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Abstract: The aim of the research presented here is to assess the magnitude of the burden of health
limitations resulting from air pollution on the world's economies. This burden was determined by
the estimated number of premature years of life lost (YLLs) or health lost (YLDs) due to air
pollution-related diseases in the working-age population. Attention was drawn to the problem of
existing inequalities in the global burden of national economies with different income levels. The
hypothesis of a persistently high level of inequality was verified on the basis of an analysis of the
convergence process in a group of 204 countries over the period 1990-2019. The results obtained
indicate a strong variation in the level of health constraints caused by air pollution. The analysis of
the catch-up process of the least advantaged countries (highest level of health constraints due to air
pollution) did not show a positive convergence effect in the study group.
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1. Introduction

Air pollution issues must now be seen not only as an environmental problem. By generating a
large global burden of disease, it must also be considered in economic terms. Although the
consequences of poor air quality are particularly evident among the elderly (as a result of long-term
exposure), the measurable effects of the burden of this risk factor can also be estimated for the
working-age population. In terms of economic (social) costs, years of health and life lost prematurely
due to illness or death significantly reduce the human resource potential of an economy [1-3],
representing a source of its lost productivity [4-7]. There is epidemiological evidence that pollution
particles with a diameter of less than 2.5 (PM2.5) represent an extremely hazardous factor for human
health [8], indicating the need to study the impact of air pollution on morbidity and mortality, also
in terms of the so-called indirect costs of disease. Reduced physical and mental fitness is now
identified as one of the main causes of inactivity among people of working age [9,10], and the
mechanisms by which health affects economic productivity are the subject of numerous studies [11-
14]. Although air pollution is commonly associated with areas of high production intensity, data on
morbidity and mortality due to this risk factor indicate that the burden of disease due to air pollution
is greatest in low- and middle-income countries [15]. It is in the lowest-producing countries that air
pollution is now one of the major (or main) risk factors for the burden of disability or premature
death.

The aim of the research presented here is to assess the magnitude of the burden of health
limitations resulting from air pollution on the world's economies. This burden was determined by
the estimated number of years of life lost prematurely (YLLs) or health lost (YLDs) due to air
pollution-related diseases in the working-age population. The analysis used Institute for Health
Metrics and Evaluation (IHME) data from the Global Burden of Disease Study 2019 (GBD 2019) [16].
Attention was drawn to the problem of existing inequalities in the level of global burden on national
economies determined by their income levels. The hypothesis of persistently high levels of inequality
was verified on the basis of an analysis of the convergence process in a group of 204 countries over
the period 1990-2019.

Observations on the global burden of disease due to environmental risk factors indicate that
mortality rates due to air pollution tend to increase as countries, through increased industrialisation,
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move from low to middle income levels [17]. Once a country reaches a higher level of development,
these rates again reach lower levels as both air quality and access to health care improve. In contrast,
the phenomenon of exponential increases in air pollution with increasing industrialisation in middle-
income countries results in the highest mortality from this risk factor in this group of countries in
many studies. The concept of unequal burden of the effects of air pollution is based on the
relationship between income inequality and economic development, put forward by Simon Kuznets
in 1955 [18]. This is the so-called Environmental Kuznets Curve (EKC), which is often used to describe
the relationship between economic growth and environmental quality. It refers to the hypothesis that
there is an inverted U-shaped relationship between the value of output per capita and certain
measures of environmental quality. The EKC thus describes a hypothetical relationship between
various indicators of environmental degradation and the level of per capita income. During the initial
phase of a country's economic growth, emissions increase and environmental quality deteriorates,
but above a certain level of income per capita (different for different environmental indicators) this
trend reverses, resulting in an improvement in the environment at high income levels [19]. It should
therefore be assumed that the level of environmental burden can be expressed as an inverted U-
shaped function of per capita income. According to the EKC concept, the condition for environmental
improvement is therefore an increase in income, which can then be translated into effective
environmental policies. In the literature, the model has seen numerous proposals for modifications
regarding the relationship between environmental parameters and economic growth, revealing
potential mechanisms for adaptation of emission reduction practices that may deviate significantly
from the theoretical assumptions of the EKC model [20-22].

Ambient and domestic air pollution is currently a key global health problem, contributing to
approximately 7 million (potentially preventable) deaths per year, reduced life expectancy and
significant direct and indirect social costs [23,24]. Currently, air pollution is a major environmental
risk factor for premature deaths and is responsible for significant morbidity with short- and long-
term health consequences [25]. Analyses of the association between ambient air pollution and
cerebrovascular [25-28], neurological [29-31] and psychiatric [32-34] disorders are widely presented
in the literature. Exposure to various forms of air pollutants, especially fine particulate matter that
easily enters the body, can potentially contribute to stroke, dementia, Parkinson's disease, cognitive
impairment and neurodevelopmental disorders [35,36]. Evidence of a positive correlation between
high ambient PM 2.5 levels and the occurrence of depression has also been revealed [37].
Inflammation and oxidative stress are considered to be central pathophysiological mechanisms
through which air pollution causes brain damage [38]. Due to an increase in clotting factors and
platelet activation, it also creates conditions for thrombus formation [39]. At the same time, studies
confirm a strong association between air pollution and cardiovascular morbidity and mortality
[40,41].

As a result of the indicated multifaceted impact on the human body, air pollution is now a major
contributor to the burden of disease worldwide. In 2019, 6.67 million deaths were attributed to this
risk factor, accounting for 11.8% of all deaths. Of this number, 4.1 million deaths (more than 61%)
were specifically attributed to outdoor air pollution. According to data from the Institute for Health
Metrics and Evaluation (IHME) published in the Global Burden of Disease Study 2019 [16], air
pollution (outdoor and indoor) is the fourth most common risk factor in terms of intensity of exposure
ending in death, after hypertension, smoking and poor diet. It is also one of the main causes of the
burden of non-communicable diseases (NCDs), primarily ischaemic heart disease, stroke, lower
respiratory tract infections and chronic obstructive pulmonary disease. Air pollution is the fourth
most important risk factor (after malnutrition, high blood pressure and smoking) contributing to the
global burden of disease as measured by the number of healthy life years lost due to death or
disability. According to IMHE estimates, air pollution contributed to 213.3 million healthy life years
lost due to premature death or disability in 2019. This represents 17.5% of the global burden of disease
generated by all risk factors combined.

Over the period 1990-2019, the global average total air pollution mortality rate fell from 121.5 to
86.2 deaths per 100,000 people, with the decline mainly due to improvements in indoor air quality
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(the indoor air pollution mortality rate fell from 81.5 to 29.9 deaths per 100,000 people). During this
period, the mortality rate due to ambient (outdoor) air pollution increased from 38.3 to 53.5 deaths
per 100 000 people, now accounting for more than 62% of the total burden of premature death due to
air pollution [16]. The same data show a persistent burden attributed to ozone air pollution over the
study period. The estimated burden of premature mortality due to exposure to this risk factor
increased from 3.4 in 1990 to 4.7 deaths per 100 000 people in 2019. Consistent with the reduction in
mortality, the contribution of airborne ozone to the global air pollution burden increased from 2.8 to
5.5 per cent over this period.

2. Materials and Methods

Institute for Health Metrics and Evaluation (IHME) data from the Global Burden of Disease
Study 2019 were used to assess the magnitude of the burden of disease caused by air pollution on
working-age populations in 204 countries worldwide [16]. The spatial distribution of the burden was
assessed by taking as a measure indicators representing the number of life years lost (YLLs) and the
number of potential years of life with disability (YLDs) following diseases associated with exposure
to air pollution. The level of burden measures was adopted based on methodologies proposed in the
literature to assess the phenomenon under study [42-44]. The approach adopted makes it possible to
estimate the potentially lost effective working time of people of working age, while also indicating
the degree of burden of disease caused by a given risk factor on national economies. In the GBD 2019
study, three groups of pollutants were considered in estimating the level of air pollution, i.e. (1)
ambient particulate pollution taken as the annual average daily exposure to outdoor concentrations
of particulate matter with aerodynamic diameter <2. 5 um (PM2.5), (2) household air pollution (NDS)
from solid fuels taken as the individual exposure to indoor PM2.5 concentrations due to the use of
solid fuels for cooking and heating, and (3) ozone air pollution. Due to the objective of the study, the
variables analysed were aggregated for the population aged 20-54 years, taking this age range as the
one characterised by maximum productivity. Comparability of data between countries was achieved
through intensity ratios relating to the number of observed cases per population size (rate). Statistical
measures were used to determine the level of variation in the parameters analysed across the study
group of 204 countries.

Estimating the level of disease burden resulting from air pollution required simultaneous
consideration of both the area-specific intensity of the risk factor (mainly PM2.5 in ug/m?, indoors
and outdoors) and the sensitivity of individual diseases to long-term exposure to these factors. A set
of risk curves created from GBD data [45] (Figure 1) indicates that chronic obstructive pulmonary
disease is particularly sensitive to increases in PM2.5 intensity. In this case, the level of relative risk
(RR) burden increases practically linearly reaching RR=5.6 at a potential PM2.5 concentration of 600
pg/m3. This means that the probability of adverse effects of chronic obstructive pulmonary disease
(loss of life or health) in a person with long-term exposure to this level of PM2.5 is more than 5.5 times
higher than in a person not exposed to this risk factor. A significant increase in the relative risk level
with increasing PM2.5 concentrations in m3 is also evident for ischaemic heart disease - in this case,
with long-term exposure to PM2.5 at 600 ug/m?, the RR increases to 3.2. For the burden of diseases
such as strokes, type 2 diabetes, tracheal, bronchial and lung cancers and lower respiratory tract
infections, an intense increase in relative risk is seen at initial exceedances of the safe exposure
standards, while exceedances of 100 pg/m? no longer have a significant effect on the increase in risk.
In the case of stroke, long-term exposure to PM2.5 concentrations on the order of 90 ug/m? creates
more than 3.5 times the likelihood of a person exposed to such exposure becoming ill or dying
compared to those without exposure (RR=3.6).
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Figure 1. Integrated exposure response curve for long-term exposure to PM2.5 - relative risk (RR)
values as a function of total PM2.5 intensity. Source: own elaboration based on: [45].

GBD 2019 summary exposure value (SEV) data [45] simultaneously indicate a decreasing global
exposure to total air pollutants over the last 30 years (Table 1), with the decrease determined by a
significant reduction in exposure to household air pollution from solid fuels. For risk factors such as
ambient particulate matter pollution and ambient ozone pollution, total exposure has increased.

Table 1. Summary exposure value (SEV) rate for 1990, 2019 and annualized rate of change (ARC) for

1990-2019.
Risks SEV 1990* SEV 2019 ARC 1990-2019
L. Environmental/occupational 52.55 45.36 -0.51
risks (48.66-55.92)** (41.16-49.19) (-0.62- -0.40)*
45.37 34.72 -0.92
A. Air polluti
1 potiution (32.89-56.28) (25.86-44.40) (-1.25- 0.61)*
Al. Particulate matter 44.26 33.84 -0.93
pollution (31.87-55.07) (25.08-43.43) (-1.26- -0.61)*
Ala. Ambient particulate 15.65 26.19 1.78
matter pollution (10.61-21.58) (21.55-30.48) (0.95-2.71y*
P (16.18-38.86) (6.72-18.82) (-3.53- -2.20)*
fuels
. . 50.67 61.19 0.65
A2. Ambient ozone pollution (22.95-73.01) (32.26-80.39) (0.33-1.25)*

* Summary exposure value (SEV) is the RR-weighted prevalence of exposure, a univariate measure of risk
weighted exposure, taking the value zero when no excess risk for a population exists and the value one when
the population is at the highest level of risk. SEVs has been reported on a scale from 0% to 100% on which a
decline in SEV indicates reduced exposure to a given risk factor and an increase in SEV indicates increased
exposure. **95% uncertainty interval (UI) Source: [45].

Currently, air pollution levels are characterised by large differences in severity across regions
and countries. A greater burden of air pollution is observed in low- and middle-income countries,
and the reasons for this are both the high indoor pollution rates characteristic of low-income countries
(due to reliance on solid fuels for cooking and heating) on the one hand, and the increasing levels of
outdoor air pollution as developing countries become more industrialised on the other [46]. Global
data on air pollution levels confirm the inequalities that still exist in this area. Indeed, high average
PM2.5 concentrations mainly affect African and Asian countries (Figure 2). Countries with the highest
average PM2.5 concentrations include India (83 pg/m?), Niger (80 pg/m?), Nigeria (70 pg/m?®) and
Egypt (68 ng/m?). The values recorded there are almost twice as high as the global average and more
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than 500% above the average value for the European region. Between 1990 and 2019, while the
European area saw a decrease of almost 30% in PM2.5 pollution levels, the intensity of this risk factor
increased by 9% in the Asian area. In the case of the Indian area, this was an increase of 16%. However,
the largest increase in PM2.5 intensity (43% increase) was recorded in Mongolia.

Ambient particulate matter pollution (PM2.5, annual mean), 2019
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Figure 2. Spatial distribution of PM2.5 levels in 2019 and change from 1990 to 2019, N=204. Source:
own elaboration based on: [45].

An analysis of the relationship between a country's level of income (GDP per capita) and the
average level of PM2.5 intensity (pg/m?) in its area shows that there is a persistent unfavourable
relationship worldwide between air pollution levels and national product levels. This means that a
large proportion of countries with low production values (low GDP per capita) experience high levels
of PM2.5 intensity (Figure 3). Over the period 1990-2019, the level of the correlation coefficient
between the value of gross domestic output per capita and the intensity of PM2.5 in the air increased
from -0.34 (1990) to -0.37 (2019), indicating a continuing stable trend in this regard.
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Figure 3. Relationship between GDP per capita income level and PM2.5 air pollution levels. Source:
GDP per capita [46] and PM2.5 in ug/m?3 [45].

According to IHME [16] data on the global burden of disease worldwide, in 2019, in the
population aged 20-54 years, the average burden of disease resulting from long-term exposure to air
pollution, as measured by the number of years of life and health lost due to these diseases (DALYs),
was 1145.2 per 100,000 people in this age group. Taking into account the 204 global economies
included in the study , this rate, depending on the country, ranged between 8672.6 (Solomon Islands)
and 33.1 (Sweden). The key sources of air pollution burden in this age group were cardiovascular
diseases (DALYrate=786.5), chronic respiratory diseases (DALYrate=108.7), diabetes and kidney
disesse (DALYrate=102.4), respiratory infections and tuberculososos (DALYrate=84.1), and
neoplasms (DALYrate=54.7).

A characteristic feature of the health burden caused by exposure to air pollution is the relatively
high burden of premature mortality among those affected. The proportion of years of life lived with
disability (YLDs) in relation to the total number of years of healthy life lost (DALYs) following
exposure to air pollution in the population aged 20-54 years averaged 10.0%. In the study group, it
ranged between 4.3% (Solomon Islands) and 39.3% (Norway). A key problem of the burden on the
potential of people of working age is therefore the high mortality rate of those affected by air quality-
determined diseases.

Over the period 1990-2019, the burden of premature mortality caused by air pollution managed
to decrease significantly in the studied group of 204 countries - the average YLL(AP)rate decreased
1349.0 from 879.8 life years lost per 100,000 people aged 20-54 (the study also confirmed the statistical
significance of these differences assuming a=0.05, Wilcoxon test results p=0.000). However, the values
remained highly dispersed, which indicates persistent inequalities within the group (Figure 4).
During the study period, the coefficient of variation of the YLL(AP)rate parameter increased from
81.0 to 100.4%. In contrast, the level of disability burden due to air pollution did not change
significantly. The average YLD(AP)rate decreased from 144.6 to 143.0 life years lost per 100,000
people aged 20-54. The level of the coefficient of variation fell from 54.7 to 52.7 per cent over the
period under review, indicating no apparent trend towards levelling out existing inequalities in this
area (Table 2).
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Figure 4. Distribution of YLL(AP)rate and YLD(AP)rate, population aged 20-54, 1990 and 2019,
N=204. Source: own study based on the data: [16].

Table 2. descriptive statistics - YLL(AP)rate and YLD(AP)rate, population aged 20-54, 1990 and 2019,

N=204.
Variable ' 'Descriptive statistics'
N valid Mean Min. Max. Variance SD Ccv
YLL(AP)rate, 1990 204 1349,0 86,0 9249,9 1193365,6 1092,4 81,0
YLL(AP)rate, 2019 204 879,8 20,4 8299,1 780868,3 883,7 100,4
YLD(AP)rate, 1990 204 144,6 12,9 360,3 6259,0 79,1 54,7
YLD(AP)rate, 2019 204 143,0 11,0 396,3 5674,7 75,3 52,7

Source: own study based on the data: [16].

Given the demonstrated heterogeneity of the burden of air pollution and its variability over time,
the assumed global convergence in the burden of lost productivity on national economies was
measured separately for parameters based on estimates of the burden of premature death
(YLL(AP)rate) and long-term disability (YLD(AP)rate) in the working-age population defined for the
whole study. The expected effect of decreasing global inequalities in the level of the burden of the
consequences of air pollution on the world's economies will be an apparent process of positive
convergence consisting of a decrease over time in the average level of the indicators studied as their
level of dispersion decreases. In assessing the system under study's progress towards equilibrium,
the concept of beta (f) unconditional convergence, which takes into account different initial
conditions and predicts that outliers catch up faster with respect to the target, and the concept of
sigma (o) convergence, defined as a decrease in dispersion in performance, was used. To verify the
beta-convergence hypothesis using cross-sectional data, a model was used to explain the growth of
the trait under study in each country (i=1....N) between period to and to +T using the initial value of
the trait in each member country according to the formula:

In (M) =a+ bln(yl-to) + Uity itg+T (@)

Yitg

where: yir - value of trait y in area 7 in period t; uit - random disturbance. The occurrence of beta-
convergence is confirmed by the negative and statistically significant value of the estimator b:

b= —(1—eBT) @

A negative sign of the parameter b indicates the presence of beta convergence (convergence)
between member countries.
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The analysis assumes that beta convergence occurs in the study area if countries with an initially
worse value of a given variable (the highest level of the YLL(AP)rate or YLD (AP)rate) catch up by
showing a faster rate of transition to the expected state, i.e. the relation of the parameters y /yiw+tito
tends towards zero. The inclusion of absolute (unconditional) convergence in the study implies the
assumption that all countries move towards the same long-run equilibrium state and reach this state
at the same time. Countries with a worse initial position, however, have a longer way to go. The
occurrence of sigma convergence implies the achievement of the expected reduction in the level of
dispersion (dispersion) of the trait under study over time. In order to verify the hypothesis of the
occurrence of sigma-convergence in the studied system, as a measure of the dispersion of the trait in
question, the amount of variance from the population in period t (01) was taken according to the

formula:
Zit1 Ve — ¥)*
2 — i=1\Vit t 3
of m ©)
where: yit - value of trait y in area i, in period t, y: - arithmetic mean of trait yi (for i=1,..N countries)
in period t.

It was assumed that sigma convergence would occur if the value of the adopted dispersion index
at the end of the analysed period (fo:1) was significantly lower than at the beginning (t0 ). Taking into
account the specificity of the studied process (burden of the studied world economies with the
consequences of diseases caused by air pollution), the expected positive effect of the convergence
process is a decrease in the average level of the studied parameters over time (y,,, < ¥;,) along with
a simultaneous decrease in the level of their dispersion (07, < 0f). The results obtained will allow
the evaluation of the convergence pattern in the studied system.

3. Results

Preliminary analysis of the IHME data confirms the assumption of inequalities in the level of the
global health burden of the consequences of air pollution observed also for the working-age
population. This means that these people experience different levels of risk of morbidity and
mortality due to air pollution depending on the level of economic development of the area.
Consequently, most countries in Africa and Asia experience high levels of morbidity and mortality
caused by exposure to air pollution, with a high contribution of this risk factor to the burden as
measured by the number of healthy life years lost through death (YLLs) or disability (YLDs). The
regional divide that exists in this respect is apparent, i.e. most countries in Europe, North America
and Latin America represent areas with low levels of air pollution's contribution to total morbidity
and mortality (Figure 5). In the study group of 204 countries, for the age group 20-54 years, the highest
share of air pollution-related deaths in total deaths occurred in Solomon Islands (20.0%), Vanuatu
(17.7%), Kuwait (17.6%) and Egypt (16.9%). In contrast, the smallest contribution of air pollution
diseases to premature deaths was recorded in Finland (0.5%), Sweden (0.5%) Iceland (0.7%) and
Estonia (0.7%). The highest contribution of air pollution to the burden measured by the number of
years of disability for people in the 20-54 year old population was in Papua New Guinea (3.4%),
Solomon Islands (3.4%) and Vanuatu (3.2%), while the lowest was in Iceland (0.09%), New Zealand
(0.10%) and Sweden (0.11%).
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Figure 5. Contribution of air pollution (AP) to premature deaths and years of life with a disability,
population aged 20-54, in 2019, N=204.

According to IHME data on the global burden of disease in 2019 [16], depending on a country's
level of economic development (as measured by the World Bank), the YLL(AP)rate (i.e. YLLs per
100,000 people) in the population aged 20-54 years varied between 219.4 (High Income group
countries) and 1428.5 (Low Income group countries). The level of the YLD(AP)rate (i.e. YLDs per
100,000 people) in the population aged 20-54 years, during the study period, varied between 68.7
(High Income group countries) and 223.3 (Lower Middle Income group countries) (Table 3). The
contribution of diseases caused by air pollution to the total number of years of life lost prematurely
(YLLs) in the 20-54 age group varied between 3.1% (High Income group countries) and 9.5% (Lower
Middle Income group countries). It should be noted that in the High and Upper Middle Income group
of countries, this share has decreased significantly over the period 1990-2019 (Table 3). In the low-
income countries (Lower Middle and Low Income group), the share of air pollution as a risk factor
for premature death increased by more than 12% on average. For healthy life years lost (YLDs), the
share of air pollution-related diseases in the total number of years lived with disability from all causes
varied between 0.5% (High Income countries) and 2.0% (Lower Middle Income groups). Over the
period 1990-2019, this share increased for the High Income countries (an increase of 3.4%) and
decreased for the Middle and Low Income groups (a decrease between 3 and 5% depending on the
income group).
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Table 3. Air pollution (AP) burden of disease - YLLrate/YLD rate, population aged 20-54, by country
group (breakdown by World Bank Income Levels), in 2019 and change from 1990 to 2019.
YLLs (AP) 2019 YLDs (AP) 2019
World Bank Income Group Rate* % in Rate* % in
all causes  NCD all causes NCD
2019

High Income 219,4 3,1% 4,2% 68,7 0,5% 0,6%
Upper Middle Income 771,5 7,6% 12,4% 163,6 1,6% 1,9%
Lower Middle Income 1343,0 9,5% 16,3% 223,3 2,0% 2,5%

Low Income 1428,5 7,3% 15,5% 209,8 1,9% 2,5%

Change over the period 1990-2019 (in %)

High Income -50,0% -31,5% -40,3% 7,9% 3,4% 1,4%
Upper Middle Income -40,4% -17,6% -19,9%  -2,4% -4.7% -6,8%
Lower Middle Income -22,6% 12,6% -7,5% -7,6% -4,1% -7,2%

Low Income -35,2% 12,6% -11,0% -10,8% -3,5% -11,9%

*YLLs/YLDs per 100,000 people.

The assessment of the correlation between the level of economic development and the level of
the burden of consequences of diseases caused by air pollution confirms the existence of a relatively
strong relationship between the indicated parameters in the studied group of 204 countries (Figure
6). The results show a clear correlation between the level of economic development of a country,
measured by the value of GDP per capita, and the number of years of life (YLL(AP)rate) and health
(YLD(AP)rate) lost due to air pollution. The relationships presented here confirm the unfavourable
patterns observed globally - residents of countries with lower national product can statistically expect
a higher burden of premature deaths and diseases caused by air pollution.

Table 4. Correlation results.

PM2.5
GDP YAYLL(  %AYLD(
(annual YLL(AP) YLD(AP
per AP)rate,  AP)rate,
Average  SD mean, rate, Jrate,
cap., 1990- 1990-
ug/m3), 20193 20193
20197 2019 2019
20192
GDP  per 243
22658 1,000  -0,368* -0489*  -0,595*  -0,362* 0,092
cap., 2019 32
PM2.5
(annual
mean, 26,1 17,7 -0,368* 1,000 0,283* 0,560* 0,274* 0,056
ug/ma3),
2019
YLL(AP)rat 883,
879,8 -0,489* 0,283* 1,000 0,785* 0,458* -0,002
e, 2019 7
YLD(AP)rat
143,0 753 -0,595* 0,560* 0,785* 1,000 0,516 0,163*

e, 2019
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AYLL(AP)r
ate,  1990-  -38% 2/6 -0,362* 0,274* 0,458*  0516* 1,000 0,522*
2019
AYLD(AP)r
ate,  1990- 3% 3/1 0,092 0,056 0,002 063*  0522* 1,000
2019

*Correlation coefficients determined are significant with p <.05000, N=204.

Relatively strong (r20.5) and statistically significant (p<0.05, for a=0.05) levels of negative
correlation were obtained for both variable analyses (Table 4). The results obtained explain to some
extent the reasons for the phenomenon of high air pollution burden in low-income economies . The
statistically significant correlation (r = -0.37) shown between the level of national product (GDP per
cap.) and the level of PM2.5 pollution in its area indicates that a large part of low-productivity
economies are affected by higher levels of air pollution. At the same time, these results do not confirm
the expected high level of positive correlation between PM2.5 intensity and the burden of disease
consequences of this risk factor on national economies. This indicates that there are other
determinants of this process, such as access to healthcare. In the case of the burden of premature
mortality caused by air pollution on the economy (YLLrate) in the 20-54 age group, the correlation
coefficient was only 0.28. There was a greater correlation between the intensity of exposure to PM2.5
and the burden of years of life with disability (YLDrate). In this case, the correlation coefficient was
0.56 (with static significance) (Table 4).

GDP per cap., 2019 ° ° ° ° °

PM2.5, 2019

| [ T—

° ° YLD(AP)rate, 2019

)

AYLL(AP), 1990-2019

elfa.__

AYLD(AP), 1990-2019

DDiDDDD:_

0

853 o0 ©
o%:%c%

Figure 6. Correlation matrix.
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In order to assess the persistence of globally existing inequalities in the level of the burden of the
consequences of air pollution on the world's economies, the correlation of the observed 1990-2019
rate of change in the parameters under study (%AY, 1990-2019) with their level in 2019 was
additionally assessed. The correlation level obtained for the YLLrate parameter, r=0.46 (at p<0.05, for
a=0.05), indicates the existence of a statistically significant, but not very strong, relationship between
the current level of the burden of premature death due to air pollution and its rate of change over the
study period. The results indicate that for a significant proportion of the countries studied, a high
level of the burden indicator was matched by a higher rate of increase. This indicates that inequalities
in the study group are perpetuated over time. In the case of the burden of the effects of air pollution
as measured by the number of years of disability (YLDrate), the level of correlation between the
relative increase over time and the current level of burden was 0.16, which does not confirm the
existing relationships in this area.

In order to verify the hypothesis assuming the existence of beta-convergence in the studied
process, an explanatory model of the growth of the studied characteristic in individual countries was
used according to formula (1). Assuming different initial conditions for individual world economies
determined by the level of the variables YLL(AP)rate and YLD(AP)rate in 1990, the rate of change of
the analysed parameters in individual countries in the studied period (relation 2019/1990) was
determined. It was assumed that in the case of countries with difficult initial conditions (high initial
levels of variables), this relation should be as low as possible, indicating a rapid rate of decline of the
parameter under study giving the effect of catching up with the group (beta convergence).

Estimated from formula (1), the regression models explaining the growth of the studied
indicators determining the burden of premature death (YLLrate) or disability (YLDrate) due to air
pollution-related diseases in the study group of 204 countries took the form:

a) YLL (AP)rate variable:

YLL (AP)ratejg19) __ _ )
In (Y—LL ( AP)ratemo) = —1,7684 + 0,1716In(YLL (AP)rate;o90), R

=0.0876;
b) YLD variable (AP)rate:

(YLD (AP)rat62019

— _ 2 _
= (Ap)ratew%) = 0,2801 — 0,061In(YLD (AP)rate;9q,), R =0.0199.

The resulting linear regression results of the parameters studied are shown in Figure 7.

YLD (AP)rate YLL (AP)rate
1,0

08
0,6
0,4

0,2

0,0

-0,2

In YLD(AP)2019/1990
In YLL(AP)2019/1990

-0,4

-0,6

038 5 d

o
21,0 || In YLD(AP)1990:In YLD(AP)2019/1990: y =0,2801 - 0,061*x; r=-0,1411; p = 0,0442; In YLL(AP)1990:In YLL(AF2’)2019/1990: y=-1,7684 + 0,1716";
" 1?=0,0199 -2.2 r = 0,2959; p = 0,00002; r? = 0,0876

1.2 24
2,0 2,5 3,0 35 4,0 45 50 55 6,0 6,5 4 5 6 7 8 9 10
In YLD(AP)1990 In YLL(AP)1990

Figure 7. YLLrate and YLDrate convergence patterns due to air pollution - beta convergence, over the
period 1990-2019, N=204.

In the case of the YLL(AP)rate parameter, the regression results obtained show that the value of
the b estimator is positive, indicating the absence of positive convergence effects within the group,
despite a slight decrease in the degree of dispersion (variance) of the indicator under study between
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1990 and 2019 (data in Table 2). This implies that disparities between the countries under study have
decreased, but the observed lack of beta-convergence does not warrant further inference in this
respect. The expected effects of convergence bringing the outlier economies (with the highest
mortality burden) closer to the average values observed globally are not visible.

In the case of the YLD(AP)rate parameter, the regression results obtained indicate that the value
of the b estimator is negative at -0.061 (at p=0.044, for a=0.05), which could indicate a slow
convergence effect in the group (the so-called half-life index determined from it, however, indicates
that at the rate of convergence determined, the current disparities would only be halved in the next
330 years). The level of variance of this variable has also decreased slightly over time (data in Table
2), confirming the slow levelling of disparities associated with the congregation process. However,
the lack of a measurable decline in YLD(AP)rata over time in the studied group of world economies
(the level of the variable declined by only 7% over the studied period 1990-2019), as well as the
previously indicated small share of this burden in the total air pollution burden, does not provide a
viable basis for inferring a reduction in global inequalities in the health burden of air pollution.

The estimated regression model explaining the incremental total burden of premature death and
disability (DALYrate) due to air pollution-related diseases in the study group of 204 countries (Figure
8) took the form:

l (DALY (AP)rate2019

— 2
S (Ap)ratew%) = —1,3225 + 0,1184In(DALY (AP)rate,oq), R

=0.0509.

DALY (AP)rate

0,6
0,4

In DALY (AP)2019/1990

-1,6 6 © o
1,8 o
2,0 In DALY (AP)1990:In DALY (AP)2019/1990: y =-1,3225 + 0,1184"x;

22 r=0,2256; p = 0,0012; r2 = 0,0509

4 5 6 7 8 9 10
In DALY (AP)1990

Figure 8. DALYrate convergence patterns due to air pollution - beta convergence, over the period
1990-2019, N=204.

The results confirm that there is therefore no basis for inferring an ongoing process of
convergence in the total health burden of air pollution worldwide. The parameter b (regression
coefficient) is in this case positive b=0.1184 and statistically significant (p=0.0012, with an assumed
a=0.05).

4. Discussion

Research findings presented in the literature indicate that adverse health effects of PM are
strongly related to pollutant particle size, composition and concentration and may occur even if
relative risk estimates indicate that pollutant parameters are within the designated range of values.
The combination of species and diurnal variations in particulate mass and composition is also a key
contributor to the toxicity of particulate air pollution [48]. In practice, measuring the relevant
parameters and quantifying their health effects is a difficult task, as numerous additional external
factors strongly influence human morbidity and mortality [49]. Identifying and correcting the


https://doi.org/10.20944/preprints202305.0702.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 May 2023 doi:10.20944/preprints202305.0702.v1

14

influence of confounding factors remains a difficult task, even though scientific advances are
providing new information on the toxicity of trace elements in ambient PM all the time [50,51]. It is
to be expected that in the future, multi-element analysis will be necessary for PM determination,
allowing the use of models to identify and partition pollutant sources [52,53]. On the other hand, a
growing number of studies indicate that air pollution is more hazardous to human health than
previously thought [54]. The currently established limit values for total mass concentrations of PM10
and PM2.5 are assumed to be indicators of potential risk to the environment and human health. The
PM10 fraction is light enough to float in the air for long periods of time, so it can be transported over
long distances; while PM2.5 is of particular health concern, as it is small enough to even enter the
bloodstream through the lungs and cause severe disease [55]. In September 2021, the WHO published
updated global air quality guidelines, with the new reference values being significantly lower for
most air pollutants than in the previous guidelines. Annual average values for PM2.5 have been
reduced from 10 to 5 pug/m3, for PM10 from 20 to 15 ug/m3, and for nitrogen dioxide from 40 to 10
ug/m3 [56].

Air pollution is a key determinant of human wellbeing worldwide, and the impact of air
pollution and socioeconomic position (SEP) on health is well documented in the literature. Research
findings show that many socially disadvantaged communities, including in particular low-income
and ethnic minority communities, are exposed to disproportionately high levels of air pollution and,
due to the additional effects of material deprivation and psychosocial stress, are likely to be more
susceptible to the health effects of these pollutants It should be emphasised, however, that the issue
of assessing the socio-economic consequences of air pollution is particularly complicated because of
the mechanisms that determine both the level of an area's exposure to environmental risk factors and
its ability to protect society from their negative effects. Recent studies increasingly indicate that the
level of air pollution burden is significantly determined by the socioeconomic position of those
exposed and may play a key role in the epidemiology of disease and death [57]. As a consequence of
the determinants indicated, it must be taken into account that a single variable, or a single index of
several variables, cannot fully capture the mechanisms responsible for the cumulative health effects
observed in specific communities following exposure to adverse environmental factors. However,
many studies, for lack of other options, rely only on single measures of SES, e.g. income or
educational attainment, without being able to consider the broader mechanisms through which SES
may influence the relationship between air pollution and health.

The findings presented in this study are part of a trend in the literature concerning the unequal
exposure of certain populations to environmental hazards and the disproportionate distribution of
the effects of these hazards among populations [58-62]. At the same time, they relate to theories of
environmental inequalities, allowing deeper insights into the pathways of SES effects on levels of
health inequalities [63,64], as well as providing an analytical framework to develop studies of
interactions between air pollution and social inequalities undertaken in the literature [65,66]. Indeed,
it appears that groups with high SES, even when exposed to higher concentrations of air pollution,
do not necessarily have a higher risk of illness or death. The findings presented in this paper confirm
that, globally, a greater correlation can be observed between the level of gross domestic product than
between the level of average exposure of an area and PM2.5. Socio-economic differences determining
limited access to resources thus appear to be the common denominator underlying environmental
inequalities.

The study of environmental inequalities, through its interdisciplinary nature, allows the use of
a range of perspectives and tools appropriate to both the social and natural sciences and the health
sciences. Economic inequalities and their consequences for health have long been the focus of
research conducted by both economists and researchers from other disciplines concerned with
population health. These researchers seek to understand the pathways by which socio-economic
status is inversely correlated with indicators of health and illness. In their proposed models, people's
characteristics are linked to various environmental exposures, access to and quality of healthcare [67-
70]. These studies clearly confirm the influence of socioeconomic factors and air pollution on life
expectancy [71,72].
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Despite the remarkable popularity of the issues of social and environmental inequalities taken
up in terms of health burdens, there is still a need to both seek answers and formulate proposals for
solutions to this issue. Few studies in the area of environmental risks have even addressed changes
in inequalities over time, which this study tries to fill to some extent. Essentially, its aim was to answer
the question: if we assume that a global air protection policy has been pursued over the past few
decades, has it succeeded in reducing the existing differences between countries in this area? The
results of the present study do not provide a positive answer to this question, because, despite a
decrease in the average air pollution burden measured in terms of years of life and health lost, there
has been no convergence in this area, resulting in a decrease in the average differences between
countries as the worse-off countries catch up with the better-off ones.

It should be emphasised that considerable progress has been made over the past decade in
assessing the economic burden of air pollution [73,74], however, estimates based on indirect costs of
disease are still subject to a high level of uncertainty. Indeed, there is still no consensus on appropriate
methods for valuing both the value of life and the cost of air pollution mortality [75]. The economic
effect of premature deaths is attempted to be assessed on the basis of, for example, the value of
statistical life expectancy (VSL) [76], or the effect of pollution, mortality and disease on GDP growth
rates [77]. This makes it difficult to objectively value the persistent inequalities in the health burden
of air pollution between countries, as well as making it difficult to set public and environmental
health priorities.

5. Conclusions

The economic cost of the health burden of air pollution varies significantly depending on the
valuation methods adopted. In this study, the health burden was shown to be unevenly distributed
globally, and correlated to a greater extent with the level of national product than with the actual
level of an area's exposure to PM2.5 concentrations. This indicates that reducing the health burden of
air pollution requires addressing two issues simultaneously, i.e.: reducing exposure to pollutants and
improving overall health conditions and healthcare in low-income countries. The results did not
positively verify the assumption of an ongoing process of positive convergence in the global burden
of health consequences of air pollution. Despite the observed decline in the average values of the air
pollution burden measured by the number of years of life and health lost over the period 1990-2019,
a reduction in the average differences between countries was not achieved as countries with a worse
situation (higher burden) caught up with countries with better performance.

By focusing the analysis on the working-age population, it was possible to simultaneously gain
perspective on the so-called indirect costs of air pollution-related disease resulting from lost economic
productivity. In the case of low-income economies, this reveals an existing mechanism for amplifying
negative environmental effects, as even relatively minor increases in risk factors have serious health
effects. At the same time, the results obtained go beyond the environmental aspect by presenting
quantifiable possibilities for estimating the economic costs of air pollution in individual countries,
taking into account the costs of lost economic productivity. The development of a counterfactual
scenario involving the reduction or elimination of a risk factor in a given area is important in this
case.

Data Availability Statement: Global Burden of Disease Collaborative Network. Global Burden of Disease Study
2019 (GBD 2019) Results. Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2020.
Available from https://vizhub.healthdata.org/gbd-results/; Global Burden of Disease Collaborative Network.
Global Burden of Disease Study 2019 (GBD 2019) Air Pollution Exposure Estimates 1990-2019. Seattle, United
States of America: Institute for Health Metrics and Evaluation (IHME), 2021; Global Burden of Disease Health
Financing Collaborator Network produced estimates for Gross Domestic Product (GDP) from 1960-2050.
Estimates are reported as GDP per person in constant 2021 purchasing-power parity-adjusted (PPP) dollars.
https://ghdx.healthdata.org/record/ihme-data/global-gdp-per-capita-1960-2050-fgh-2021.
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