏 and 𝜑 = 𝑎 + 𝑏. The beta regression model is then defined as follows: 𝑔(𝜇𝑖) = 𝑥𝑖𝑇𝛽𝑖 
Where β = (𝛽1, … , 𝛽𝑘)𝑇  is a 𝑘 × 1 vector which is actually the vector of the 

regression parameters, 𝑥𝑖 = (𝑥𝑖1, … , 𝑥𝑖𝑘)𝑇 is a vector including k independent 

variable, and 𝑔(. ): (0 ,1) ⟼ ℝ  is a link function. The most widely used link 

function in this regression model is the log function, which is defined as 𝑔(𝜇) =log ( 𝜇(1−𝜇))  . The present study, too, makes use of this form  [11]. 

After estimating the coefficients for each variable by beta-regression, mortality rate 
and case fatality rate estimation were conducted for every country using 
statistically significant coefficients. According to these predictions, three clusters 
were defined using a dendrogram at first. Then, the countries were divided into 
three clusters based on their case fatality rate and mortality rates using K-Means 
clustering method— a non-hierarchical method. Countries with the greatest values 
were considered as high, countries with the lowest values were considered as low, 
and countries with the values between these two were considered as moderate. In 
K-Means clustering method, each observation is assigned to a single cluster with 
the closest central mean when a Euclidean distance is used to measure the distance 
between an observation and the mean. 



Afterwards, case fatality rate and mortality rate for the whole world was estimated 

using the Monte Carlo simulation method in which the bootstrap method estimates 

case fatality rate and mortality rate for all countries under investigation. the 

percentages of 2.5 and 97.5 were determined for them defining the lower and the 

upper limit of the confidence interval  [12]. 

All of the data were extracted from World Bank, World Meters and WHO websites 

on 14th, May. Data were analyzed using RStudio Version 1.2.5001. 

Results 

The assessment of some predictive factors affecting mortality rate and case fatality 

rate revealed that life expectancy (P = 0.02) , total expenditure on health per capita 

(P < 0.001), nurses (Per 1000 Population) (P=0.04), and the prevalence of Diabetes 

Mellitus(P=0.04) were statistically significant and had an impact on the mortality 

rate of SARS-COV-2 in a community. However, total expenditure on health as % 

of GDP and the percentage of the population aged over 65 years, hospital beds (per 

1000 population), physicians (per 1000 population),and prevalence of smoking 

were not statistically significant. 

The results of the analyzes performed on the predictive factors affecting the case 

fatality rate of SARS-COV-2 showed that only the percentage of the population 

aged over 65 years (P = 0.03) and Total expenditure on health as % of GDP(P = 

0.04) were statistically significant, but other examined variables were found not to 

be statistically significant. The number of diagnostic tests performed in each 

country to identify confirmed cases of COVID-19 was entered to the model as an 

adjusting variable. More details are listed in Table 1. 

 

Table 1: Predictive factors associated with mortality rate and case fatality rate 

Predictive Factors 
Mortality Rate* Case Fatality Rate** 

Coefficient( 95%  CI) P Coefficient( 95%  CI) P 

Life Expectancy -0.05(-0.1 ; -0.006) 0.02 -0.004(-0.034 ; 0.026) 0.79 

Total expenditure on 
health as % of GDP 
 

0.041(-0.05 ; 0.14) 0.4 0.059(0.001; 0.11) 0.04 



Total expenditure on 
health per capita($) 
 

0.0003(0.0001 ; 0.0005) <0.001 -0.00003(-0.0001 ; 0.00009) 0.62 

% up 65 Year 
 

0.04(-0.01 ; 0.11) 0.14 0.039(0.002 ; 0.07) 0.03 

Hospital Beds(Per 
1000 Population) 

-0.01(-0.11 ;0.09) 0.8 -0.05(-0.12 ; -0.01) 0.1 

Physicians (Per 1000 
Population) 

-0.06(-0.24 ; 0.12) 0.52 -0.012(-0.12 ; 0.09) 0.8 

Nurses (Per 1000 
Population) 

-0.01(-0.19 ; -0.002) 0.04 -0.02(-0.07 ; 0.02) 0.37 

Smoking (Prevalence) 0.007(-0.2 ; .03) 0.6 0.0006(-0.015 ;0.016) 0.93 

Diabetes Mellitus 
(Prevalence) 

0.06(0.01 ;0.12) 0.04 0.004( -0.035 ; 0.044) 0.82 

Confirming Test (Per 1 
Million Population) 

-0.0000005(-000001 ; 
0.00000004) 

0.07 
-0.0000007( -0.000001 ; -
0.0000001) 

<0.01 

*Mont Carlo Simulation for world: 0.000001 (0; 000003) 

**Mont Carlo Simulation for world: 0.026 (0.012; 0.041) 

 

Using statistically significant variables, the mortality rate and case fatality rate for 

each country were predicted, and based on the Euclidean distance; these countries 

were divided into three clusters with low, moderate and high overall rate.  

The clustering results showed that some countries such as Germany, Netherlands 

are close neighbors and they were at a same status in terms of mortality rate and 

the case fatality rate and their status was red but although both countries are 

neighbors of Belgium, the status of Belgium was different and it was put in 

“moderate” cluster which is colored as yellow in figure 1. Luxembourg borders 

Germany, Belgium and France but its status was different from them. It was put in 

“low” cluster while Germany and France were put in “high” cluster and Belgium in 

“moderate” cluster. 

It was the same in other European countries, for example Spain and Portugal are 

neighbors but they had different status. Denmark and Germany, despite being 

neighbors, were put in two completely different clusters of “low” and “high”. 



Sweden and Finland were put in the “high” cluster, but Norway which is in the 

neighborhood of these countries, was put in the “moderate” cluster. 

Finland, Estonia, Latvia, Belarus, Ukraine are in the neighborhood of Russia; but 

the status of Russia was different from these countries in terms of mortality rate 

and case fatality rate. 

Although Canada and United states are neighbors but they were put in different 

clusters. 

Israel and Lebanon are close neighbors but they had different status. Also Saudi 

Arabia and Kuwait were at a same status but the status of Iraq which is their 

neighbor was different (Fig. 1). 

  

 

 

Figure 1: Country-based clustering due to the low, medium and high rate of 
adjusted mortality rate and case fatality rate. 
The Monte Carlo simulation performed on the predicted values for each country, 

showed that the adjusted mortality rate and case fatality rate for the world were 

0.000001 and 0.026, respectively. 

Discussion 



Analyzing the predictive in order to predict case fatality rate proved that total 

expenditure on health as % of GDP and the percentage of the population aged over 

65 years are statistically significant. Age over 65 years has been considered as one 

of the predictive factors for the case fatality rate of this virus  [13]. For example, 

Germany which is one of the aged European countries, had a higher mortality rate 

than the others since the highest percentage of deaths occurred in people aged over 

60  [2]. 

The number of hospital beds is also one of the indices representing health status 

with an impact on the case fatality rate. Obviously, larger number of hospital beds 

per population would result in better hospitalization and care provision of acute 

cases of the disease. [8-10]. 

 It seems that other factors such as life expectancy, hospital beds (Per 1000 

Population), physicians (per 1000 population), nurses (per 1000 population), 

prevalence of smoking, prevalence of diabetes mellitus, and total expenditure on 

health per capita did not have a significant impact on this index in different 

countries and the only effective factors in predicting it were age distribution, total 

expenditure on health as % of GDP and confirming test (per a million population). 

The results indicated that life expectancy, which is affected by deaths at young 

ages, total expenditure on health per capita (P=0.001), nurses (per 1000 

population) and the prevalence of diabetes mellitus were the four factors with a 

statistically significant impact on the mortality rate and were used in predicting the 

mortality rate for countries, unlike the case fatality rate. These factors are among 

the most important indices in every health system which represents the health 

status of community, so their increase is accompanied by the decrease of mortality 

rate in that community  [14] .On the other hand, expenditure on health per capita 

has a strong relationship with health outcomes, therefore its increase is 

accompanied by the improvement of health outcomes in a community  [5, 7]. 

Members of clusters which are the countries, represented different mortality 

patterns, even those with common geographical borders. Luxembourg and 

Germany are two neighboring countries, but Luxembourg had a better condition in 

terms of mortality due to COVID-19. This difference seems to be related to the 



facts that Luxembourg has a younger population, more tests per 1 million, and also 

lower prevalence of Diabetes Mellitus than Germany. [15-17] 

Denmark and Germany also, despite being neighbors, had different situations since 

Denmark had a better condition in terms of COVID-19 mortality rate. Denmark 

has a lower prevalence of smoking and also a lower prevalence of Diabetes 

Mellitus than Germany and this seems to be the cause of this difference [15, 16]. 

Belgium and the Netherlands were other European neighbors that had different 

conditions in terms of mortality rate of COVID-19. Belgium has a younger 

population, better total expenditure on health per capita, and also more hospital 

beds per population, all of which can justify its lower mortality rate compared to 

the Netherlands  [15-17]. 

Norway and Sweden, despite being so close to each other, fell into two different 

clusters. Norway was in a relatively better situation, which could be because of 

having a younger population, more hospital beds per population, and also better 

total expenditure on health per capita than Sweden  [15-17]. 

United States and Canada are neighbors, but they had different situation in terms of 

COVID-19 mortality rate as United States was in a relatively better situation and 

having a younger population could be the reason [17]. 

Russia shares borders with Finland, Estonia, Latvia, Belarus and Ukraine, but it 

had a relatively better condition than the other five, which may be due to having a 

younger population, higher total expenditure on health per capita ($) and greater 

number of physicians compared to the five neighbors [15-17]. 

Although Israel and Lebanon are neighbors, Israel is in a better situation. It seems 

logical since in Israel, the number of nurses and doctors, life expectancy, total 

expenditure on health per capita ($) and the number of tests per 1 million in Israel 

is superior compared to Lebanon and also there is a lower prevalence of diabetes 

and smoking in Israel than in Lebanon [15,16]. 

Moreover, there was a difference between two other neighboring countries, Saudi 

Arabia and Iraq. Saudi Arabia was in a better situation than Iraq and it seems that 

the reasons might be the greater number of physicians and nurses (per 1000 

people), lower prevalence of Diabetes Mellitus, higher total expenditure on health 



per capita($) and greater number of  tests per 1 million in Saudi Arabia than 

Iraq [17]. 

The results of Monte Carlo simulation showed that the case fatality rate was equal 

to its raw value. This could be due to the fact that, generally, the investigated 

factors such as manpower, equipment and infrastructure, do not have much effect 

on the fatality of the virus and if there is a regional difference, it could be caused 

by other reasons such as genetic characteristics of the community members. On the 

other hand, in the case of mortality rate, it is different since the Monte Carlo 

simulation showed that the mortality rate for the world is much less than its raw 

value, and this demonstrates that the mortality rate can be affected by factors such 

as the prevalence of underlying diseases, equipment and infrastructure. 

Conclusions 

It seems that what we all need to be worried about, at global level is not the case 

fatality rate of this disease, but the mortality rate, which is of course directly 

related to the health status of a community. Poor health status of a community 

would lead to an increase in the number of infected cases and as a result in the 

mortality rate of the disease. 

Limitations of the study 

This study was conducted ecologically and its results cannot be interpreted 

individually. Besides, many factors may have an impact on the mortality rate and 

case fatality rate of a disease; in this study, however, only a few important factors 

were investigated. Also it should be mentioned that this study can be affected with 

underreporting of deaths. 
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GDP: Gross Domestic Product 
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Figures

Figure 1

Country-based clustering due to the low, medium and high rate of adjusted mortality rate and case
fatality rate. The Monte Carlo simulation performed on the predicted values for each country, showed that
the adjusted mortality rate and case fatality rate for the world were 0.000001 and 0.026, respectively.


