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Abstract

Mortality of pneumonia attracts much attention worldwide in relation to COVID-19
mortality, but few papers were presented on the statistical analysis of determinants of
pneumonia in various countries. In this study, a large-scale experiment has been done
to analyze determinants of pneumonia mortalities of 159 countries using 44 explanatory
variables of seven fields and a non-linear regression support vector machine (SVM)
technique. It has been found that just seven factors represent the pneumonia mortalities
of 159 countries with a high accuracy of determination coefficient of 0.900, and that four
factors among them, literacy, birth rate, temperature, and poverty rate significantly
contribute to the pneumonia mortality. For the four factors, only literacy shows

negative effect on the pneumonia mortality and other three factors have positive effects.
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Table 1. Top ten and other major countries in terms of pneumonia mortalities

No  Country Area Mortality* A/D**
1 Nigeria Central Africa 174.0 D
2 Chad Central Africa 171.6 D
3 Niger Central Africa 162.3 D
4 Guinea West Africa 143.8 D
5 Burkina Faso West Africa 140.6 D
6 Sierra Leone West Africa 138.3 D
7 Guinea-Bissau West Africa 135.7 D
8 Central African Republic Central Africa 122.7 D
9 Haiti Central America 122.2 D
10 Mozambique South Africa 121.2 D

34  Philippines Southeast Asia 90.4 D

48  India South Asia 63.1 D

58  Argentina South America 48.7 D

62  United Arab Emirates Middle East 45.8 A

64  Brazil South America 42.7 D

84  Japan East Asia 24.3 A

97  South Korea East Asia 21.0 A

100 United Kingdom Western Europe 19.2 A

114  Russia Russia 16.2 D

129 China East Asia 11.7 D

131 United States North America 10.9 A

140  Germany Western Europe 9.0 A

147  France Western Europe 7.9 A

157  Montenegro Eastern Europe 53 D

159  Finland Northern Europe 2.1 A

* Death rate per 100,000 population, published by WHO (2008).
** A: advanced country, D: developing country.
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Pneumonia mortality
Fig. 1. Distribution of pneumonia mortalities of advanced ( @ ) and developing ( O )

countries
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Table 2. Objective and 44 explanatory variables for pneumonia mortalities
Field Variable Definition Source
Objective Pneumonia mortality Pneumonia death rate per 100,000 population WHO
Medical Health expenditure Public and private health expenditures per capita WHO
Physicians Number of physicians per 1,000 population WHO
Hospitals Number of hospitals per 1,000 population WHO
Hospital beds Number of hospitals per 1,000 population WHO
Social welfare Sen social welfare function WHO
Health Obesity Rate of adults of body mass index over 30 WHO
Calorie intake Daily calorie intake per capita in 10°kcal WHO
Undernourishment Prevalence of undernourishment (% of population) WHO
Physical inactivity :giT;lence of insufficient physical activity among WHO
Smoking prevalence Percentage of adults who smoke daily WHO
Alcohol consumption Alcohol consumption among adults WHO
Economy Gross domestic product Per capita gross domestic product IMF
Gini coefficient Measure of inequality of income WB
Poverty rate Poverty ratio at national poverty line per population WB
Labor force Labor force participation rate WB
Unemployment rate Rate of the number of unemployed individuals IMF
Aged economic activity Economic activity in men aged 65 plus ILO
Grain self-sufficiency rate  Grain self-sufficiency rate FAO
Agriculture Agricultural land (% of land area) WB
Culture Education expenditure Public expenditure on education per capita WB
Literacy Literacy rate of people ages 15 and above WB
Intelligence level Ratio of tested mental age to chronological age Eutimes
School life expectancy School life expectancy, primary to tertiary education ~ UN
University Percentage of enrollment into university WB
Mobile phone Mobile phone subscribers per 1,000 people WB
Internet Internet users per 100 population WB
Population ~ Population density Number of people per sq. km of land area WB
Urban population Rate of people living in urban areas WB
Population growth rate Population growth rate WB
Birth rate Average annual number of births per 1,000 persons WB
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Population aging Rate of population ages 65 and over WB
Household member Members per private household WB
Geography  Latitude Average latitude of country WB
Temperature Average yearly temperature WB
Sunshine hours Yearly sunshine hours WB
Precipitation Average precipitation in depth WB
Climate Risk Climate Risk Index CRI
Environment Terrestrial protected area Rate of terrestrial protected areas to total land area WB
Forest area Rate of forest area to land area WB
Air pollution Country level of PM10 in ug/m’ WHO

Rate of access to clean fuels and technologies for

Indoor air pollution cooking WHO
Water and sewer services Rate of improved water source and sewer services WHO
Roads Roads, paved (% of total roads) WB
Electric power Electric power consumption (kWh per capita) WB

For more detailed definition of variables, see homepages of data sources.
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Fig. 2. Scatter plot of observed vs predicted mortalities for advanced (@)
and developing (O) countries
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Table 3. Determinants of pneumonia mortality

S* Ok
No Determinant Field
Risk factor ~ Decline factor (%)
1 Literacy Culture -0.115 27.4
2 Birthrate Population 0.102 21.8
3 Temperature Geography 0.091 17.3
4 Poverty rate Economy 0.082 14.1
5 Water and sewer services ~ Environment -0.061 7.7
6  Alcohol consumption Health 0.060 7.6
7  Smoking prevalence Health 0.044 4.0

S*: sensitivity, C**: contribution rate to mortality
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Fig. 3. Correlation plot of birth rate and temperature vs pneumonia mortality
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