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Abstract:

Life expectancy is the result of country differences in socioeconomic conditions, mortality and population health features.
Publicly available country-level records were used for a quantitative observational analysis between 2000 and 2015. The
association between life expectancy at birth and schooling, income composition of resources, gross domestic product,
health expenditure, adult mortality, infant deaths, under-five deaths, HIV/AIDS, body mass index, alcohol consumption,
and indicators of immunization were explored. For descriptive analysis, group comparisons, Pearson correlation analysis
and multiple linear regression, 1,649 complete country-year observations were analyzed. The mean life expectancy for
developed countries' observations was significantly higher than the mean life expectancy for developing country
observations. Life expectancy had the largest positive socioeconomic association for schooling and income composition
of resources, strong negative associations were found for adult mortality and HIV/AIDS. Longevity was positively
correlated with immunization indicators and BMI, and negatively correlated with infant and under-five mortality. The
regression model accounted for about 75% of the variation in life expectancy, and found that income composition,
schooling, adult mortality, alcohol consumption, and infant deaths were significant independent predictors. Results
suggest that these factors, the social development, education, mortality reduction, and health conditions are interrelated
and influence longevity. Policies designed to enhance population survival should thus include an educational, an
economic, a preventive health-care, and a mortality-reduction component, taking into account that the relationships
observed are statistical associations but not necessarily causal effects.
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1. Introduction:

One of the most common measures used to assess the health of a population, the conditions of survival, and social
development generally are the people's life expectancy at birth. It serves as a succinct and comprehensive indicator of the
total impact of death risks at various points in the lifespan and is useful for cross-national comparisons of health outcomes.
Worldwide, there has been significant differences in longevity between regions and over time, suggesting that not all
populations have benefited equally from improved survival [1]. The patterns of fertility and mortality growth and level
and healthy life expectancy growth have also proven to reflect differences in national health conditions and growth
pathways well [2].

There are socioeconomic, mortality and health factors that contribute to the difference in longevity. The number of years
a person may live can be affected by their adult mortality, disease burden, living conditions, health behaviours and access
to preventive services. The literature from other countries has demonstrated that inequitable access to key risk factors
plays an important role in inequalities in life expectancy between different population groups and countries [3].
Additionally, socioeconomic development is also a central theme as enhancing income, education and living standards
can increase access to healthcare, nutrition, sanitation, and other factors that contribute to longevity [4].

But differences in economic capacity only account for part of differences in longevity across countries. There are
variations in life expectancy amongst countries with similar levels of income due to differences in social policy, healthcare
organization, inequality, and resource distribution between countries [5]. The findings also from the ecological analyses
have shown that there are multiple determinants operating simultancously that should be analyzed in the context of life
expectancy, but not a single economic or health determinant alone [6]. This reinforces the need for analytical tools that
can analyze several explanatory indicators in one statistical framework.

Another key factor of longevity is the performance of health systems. International studies have associated higher quality
health care utilization with longer life span, and suggested that broader social and economic factors play a role [7].
Educational attainment has a special significance because it can influence employment opportunities, health literacy,
preventive behaviour, and access to health services, and unequal distribution of educational attainment can be a root cause
of continued inequalities in life expectancy [8].

There is also more recent longitudinal evidence that suggests that economic conditions, healthcare resources, social
characteristics, and population health indicators are all associated with life expectancy [9]. Other studies have revealed
similar results: that demographical and socioeconomic factors can influence life expectancy as well as the various indexes
of "good health" [10]. Other factors, such as education and income inequality, have also been important in understanding
the variation between European populations in longevity [11]. Furthermore, investing in health, education and social
spending over the long-term has been linked to better life-expectancy measures, demonstrating the linkages among these
factors [12].

While much has been learned about individual determinants, comparative analyses, which incorporate socioeconomic
conditions, mortality indicators, and health indicators in a unified statistical evaluation are still important. Thus, the cross
country variation in life expectancy was analyzed and its association with the level of schooling, the composition of
income, gross domestic product, mortality indicators, immunization coverage, HIV/AIDS, body mass index, alcohol
consumption, and other indicators examined. Multiple linear regression was then undertaken to determine the factors that
remained statistically independently associated with life expectancy.

Research Objectives

1.To describe and compare the distribution and variability of life expectancy, socioeconomic conditions, mortality
measures, and health indicators across countries.

2.To examine the statistical relationships between life expectancy and selected socioeconomic, mortality, and health
indicators.

3.To develop a multiple linear regression model for identifying the major statistical predictors of life expectancy across
countries.

2. Materials and Methods

2.1 Research Design and Data Source

A quantitative observational design was used to analyze the observed differences between countries in their life
expectancy and the relationship to variables of socio-economic, mortality and health indicators. The country-level
indicators were taken from publicly available records from the WHO and other international sources for the period 2000
to 2015. One analytical observation was equal to one country-year. There was no primary survey, experiment or
intervention undertaken. The design enabled cross-country statistical comparisons and facilitated the analysis of the
selected indicators within a uniform analytical framework over countries and over the years.

2.2 Study Variables and Indicator Classification

The dependent variable was life expectancy at birth in years. Education (schooling), income composition of resources,
gross domestic product, and percentage expenditure were included in the socioeconomic indicators. Adult mortality, infant
deaths and under-fives deaths were included among the mortality measures. Health related indicators included HIV/AIDS,
Hepatitis B immunization, Polio immunization, Diphtheria immunization, BMI, and Alcohol consumption. Variables were
kept based on their conceptual relevance to longevity and the number of observations for which these variables were
available for use in subsequent statistical procedures and analysis.

2.3 Data Preparation and Descriptive Statistical Analysis
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Records were checked for missing, incomplete and implausible values before analysis was carried out. There was no
imputation for missing observations. A descriptive summary was done only with the available values, while 1,649
complete country-year observations were used for the correlation and regression. Descriptive statistics were presented as
the mean, the median, and the standard deviation (where applicable), minimum, maximum, and range. Categorical
characteristics like development status were given frequencies and percentages. The main socioeconomic, mortality, and
health indicators in the analysis were summarized in these procedures and described in terms of their distribution and
variation.

2.4 Bivariate Statistical Analysis

Bivariate analysis was conducted to explore both the direction and intensity of the correlations between the selected
continuous indicators and life expectancy. Socio-economic, mortality, and health variables were correlated using Pearson
correlation coefficients. An independent-samples t-test was used to compare mean life expectancy of the developed vs.
developing country groups. Both the magnitude and direction of each association was considered along with the statistical
significance. Values of p < 0.05 were taken as statistically significant. These analyses were used to identify variables that
had meaningful relationships with longevity without adjustment.

2.5 Multiple Linear Regression Analysis

Multiple linear regression was used to determine variables that were independently associated with life expectancy with
simultaneous adjustment. The final specification contained variables from four domains (socioeconomic, mortality,
behavioural) and did not include variables that are too similar. The regression coefficients, standard errors, t-statistics,
probability values, R-squared and adjusted R-squared were reported along with the overall F-statistic. A p value of less
than 0.05 was determined as statistical significance. Standard spreadsheet functions and the Microsoft Excel Data Analysis
ToolPak were used for all calculations.

3. Results

3.1 Characteristics of the Student Sample

Table 1 presents the descriptive profile of the study indicators. Across 2,928 non-missing life-expectancy observations,
mean life expectancy was 69.22 years (SD = 9.52), with a median of 72.10 and a range of 36.30—89.00 years. Mean adult
mortality was 164.80 per 1,000, while infant deaths averaged 30.30 per 1,000. The Mean GDP (US$7,483.16), schooling
(11.99 years) and income composition (0.628) were reported. The coverage for Hepatitis B, polio and diphtheria was
80.94%, 82.55% and 82.32% respectively. The distribution of life expectancy is summarized in figure 1.

Table 1. Descriptive Statistics of Selected Socioeconomic, Mortality, and Health Indicators

Indicator Valid n Mean SD

Life expectancy (years) 2,928 69.22 9.52
Adult mortality 2,928 164.80 124.29
Infant deaths 2,938 30.30 117.93
GDP (US$) 2,490 7,483.16 14,270.17
Schooling (years) 2,775 11.99 3.36
Income composition of resources 2,771 0.628 0.211
Hepatitis B coverage (%) 2,385 80.94 25.07
Polio coverage (%) 2,919 82.55 23.43
Diphtheria coverage (%) 2,919 82.32 23.72
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Figure 1. Distribution of life expectancy across country-year observations

3.2 Cross-Country and Development-Status Differences

Longevity was significantly different between the development status groups. The mean life expectancy was 79.2 years
(SD = 3.93) for developed country observations and 67.1 years (SD = 9.01) for developing country observations, which
is about a 12.1 year difference (p < 0.001). The developed group thus had not only a longer average life span, but also
significantly less dispersion, as shown in Table 2 and Figure 2. For the complete-case analytical sample 242 country-year
observations were found for developed countries and 1,407 country-year observations were found for developing
countries, with both groups well represented in subsequent analysis.

Table 2. Life Expectancy According to Development Status

Mean life expectancy

Development status )

SD Mean difference | p-value

Developed 79.2 3.93

Developing 67.1 9.01 12.1 <0.001
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Figure 2. Mean life expectancy by development status (error bars represent £1 SD)

3.3 Correlation of Life Expectancy with Socioeconomic Indicators

In the 1,649 full values, the life expectancy was favorably associated with the socioeconomic indicators. The strongest
correlation (r=0.728, p <0.001) was with schooling followed by income composition of resources (r = 0.721, p <0.001).
Life expectancy was moderately correlated with GDP (r = 0.441, p < 0.001) and also percentage expenditure revealed
positive correlation (r = 0.410, p < 0.001). The bivariate associations with longevity were significantly stronger for
education and income composition than for the monetary indicators (Table 3). The pattern was consistent and pronounced.

Volume-10 | Issue-01 | March 2024 43



Table 3. Pearson Correlations Between Life Expectancy and Socioeconomic Indicators

Socioeconomic indicator Pearsonr | p-value Direction
Schooling 0.728 <0.001 Positive
Income composition of resources 0.721 <0.001 Positive
GDP 0.441 <0.001 Positive
Percentage expenditure 0.410 <0.001 Positive

3.4 Correlation of Life Expectancy with Mortality and Health Indicators

Mortality and health indicators showed contrasting associations. Adult mortality had the strongest negative correlation
with life expectancy (r = -0.703, p < 0.001), followed by HIV/AIDS (r = -0.592, p < 0.001). There was a positive
correlation between BMI (r = 0.542) and alcohol consumption (r = 0.404). Diphtheria (r = 0.341), polio (r = 0.327), and
hepatitis B coverage (r = 0.200) were positive, whereas under-five deaths (r = -0.192) and infant deaths (r = -0.169) were
negative. The results for all the associations were significant at p<0.001 as detailed in Figure 3.

BMI + 0.542

Alcohol A 0.404

Diphtheria A 0.341

Polio 0.327

Hepatitis B 1 0.200

Infant deaths - -0.169

Under-five deaths - -0.192

HIV/AIDS - -0.592

Adult mortality - -0.703
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Figure 3. Correlations of major mortality and health indicators with life expectancy

3.5 Multivariate Regression Results

The multiple linear regression model was significant, F(5, 1643) = 978.1, p < 0.001, explaining 74.85% of variation in
life expectancy (R? = 0.7485; adjusted R? = 0.7478). Income composition (B = 13.233), schooling (B = 1.085), adult
mortality (B =-0.0310) and alcohol consumption (B =-0.102) were positive predictors, while infant deaths (B = -0.00322)
was a negative predictor (Table 4). All predictors were found to be significant. The fitted predictors with the largest
absolute t-statistic (t = -31.33) were adult mortality. The direction and contribution of the fitted predictors is summarised
in Figure 4.
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Table 4. Multiple Linear Regression Model for Life Expectancy

Predictor B Standard error t-value p-value
Constant 53.5805 0.7010 76.435 <0.001
Income composition of resources | 13.2329 0.9967 13.277 <0.001
Schooling 1.0850 0.0691 15.694 <0.001
Adult mortality —-0.0310 0.0010 -31.329 <0.001
Alcohol consumption —0.1022 0.0352 —2.903 0.0037
Infant deaths —0.00322 0.00092 —3.484 0.0005

Model statistics: R? = 0.7485; Adjusted R? = 0.7478; F(5, 1643) =978.1; p < 0.001.

Schooling A 15.694

Income composition | 13.277
of resources

Alcohol consumption A -2.903
Infant deaths - -3.484
Adult mortality - -31.329
T T T T 1
-30 -20 -10 0 10 20

t-statistic

Figure 4. t-statistics for predictors in the multiple linear regression model

4. Discussion

The results revealed significant inter-country differences in life expectancy, and demonstrated that life expectancy was
consistently related with socioeconomic position, mortality burden and certain health indicators. Observations from
developed countries had a mean life expectancy of nearly 12 years more than those from developing countries, reflecting
an enduring disparity in survival outcomes between developed and developing countries. These differences are similar to
the results of studies indicating a significant contribution of socioeconomic position, such as level of education, to
differences in life expectancy [13]. The same educational disparities in life expectancy have been described at the
population level, which further emphasizes the long-term importance of education as a health advantage [14].

Schooling and income composition of resources had the highest positive score with life expectancy among the
socioeconomic indicators. Both retained in the multivariable model where both were positive significant predictors. The
education may affect the lifespan by affecting the health literacy, employment prospects, preventive behaviour and social
resources. Previous longitudinal studies have also found education and economic factors to be key determinants of life
expectancy and healthy life expectancy [15]. There was also a positive bivariate association, but less strong than that of
schooling and income composition, between national economic capacity and improved survival, as measured by GDP.
Similar data have correlated increased economic growth with increased life expectancy, and have noted the effects of
broader environmental and social factors [16].

Volume-10 | Issue-01 | March 2024 45



The percentage expenditure was found to be positively correlated with life expectancy, suggesting the role of healthcare
spending on population health. An increase in spending on the public sector can increase the availability of health services,
preventive care, treatment facilities, and access to necessary interventions, but the effectiveness of increases depends on
the efficiency of each allocation of resources [17]. The relationship between income and health expenditure, too, can be
helpful in understanding the relationship between country-level results in life expectancy and the level of economic
resources available to the country [18].

Theoretically similar patterns were observed for health-related indicators. A positive correlation was observed between
life expectancy and immunization coverage for diphtheria, polio and hepatitis B. High sustained vaccination coverage
both decreases preventable childhood morbidity and mortality and shows the progress made on basic health services
delivery, and has been shown in the past to be correlated with socioeconomic and health-system conditions internationally
[19]. Adult mortality had the highest correlation with longevity and was the most statistically significant negative predictor
in the regression model, in contrast. The types of deaths that significantly drive inequalities in life expectancy have been
shown elsewhere in relation to socio-economic status [20].

The increase of life expectancy with income composition and socioeconomic development is also compatible with findings
among Eastern European populations, where there was a strong covariance of socioeconomic conditions and survival
outcomes [21]. Similarly, recent studies in South Asia have demonstrated that spending on health care, income and
education are all associated with differences in life expectancy [22]. This difference in development status may thus be
due to a combination of disadvantages beyond healthcare. A range of impacts of socioeconomic disadvantage, including
reduced life expectancy and increased premature deaths, have been linked to multidimensional deprivation [23].

BMI was positively associated with life expectancy within the range observed, while HIV/AIDS was negatively associated
with it. After the adjustments, the negative predictor remained the infant death rate. These findings indicate that mortality
and disease burden continued to influence longevity even when socioeconomic variables were considered simultaneously.
There have also been recent indications that socioeconomic inequalities and cause-specific mortality patterns are
intertwined in determining life-expectancy inequalities [24]. The significant disparities in longevity across regions in low
and middle-income countries also emphasize the role of structural and socio-economic factors in understanding
inequalities in longevity [25].

The overall explanatory power of the regression model was relatively high, using about 75% of the variation in life
expectancy. The associations should not be considered as causal relationships since the analysis was based on
observational country-year data. Other institutional, environmental, behavioural and healthcare factors may have
contributed to the variability not explained by the measured factors.

5. Conclusion

Life expectancy was significantly different by country and was correlated with socioeconomic development, mortality
burden and selected health measures. The observations from developed countries revealed significantly greater longevity
than those from developing countries, and the best positive socioeconomic correlates were schooling and income
composition of resources. HIV/AIDS, adult mortality, and immunization coverage and BMI were among the largest
negative health-related associations, while BMI and immunization coverage were positively correlated with longevity. A
large amount of variation in the observed data was accounted for by the multiple linear regression model and income
composition, schooling, adult mortality, alcohol consumption and infant deaths were identified as significant separate
predictors. The results suggest that increase in longevity is associated not only with capacity for economic development,
but also with education, lowering of death rates, better preventive health care and wider social development. The findings
thus favor an integrated policy approach focusing on investments in education, access to health care, immunization,
disease control, and reducing mortality. The relationships found in this analysis should be viewed as statistical
associations, due to the observational nature of the country-year information used. The model could be further developed
in future to include environmental, institutional and behavioural indicators to account for further cross-country variation
in life expectancy.
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