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1. Abstract

This study identifies and analyzes the key environmental factors contributing to the loss of healthy years of life,

as quantified by Disability-Adjusted Life Years (DALYs), across various regions worldwide. Using data from

The Organisation for Economic Co-operation and Development (OECD) we employ an ordinary least squares

(OLS) regression model to estimate the impacts of several predictors on DALYs. Our analysis indicates a

positive relationship between lead exposure, air pollution, second-hand smoke, and DALYs, while the quadratic

effect of air pollution negatively impacts the number of healthy life years lost. The findings show variations in

the influence of these factors among different global regions, highlighting the highest level of DALY in areas

with environmental issues like Africa and the smallest in well-regulated environmental regions such as Oceania.

This research supports targeted public health interventions and policies aimed at mitigating environmental risks,

particularly in vulnerable populations, to enhance global health outcomes.

Keywords: Disability-Adjusted Life Years (DALYs), Cross-Country Analysis, Determinants of DALYs, Public

Health Interventions
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2. Introduction

The purpose of our study is to analyze how various factors affect the DALY indicator, which demonstrates the

number of healthy years of life lost due to a number of environmental problems and threats. This analysis will

allow us to understand the threat to human health and life posed by such environmental factors as water and air

pollution, climate, waste disposal, and others. The importance and relevance of this study is to get a clear

understanding of how the invisible dangers we face every day become destructive factors for our health. The

study of the relationship between various environmental hazards and DALYs will be able to attract the attention

of the government, healthcare and research institutions in order to reduce the impact of these indicators and

make changes in public policy to focus on solving the problems of pollution, harmful emissions, waste, etc.

This study should show how environmental pollution is a serious threat that reduces life expectancy. And it can

become the basis for making important decisions aimed at solving environmental problems and, as a result,

preserving people's health and lives.

This study focuses on a universally compelling narrative: the impact of the environment on human health, as

measured by the DALYs. It is fascinating to explore the invisible, often overlooked connections between daily

environmental exposures (such as air and water pollution) and their long-term impact on human well-being.

This study is particularly compelling because it highlights the potential for critical health and environmental

policies to reduce these risks. It underscores the importance of collective action and awareness to inspire

sustainable practices and policy changes that promote healthy environments. The convergence of individual

health outcomes and global environmental challenges makes this topic not only interesting, but also critical to

society's efforts to address and adapt to these challenges.

The value of this study is that it can help to significantly reduce risks or avoid morbidity. The results obtained

can contribute to the role of social responsibility in people, should encourage the public to be aware of their own

actions and the impact they may have on others, to use environmentally friendly technologies and reduce

emissions.
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3. Data and Methods Description
3.1 Data Sources
Data for this study was obtained from the Organisation for Economic Co-operation and Development -

Mortality, morbidity and welfare cost from exposure to environment-related risks (oecd.org). We used the

OECD source because of its accuracy and reliability, and because the organization provides a platform for

comparing policy experiences, finding solutions to common problems, identifying best practices, and working to

coordinate domestic and international policies. In particular, for the study of disability-adjusted life years, data

for the period of 2019 were taken from GBD (2019), Global Burden of Disease Study 2019 Results, to measure

the average value of DALYs for all countries during the selected period. This allowed us to avoid errors and

inaccuracies in the indicators and obtain accurate and reliable data.

3.2 Dependent variable
Our dependent variable, expressed as a % of total DALYs. One DALY represents the loss of the equivalent of

one year of full health. In the context of DALYs, full health is defined as a state in which a person does not have

a serious illness, injury, or disability that prevents them from living a full and productive life without any

limitations. Using DALYs, the burden of diseases that cause premature death but little disability (such as

drowning or measles) can be compared to that of diseases that do not cause death but do cause disability (such

as cataract causing blindness).

3.4 Independent variables
The independent variables considered in this study are regarding Region, Air pollution, High temperature, Lead

emissions, Unsafe water, Unsafe sanitation and Second-hand smoke. Each variable is measured as follows:

1. Region: North America, South America, Oceania, Asia, Africa and Europe.

2. Air pollution: Air pollution from solid fuels is estimated based on the proportion of households using

solid cooking fuels. The definition of solid fuel includes coal, wood, charcoal, dung, and agricultural

residues.

3. High temperature: High temperature is quantified as a variable representing the relative mortality risk

associated with exposure to varying degrees of average daily temperatures and distinct temperature

zones, measured in degrees Celsius (°C) or Fahrenheit (°F) and categorized within specific ranges or

'zones' that correlate with increased health risks.

4. Lead: Lead is defined in two different ways according to the currently known pathways of health loss.

Acute lead exposure, relevant to disease burden through IQ loss in children, is measured as the

micrograms of lead per decilitre of blood (μg/dL). Long-term lead exposure, relevant to disease burden

in adults given the manifestation of health impact through increased systolic blood pressure and hence

a decline of cardiovascular health, is measured as the accumulation of lead in the bone as micrograms

of lead per gram of bone (μg/g).

5. Unsafe water: Unsafe water source is expressed as the proportion of individuals with unimproved

water source prevalence or household water treatment.
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6. Unsafe sanitation: Unsafe sanitation is expressed as the proportion of individuals without sewer

connection or improved sanitation.

7. Second-hand smoke: Second-hand smoke is expressed as the proportion of the population exposed to

second-hand smoke at home, work or in other public places.

3.5 Model estimation methodology
The model will be evaluated through ordinary least squares (OLS) regression analysis. This OLS approach will

determine the values of the coefficients. T-tests will be used to evaluate the significance of these coefficients,

while the model's overall effectiveness will be calculated by using the coefficient of determination (R²) and the

adjusted R². Additionally, the utility of each independent variable will be examined using the F-statistic to

construct the most explanatory model. Ultimately, this model will be used for forecasting purposes and to realize

the key factors influencing the dependent variable.

3.6 The model equation
The regression model equation can be represented as follows:

DALYs = b0 + b1*Region + b2*Air_pollution + b3*High_temperature + b4*Lead + b5*Unsafe_water_source +

b6*Unsafe_sanitation + b7*Second_hand_smoke + e

Where:

• “β0” is the intercept (constant term).

• “βi” are the coefficients for the corresponding predictor variables.

• “ε” is the error term (representing the difference between the actual and predicted values of the de-

pendant variable).

3.7 Prior expectations
The above variables were selected based on research conducted by the World Health Organisation, and the

Environmental Protection Agency (EPA).

Considering the existing theories, the expectations regarding the influence of each predictor on the DALYs can

be formulated as follows:

Hypothesis 1: DALYs are expected to be highest in countries in the Africa region and lowest in countries in the

Europe region. This is because countries in the Africa region have the least resources and capacity to control the

factors that cause death, and countries in the Europe region have the most resources and capacity.

Hypothesis 2: Air pollution is expected to have a positive effect on DALYs, as it can lead to respiratory and

cardiovascular diseases, as well as cancer.

Hypothesis 3: Extremely high temperatures are expected to have a positive impact on DALYs because they can

lead to increased illness and death from heat, cold, and extreme weather events.

Hypothesis 4: Lead emissions are expected to have a positive effect on DALYs because they lead to serious

health problems such as high blood pressure and lung cancer.
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Hypothesis 5: Unsafe water indicators are expected to have a positive effect on DALYs as they lead to the

spread of diseases such as malaria.

Hypothesis 6: Unsafe sanitation indicators are expected to have a positive effect on DALYs as they lead to the

spread of diseases such as hepatitis and cholera.

Hypothesis 7: Second-hand smoke risks are expected to have a positive effect on DALYs because they can lead

to respiratory diseases, cardiovascular diseases, and lung cancer, and specific diets can lead to diabetes and

cancer.
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4. Empirical Analysis and Results
4.1 Visualizing the relationship
We start start the analysis by exploring the relationship in our data visually

Figure 1: Plot of the relationships between all the variables within the dataset

The scatterplots show a strong positive relationship between the variables Unsafe_water and Unsafe_sanitation,

as the points form an almost straight line. For the other variables, the points do not suggest obvious linear

relationships, and require further investigation.
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4.2 Exploring correlations
These preliminary conclusions can be supported when calculating correlations between variables in our dataset.

Table 1: The correlation matrix of all the variables

The correlation matrix shows that Unsafe_water and Unsafe_sanitation have a high positive correlation

coefficient of 0.9949357, indicating an almost perfect positive linear relationship between these variables.

More specifically, we can see that DALYs correlate with the chosen predictors in our dataset. Hence, it makes

sense to fit a regression model to our data.
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4.3 Initial full model
We begin our regression analysis by including all of the predictors that we collected based on the theory.

We use the backward selection procedure to select only those predictors that impact DALYs in a statistically

significant way.

4.4 Reduced models and interactions
Our reduced model can be presented as follows:

In this model, we retain only region, Air_pollution, High_temperature, Lead, Second_hand_smoke. According

to their p-value we should omit the Air_pollution, as its p-value is more than 0.05, but our further investigation

shows that including the interaction between region and Air_pollution increases the model quality a lot:
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The summary shows that multiple R-squared is 10% bigger for the model with interaction.

We use the F-test to compare the full and reduced models. As p-value for the third model is less than 0.05, we

reject the null hypothesis in favor of accepting the alternative one.

4.5 Exploration of quadratic effects
The analysis proceeds by checking whether there is any quadratic effect in our model. Further testing showed

that one of our predictors indeed develops a nonlinear relationship to the response variable.
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Also, the quality of the model has slightly improved, according to the R-squared and adjusted R-squared values.

We proceed to the comparison of the two models: with interaction and with quadratic effect.

The p-value states that there is a statistically significant difference between the models at 0.05 significance

level. Thus, we chose the last model as the one that predicts the results better.

Before commencing to interpreting the results, we need to check whether the model meets all the assumptions

for the regression analysis.

4.6 Testing for collinearity

To test whether there is a collinearity problem in our model, we apply the Variance Inflation Factor (VIF) test.

In this output, we see that some predictors have a VIF greater than 5, which is not a problem of

multicollinearity, but the result of the interaction between air pollution and region, and quadratic effect.

4.7 Testing for regression analysis assumptions

Figure 2: The fitted & residuals plot of the final model
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Here, we see two things very clearly:

1) For any fitted value, the residuals seem roughly centered at 0. Hence, the linearity assumption is met.

2) We also see that for larger fitted values, the spread of the residuals is larger. Hence, the constant variance

assumption or the normal distribution of errors assumption is violated.

We used the Breusch-Pagan test, to analytically test the assumption of constant variance of the residuals.

Hypotheses:

•H0: Homoscedasticity - The residuals have constant variance about the true model.

•H1: Heteroscedasticity - The residuals have non-constant variance about the true model.

The p-value of the Breusch-Pagan test statistic is 7.089e-05, which is below the significance level 0.05.

Therefore, we reject the null hypothesis that the residuals have constant variance in favor of the alternative

hypothesis that the residuals have nonconstant variance.We have the case of heteroscedasticity.

According to the histogram, we can see that the distribution of residuals is not normal.

We used the Shapiro-Wilk test, to analytically test the assumption of normal distribution of residuals.

Hypotheses:

H0: The distribution of residuals is normal

H1: The distribution of residuals is non-normal

Since the p-value for W-statistic is smaller than the significance level of 0.05, we reject the null hypothesis in

favor of the alternative one.

Hence, we can conclude that the assumption of normality is violated.
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To meet the assumptions of normality, we can introduce the logarithmic transformation into our model (Annex

1). According to the following investigation regarding positive changes in Breusch-Pagan and Shapiro-Wilk

tests, there is no significant difference between model with quadratic effect and model with logarithm. The

model fit has not improved. So, we proceed to the conclusion that our data was sampled from a NON-normal

distribution.

4.8 Exploring the model quality
The following conclusions have been driven from the final model summary and can be found in Annex 2.

Since the p-value of the F-statistic is less than the significance level of 0.05, we can conclude that at least one of

the predictors in our model has a non-zero relationship with daly.

Based on R-squared, we can say that modeling daly through a linear relationship with region, air pollution, lead,

second-hand smoke and the interaction between regions and high temperature allows us to explain 52.03% of

the variation in daly percentages in our sample.

Furthermore, explaining DALYs in Europe, Oceania, North America, South America and Africa through a

linear relationship with region, air pollution, lead, second-hand smoke and the interaction between regions and

high temperature results in the error of 1.989 percent, which is a relatively small number.

Therefore, we keep the model:

DALYs = 1.27 - 0.01*(Air_pollution)^2 + 0.13*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke +

0.26*regionEurope - 3.38*regionOceania + 0.07*regionNorth America - 0.17*regionSouth America +

1.17*regionAfrica + 1.54*regionEurope:Air_pollution + 0.1*regionOceania:Air_pollution -

0.14*regionNorthAmerica:Air_pollution - 0.12*regionSouth America:Air_pollution -

0.05*regionAfrica:Air_pollution + e

4.9 Model interpretation
The fitted regression line for Europe:

DALYs = 1.53 - 0.01*(Air_pollution)^2 + 0.67*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In Europe, there is 1.53 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in Europe results in an estimated average increase by 0.67 percent in

DALYs, holding other predictors constant.

The fitted regression line for Oceania:

DALYs = -2.11 - 0.01*(Air_pollution)^2 + 0.23*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In Oceana, there is -2.11 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in Oceania results in an estimated average increase by 0.23 percent in

DALYs, holding other predictors constant.

The fitted regression line for North America:

DALYs = 1.34 - 0.01*(Air_pollution)^2 - 0.01*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In North America, there is 1.34 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in North America results in an estimated average decrease by 0.01

percent in DALYs, holding other predictors constant.
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The fitted regression line for South America:

DALYs = 1.1 - 0.01*(Air_pollution)^2 + 0.01*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In South America, there is 1.1 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in South America results in an estimated average increase by 0.01

percent in DALYs, holding other predictors constant.

The fitted regression line for Africa:

DALYs = 2.44 - 0.01*(Air_pollution)^2 + 0.08*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In Africa, there is 2.44 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in Africa results in an estimated average increase by 0.08 percent in

DALYs, holding other predictors constant.

The fitted regression line for Asia:

DALYs = 1.27 - 0.01*(Air_pollution)^2 + 0.13*Air_pollution + 0.56*Lead + 0.66*Second_hand_smoke + e

In Asia, there is 1.27 % of total DALYs, if all other predictors equal zero.

A one unit increase in the air pollution in Asis results in an estimated average increase by 0.13 percent in

DALYs, holding other predictors constant.

For all regions:

A one unit increase in the lead results in an estimated average increase of 0.56 percent in DALYs, holding

other predictors constant.

A one unit increase in the second hand smoke results in an estimated average increase of 0.66 percent in the

daly, holding other predictors constant.

The negative coefficient for the squared term of air pollution (-0.01) suggests that there is a non-linear

relationship between air pollution and the daily variable. As air pollution increases, its effect on the daily

variable increases at a decreasing rate.

4.10 Standardized coefficients

We compare coefficients of different explanatory variables: Air_pollution, Lead, Second_hand_smoke, region:

Air_pollution, I(Air_pollution^2), region in a regression analysis, by computing standardized coefficients.

Lead: A one standard deviation increase in lead display is associated with a 0.1645 standard deviation increase

in the DALYs holding other variables constant.
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Air_pollution: A one standard deviation increase in air pollution is associated with a 0.338 standard deviation

increase in the DALYs, holding other variables constant.

Second-hand smoking: A one standard deviation increase in second-hand smoke exposure is associated with an

increase of 0.3687 standard deviations in the daily variable, holding other predictors constant. This indicates a

stronger positive influence compared to lead.

I(Air_pollution^2): The negative coefficient for the squared term of air pollution (-0.5118) suggests that there is

a non-linear relationship between air pollution and the daily variable. As air pollution increases, its effect on the

daily variable increases at a decreasing rate, indicating a potential diminishing return or negative acceleration in

its effect.

RegionEurope:Air_pollution: For one-unit increase in Air_pollution, the estimated average measurement
DALYs increases by 0.36 % of total DALYs, more for Europe than for other regions, holding other predictors
constant.

Region Oceania:Air_pollution: For one-unit increase in Air_pollution, the estimated average measurement

DALYs increases by 0.13 % of total DALYs, more for Oceania than for other regions, holding other predictors

constant.

Region North America:Air_pollution: For one-unit increase in Air_pollution, the estimated average

measurement DALYs decreases by 0.089 % of total DALYs, more for North America than for other regions,

holding other predictors constant.

Region South America:Air_pollution: For one-unit increase in Air_pollution, the estimated average

measurement DALYs decreases by 0.025 % of total DALYs, more for South America than for other regions,

holding other predictors constant.

Region Africa:Air_pollution: For one-unit increase in Air_pollution, the estimated average measurement

DALYs decreases by 0.12 % of total DALYs, more for Africa than for other regions, holding other predictors

constant.

4.11 Comparing results to the expectations
Hypothesis 1 (Regions): the hypothesis is partially confirmed. As we thought, the region with the highest

DALY rate was Africa, however, the region with the lowest rate was Oceania, not Europe, as we had assumed.

Hypothesis 2 (Air pollution): the hypothesis is partially confirmed, the air pollution indicator has a negative

effect on the dependent variable in some regions, America and Africa .
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Hypothesis 3 (High temperature): the hypothesis is not confirmed, the indicator of high temperature will not

have a positive effect on DALYs.

Hypothesis 4 (Lead): the hypothesis is confirmed, the indicator of lead exposure has a positive effect on

DALYs.

Hypothesis 5 (unsafe water): the hypothesis is not confirmed, the indicator is not significant for DALYs.

Hypothesis 6 (unsafe sanitation): the hypothesis is not confirmed, the indicator is not significant for DALYs.

Hypothesis 7 (second-hand smoke): the hypothesis is confirmed, the indicator of second-hand smoke has a

positive effect on DALYs.
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5. Conclusions

Based on the analysis conducted in this study, it is possible to draw conclusions about the significance of the

impact of environmental pollution factors, according to regions of the world, on the indicator of years lost due to

disability or death. We identified the most influential factors as air pollution, second-hand smoke and lead

exposure. Another important factor appeared to be geographic region, with Africa, as expected, being the region

with the highest DALY rate and Oceania the region with the lowest DALY rate. Another important factor for the

analysis was air pollution in different regions, the most polluted air was in Europe, and the cleanest in Africa.

Thanks to our model, we were able to successfully achieve our goal of investigating the impact of air pollution,

high temperature, lead, poor water quality, poor sanitation, and second-hand smoke on DALYs. Based on our

findings, we recommend that the governments of the most affected regions pay attention to the policy of

preventing mortality and disability in the countries of Oceania.

The environment in Ukraine has suffered significantly due to martial law, and the government's main goal is to

overcome the consequences of full-scale invasion. After all, war crimes committed on the territory of Ukraine

pose a much greater threat to the environment than the actions of civilians.

The next step in this study could be to analyze existing methods of combating health threats. In particular, the

countries of Oceania, because, as already mentioned, they have the best indicators among all regions. An

analysis of government policies and their effects would show which methods have the best impact on pollution

and which should be followed by other countries. Such a study would allow for a better understanding of the

factors that influence pollution and influence the development of strategies to combat them, which would lead to

a reduction in DALYs in the future.
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