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Background: Air pollution is one of the biggest problems in societies today. The
intensity of indoor and outdoor air pollutants and the urbanization rate can cause
or trigger many di�erent diseases, especially lung cancer. In this context, this
study’s aim is to reveal the e�ects of the indoor and outdoor air pollutants, and
urbanization rate on the lung cancer cases.

Methods: Panel data analysis method is applied in this study. The research
includes the period between 1990 and 2019 as a time series and the data type of
the variables is annual. The dependent variable in the research model is lung
cancer cases per 100,000 people. The independent variables are the level of
outdoor air pollution, air pollution level indoor environment and urbanization
rate of countries.

Results: In the modeling developed for the developed country group, it is seen
that the variable with the highest level of e�ect on lung cancer is the outdoor air
pollution level.

Conclusions: In parallel with the development of countries, it has been
determined that the increase in industrial production wastes, in other words,
worsening the air quality, may potentially cause an increase in lung cancer cases.
Indoor air quality is also essential for human health; negative changes in this
variable may negatively impact individuals’ health, especially lung cancer.

KEYWORDS

lung cancer, air pollution, public health, Driscoll-Kraay standard error approach, panel

data analysis

1 Introduction

Environmental Protection Agency (EPA) defines the air pollution as “the presence of

pollutants in the air in such a way as to adversely affect human health or cause other

harmful environmental effects” (1). Air pollution is one of the world’s leading health

risks. Air pollution ranks fourth in terms of fatal health risks, after metabolic risks,

nutritional risks, and smoking (2). The first air pollution records were found in Egypt in
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the twelfth century. With industrialization in the eighteenth and

nineteenth centuries, air pollution entered the global agenda, and

in the twentieth century, the factors that caused air pollution

were identified (3). Population growth, urban expansion, traffic

intensification, and industrial development all contribute to an

increase in air pollution, and it is believed that the effects of the

content of inhaled air are increasing. In addition, traffic, transport,

industry, and heating pollutants are also significant contributors

to air pollution (4). For example, in 1931, it is known that 9 days

of fog in the Manchester and Salford regions of England, where

industry is dense, caused 592 deaths (5). Air pollution, one of the

major problems of the last century, causes many health problems.

Meeting the growing demand for energy from fossil fuels such as oil

and coal due to industrialization and motor vehicles are just some

of the leading causes of increasing pollution (6, 7).

According to the World Health Organization’s 2019 data,

cardiovascular diseases, cancer, and respiratory diseases are the

leading causes of death worldwide (8). It is known that the

development of lung cancer increases with both the direct effect

and the chronic inflammatory effect of carcinogens contained in

air pollution (6). For example, a study of 500,000 adults in the

USA found that an increase of 10 µm/m3 in PM-2.5 concentration

increased the incidence of lung cancer by 14% (9). Air pollution

is also known to increase the risk of developing lung cancer

by 20–30%, according to the results of many cohort and case-

control studies (10, 11). Air pollution (indoor and outdoor air

pollution) is among the leading risks of premature mortality (8,

12). 7.8% of deaths are attributed to outdoor air pollution (13)

and 4.1% to indoor air pollution (14). Indoor air pollution is

caused by households burning solid fuel sources such as firewood,

crop waste, and fertilizers for cooking and heating. Outdoor air

pollution consists of a mixture of pollutants from diverse sources

such as transportation, wind-blown dust, burning of biomass,

industrial sources, and coal for household energy, and it is generally

expressed with the term of “particulate matter”. The World Health

Organization states indoor air pollution is “the world’s greatest

environmental health risk” (15, 16). On the other hand, outdoor air

pollution is one of the world’s most significant health risk factors

caused by air pollutants from industrial waste.

Cancer is the second most important cause of death. Lung

cancer is one of the most common types of cancer (15, 16). There

are many studies on the relationship between air pollution and

lung cancer (17, 18). Information shows that air pollution increases

lung cancer in Europe (19). In addition to studies suggesting that

a large proportion of lung cancer is tobacco-related, the causes

of lung cancer cannot be evaluated only in a narrow framework,

such as tobacco use or air pollution (19–21). Field and Withers

discussed the causes of lung cancer as radiation, chemicals and

mixtures, occupations, metals, dust and fibers, personal habits,

and other exposures. Tobacco use is one of the factors within the

scope of personal habits and other exposures. Many factors, such

as air polluted by coal and domestic fuel, exhaust gas, soot in the

air, sulfur mustard, radiation, carcinogenic metals to which the

respiratory system is exposed, occupations that require exposure

to carcinogenic substances, all forms of asbestos can be counted

among the causes of lung cancer (22–24). When we look at the

causes of lung cancer mentioned above, it is seen that these factors

are environmental factors that indicate that they are present in

the air more than the required rates and that air pollution is

intense. It is a known fact that these factors are related to countries’

development and urbanization rates. The incidence of lung cancer

varies between regions (13, 14, 23, 24).

In this context, this study examined the effects of air pollution

and urbanization rate on lung cancer. The study’s aim was to

find out the effects of indoor air pollution, outdoor air pollution,

and urbanization rate on the lung cancer cases in middle and

high-income countries.

The study is expected to raise awareness of environmental

and public health policies, particularly among policymakers in

developed and developing countries with high-income levels and

high levels of urbanization. When the studies in the literature

on the subject are analyzed, it is seen that many of the studies

are cohort-type and ecological studies, and these studies were

use simple correlation and regression analyzes. But it will be

yielding spurious regression to analyze data with time series by

simple linear regression. On the other hand, if data have both

time and unit dimensions, which means panel data, standard

regression analyze will not be enough to get robust evidence about

the problem even if the direction of the relationship is correctly

revealed. In standard regression and correlation analyses used in

most of the studies about the relationship between lung cancer

and air pollution, unobserved effects are included in the error

term. But data with both time series and cross section should be

analyzed with an appropriate analysis that takes into account both

the characteristics of the unit and the differences between units.

Although the relationship between air pollution and lung cancer

is a much-studied subject, it is seen that the number of studies that

take these factors into consideration is limited. Therefore, the main

motivation behind this study is to provide more robust evidence

about the relationship between lung cancer and air pollution. On

the other hand, another difference of this research from the others

is that it is more comprehensive and deals with the issue at the

macro level. Therefore, this study will be able to provide more

important evidence for generalization. In addition, since the data

set of the research has a time series and cross-sectional dimension,

the method used in the research contributes to obtaining more

robust evidence. One of the most important outputs of the research

is to develop a macro perspective on the relationship between air

pollution and lung cancer, which is one of the diseases that directly

affect the health level and health expenditure amounts of the

society. By determining the effect of air quality on different diseases,

especially lung cancer, policies can be developed to limit outdoor

and indoor air pollutant particles. Finally, since this research reveals

the direct effect of air quality on human health, especially cancer, it

contributes to raising awareness as well as providing information to

the society.

2 Literature review

Cohen and Pope analyzed various studies investigating the

relationship between lung cancer and air pollution (25). They

focused on case-control and cohort studies, including three

prospective cohort studies, which examined the relationship
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between lung cancer and air pollution in terms of urban and rural

populations, reviewed for occupational groups, and read between

populations. They also investigated the ambient air pollution-lung

cancer effect of the relative risks of various types of exposure

to combustion-derived pollutants. They found that combustion-

derived air pollution contributes to the occurrence of lung cancer in

the general population. They stated that these results are consistent

with studies on people exposed to combustion-induced pollution,

such as occupational exposure and exposure to environmental

tobacco smoke.

Raaschou-Nielsen et al. aimed to evaluate the association

between long-term exposure to ambient air pollution and lung

cancer incidence in European populations. In this prospective

analysis of data from the European Cohort Study on the Effects

of Air Pollution, they used 17 cohort studies conducted in

nine European countries (16). As a result of this extensive

study, they found an association between exposure to particulate

matter air pollution and the incidence of lung cancer, especially

adenocarcinoma, in Europe.

Tseng et al. investigated the effects of tobacco use and

changes in particulate matter levels on lung cancer between

Northern Taiwan and Southern Taiwan in Taiwan (19). They

analyzed 371,084 patients with lung cancer to assess the

prevalence of smoking and correlations between the incidence of

adenocarcinoma lung cancer (AdLC) and non-AdLC lung cancer.

As a result of the study, they found that more than half of

the patients with lung cancer had never smoked and stated that

changes in air pollution levels affected the incidence of AdLC and

patient survival.

Hu et al. examined the relationship between breast and cervical

cancer prevalence in Chinese women and air pollution with panel

data analysis (26). They used data from 31 provinces and cities

between 2006 and 2015. As a result of the study, they found that the

relationship between soot and dust emissions and the prevalence of

breast or cervical cancer from 2006 to 2015 was not linear. They also

stated that there was an invertedU-shaped relationship between the

prevalence of breast cancer and cervical cancer and air pollutants

between 2006 and 2015.

Pang et al. investigated the spatial, moderating, and equal

effects of green areas on lung cancer incidence in air pollution

using 3-year lung cancer data from 228 provinces in China (27).

Using spatial econometric and threshold models, they found that

green spaces reduce the incidence of lung cancer in both local

and neighboring provinces. They also stated that when exceeding

a certain threshold, there is a reduction in the harmful effect

of air pollution on lung cancer incidence in areas with more

green areas.

In their experimental toxicology studies, Nesnow and Lewtas

documented the mutagenic and carcinogenic properties of

combustion-induced air pollution, such as diesel exhaust, which is

ubiquitous in urban and motorway environments (28). In addition,

Huang et al. found that exposure to green space is protective

against lung cancer, and Kayyal-Tarabeia et al. found a beneficial

correlation between more green space in dwellings and lower

incidence of lung cancer in their study with 144,427 participants

(29, 30). Similarly, Zhu et al. examined the relationship between

tuberculosis and air pollution, Kasdagli et al. and Crouse et al.

examined the relationship between cardiovascular mortality and air

pollution (31, 32).

3 Materials and methods

3.1 Purpose of the study

Air pollution is one of the biggest problems in societies

today. The factors causing air pollution are divided into two

as internal pollutants caused by domestic wastes and external

pollutants caused by different sources like transportation, wind-

blown dust, burning of biomass, industrial sources, and coal for

household energy. In this study, indoor and outdoor air pollution

levels are defined as the annual average concentration of fine

suspended particles <2.5 microns in diameter due to pollutants in

the indoor and outdoor environment. On the other hand, the rate of

urbanization is an indicator that has a very close relationship with

air pollution. The intensity of indoor and outdoor air pollutants and

the urbanization rate can cause or trigger many different diseases,

especially lung cancer. In this context, this study aims to examine

the effect of indoor and outdoor air pollutants and urbanization

rates on lung cancer cases.

3.1.1 Universe and sample of the study
While determining the population of the research, the World

Bank’s classification of countries according to their income status

was taken into consideration. The research population consists

of high and middle-income group countries. In the middle-

income group, data from 25 countries were accessed, and there

are 725 observation values in the model produced. In the high-

income group, data from 38 countries were obtained, with 1,102

observation values in total. Low-income countries could not be

included in the study due to inaccessibility of the data.

3.2 Model and data

To be able to generalize the results of the research as

much as possible, all countries for which data are available are

included in the analysis. A single dependent variable was used

in the models developed for both country groups, while three

independent variables were used. The lung cancer cases per 100,000

people is included as the dependent variable in the model. The

independent variables are the level of outdoor air pollution, the

level of indoor air pollution, and the rate of urbanization in the

countries. Econometric models will be developed for the effect of

the independent variables used within the scope of the research

on lung cancer incidence. For both models produced, the period

between 1990 and 2019 is taken as the time series dimension of the

study, and the data type of variables is annual. Panel data analyses

include both cross-sectional and time series in their structure. It

is known that some problems may be encountered when different

variables with a particular time dimension come together. These

problems are multicollinearity, autocorrelation, horizontal cross-

section dependence problems, and changing variance problems.
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TABLE 1 Variables and abbreviations.

Variables Abbreviated symbol

Lung cancer cases per 100,000 people Lung cancer

Urbanization rate Urban

Outdoor air pollution level Outdoor

Indoor air pollution level Indoor

After defining the variables and creating the equation, a detailed

examination was made to determine whether these problems exist.

Data on the variables of the countries selected within the scope of

the research were obtained from The Organization for Economic

Co-operation and Development (OECD) database. The variables to

be used in both models are shown in Table 1.

As part of the research, an econometric model was developed

for each income group of the countries. The models planned to be

created within the scope of the research are given below.

Model 1 (Middle-Income Countries):

1LNCancerit = C +
∑pi

j=1 λij 1LNUrbani,t−j +

∑qi
j=0 δij 1LNOutdoori,t−j +

∑qi
j=0 ϕij 1LNIndoori,t−j + εit

Model 2 (High-Income Countries):

1LNCancerit = C +
∑pi

j=1 λij 1LNUrbani,t−j +

∑qi
j=0 δij 1LNOutdoori,t−j +

∑qi
j=0 ϕij 1LNIndoori,t−j + εit

Abbreviations included in the equation developed for both country

groups: cancer; Lung Cancer Cases per 100,000 people, urban;

Urbanization Rate, Outdoor; Outdoor Air Pollution Level, Indoor;

Indoor Air Pollution Level definable. The dependent variable is on

the left sides of the equations. On the right side of the equations,

“c” is included as the constant term, “ε” as the error term, “i” as

the unit number in panel, “t” as time, “1” as the first differencing

operator, and “L” as the natural logarithm of series. When doing

panel data modeling, exact estimation of the dependent variable

is not possible as there are many factors affecting the dependent

variable. However, the effects the other possible variables affecting

it is contained within the error term.

4 Results

Within the scope of the research, tests regarding the horizontal

cross-sectional dependence of the variables or series should be

applied before applying the unit root test. Accordingly, Breusch-

Pagan CDLM1 and Pesaran CDLM2 and CDLM tests were used

to test the variables. In the Table 2, horizontal cross-section

dependence tests were applied to the variables. The results of unit

root test about whether the series are stationary or not are shown in

the Table 3.

In line with the test results obtained, appropriate panel unit root

tests were applied. The null hypothesis H0, which states that there

is not horizontal cross-section dependence in the series, is rejected.

That is, words, the series have cross-sectional dependence. After T
A
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TABLE 3 CADF panel unit root test.

Models Variables t-bar Cv10 Cv5 Cv1 Z(t-bar) P

t-bar test, N, T = (25, 30) Obs = 650 Augmented by 2 lags (average)

Model 1. Middle income group

countries

Lung cancer −2.567 −2.070 −2.150 −2.300 −4.169 <0.001

Urban −2.135 −2.070 −2.150 −2.300 −1.962 0.025

Outdoor −2.966 −2.070 −2.150 −2.300 −6.203 <0.001

Indoor −1.805 −2.070 −2.150 −2.300 −2.283 0.389

t–bar test, N, T = (38, 29) Obs = 1,064 Augmented by 1 lags (average)

Model 2. High income group

countries

Lung cancer −3.105 −2.040 −2.110 −2.230 −8.548 <0.001

Urban −2.013 −2.040 −2.110 −2.230 −1.606 0.054

Outdoor −3.256 −2.040 −2.110 −2.230 −9.508 <0.001

Indoor −3.256 −2.040 −2.210 −2.230 −9.508 <0.001

TABLE 4 VIF values of the variables.

Model 1 (middle income group lung cancer) Model 2 (high income group lung cancer)

Variables R
2 VIF value R

2 VIF value

Lung cancer 0.26 1.35 0.17 1.20

Urban 0.59 2.43 0.41 1.69

Outdoor 0.34 1.51 0.29 1.40

Indoor 0.29 1.40 0.23 1.29

this part of the research, secondary unit root tests that consider

horizontal cross-section dependence will be applied.

Since the t-bar (CADF) statistic is more significant in absolute

value than the given critical value at the 10% (cv10), 5%

(Lcv5), and 1% (cv1) confidence levels, the series are stationary,

except for Indoor Air Pollution variable (Table 3). Model 2 high-

income group Urbanization variable is standing at 10% level.

After determining the stationarity status of the variables, the

model to be developed will be examined to determine whether it

meets the basic assumptions of panel data. The first assumption

to be examined within the basic assumptions is to determine

whether there are any variables in the model that could lead

to multicollinearity.

Multicollinearity Problem: These models must meet certain

assumptions to obtain accurate results from the models developed

within the scope of panel data. Models without meeting the

fundamental assumptions are prone to errors and may yield

inaccurate findings. Therefore, in the first stage, it should be

tested whether there are variables that may cause multicollinearity

problems. If amodel hasmulticollinearity, the predictor coefficients

may be miscalculated, as stated by Gujarati (33). Detecting this

problem and not using variables that are highly correlated with

each other in the same model will solve this problem. There

are different tests and methods developed to reveal the existence

of this problem. One of the most prominent of these methods

is the calculation of Variance Inflation Factor (VIF) values of

variables. The formula (1/1-R2) is used to calculate the VIF

values of each variable (34). Although there is no consensus

on acceptable VIF values and it is stated that these values

can go up to 10, it is desired that these values be as low as

5 (35).

We obtained R square values by making each variable in the

model a dependent variable and calculated VIF values with the help

of the formula stated above. As can be seen from the information

in Table 4, the most critical value of the variables is the coefficient

of 5. The VIF values of the variables of the study are <5 and these

results show us that there is no multicollinearity. Therefore, there

is no problem in continuing the analyzes with these variables. After

this stage, it should be determinedwhich estimationmethod ismost

suitable for the model. There are three basic modeling approaches

in panel data modeling. These are traditional or classical model,

random effects model and fixed effects model (36). Table 5 shows

the results of the tests related to these models.

According to the findings in the Table 5, it is understood that

the classical model is not appropriate for this model since the

model has unit effects. After this finding, The Hausman test was

applied to decide whether the approach valid for both models was

the random effects or fixed effects approach. From the results of

the Hausman test, fit was accepted that random effects approach is

valid for both models (Table 5). Then, it should be checked whether

there is autocorrelation in themodel.When developing a panel data

modeling, the models should have no autocorrelation. The models

with means that the error terms of the variables are correlated with

each other. If an autocorrelation problem is encountered in the

model, the situation should be eliminated to obtain more accurate

results. Our models were checked for autocorrelation using two
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TABLE 5 Panel data model identification tests.

Model 1 (middle income group lung cancer) Model 2 (high income group lung cancer)

Statistic value Probability value Statistic value Probability value

F-fixed effects 97.24 <0.001 11.97 <0.001

Hausman test 1.70 0.63 4.92 0.17

TABLE 6 Autocorrelation test results in models.

Tests Model 1 (middle income group lung cancer) Model 2 (high income group lung cancer)

Statistic value Probability value Statistic value Probability value

Bhargava et al. Durbin-Watson 0.52 <0.001 1.39 <0.001

Baltagi-Wu LBI 0.73 <0.001 1.43 <0.001

different tests (Durbin-Watson and Baltagi-Wu LBI). Table 6 show

the results of autocorrelation tests.

From the results in Table 6, in both types of tests, the H0

hypothesis, which states the autocorrelation coefficients were equal

to zero, was rejected. In line with the information in the literature,

when these test values are <2, it indicates an autocorrelation

problem in the models. In these developed models, the test

statistic values are considerably smaller than 2, indicating an

autocorrelation problem in the model (Table 6). After testing other

assumptions in the models, necessary robust correction tests will

be applied by taking this problem into account. Another thing to

consider is testing the existence of the heteroscedasticity problem. If

the variance of the model changes due to changes in the units in the

models, it is a sign that there is a changing variance problem. The

modified Wald test is applied to check the presence this problem

in both models. The results of the modified Wald test are shown in

Table 7.

In the modifiedWald test, the null hypothesis H0 is stated as no

changing variance, and from the result in the Table 7, H0 is rejected.

That is, both models have problem of heteroskedasticity which

requires necessary corrections to be made (Table 7). Finally, the last

assumption to be considered is determine whether the model as a

whole has the cross-sectional dependence. We used three different

tests to detect if the models have cross-section dependence. Results

of these tests are shown in Table 8.

According to the results of the three tests in Table 8, we can say

that the models have cross-section dependence problem. Finally, as

a result of all the tests we conducted to test the basic assumptions,

we see that the problems of the autocorrelation, heteroscedasticity,

and horizontal cross-sectional dependence in the model. Robust

correction estimators will be used to overcome the negative effects

of these issues in the models. The Driscoll and Kraay estimator,

which eliminates the effects of the three problems mentioned in the

robust correction estimators, will be used. Thanks to the Driscoll

and Kraay robust correction test, the models will be free from the

effects of these problems, and more robust estimator coefficients

will be achieved.

The Table 9 shows the findings of the model developed for

the middle-income countries’ group. The dependent variable is

lung cancer cases per 100,000 people. The independent variables

are outdoor air pollution level, indoor air pollution level, and

urbanization rate. The stationarity of all variables has been

examined, non-stationary series have been differenced, and their

stationary forms have been included in the model. From the F-

statistic for Model 1 (middle-income countries), we can say that the

model as a whole is significant. The R square value of 0.24 shows us

that the model has a reasonable explanation percentage.

When the effects of the independent variables on the dependent

variable in the model are analyzed, firstly, it is seen that all

variables have the increasing effect on the dependent variable. The

coefficients of these variables show us that a one percent increase of

the level of outdoor air pollution in a country will lead to a 0.28%

increase in the rate of lung cancer. The variable for the indoor air

pollution level of middle-income countries was insignificant in the

model. Increasing in the rate of urbanization in the middle-income

country group is also found to have an increasing effect on the

dependent variable. In case of a 1% increase in the urbanization

rate, it is predicted that there will be a 0.17% increase in lung

cancer cases.

Table 9 also shows the findings of the model developed on lung

cancer incidence for countries in the high-income country group.

This model also suffers from autocorrelation, heteroscedasticity,

and horizontal cross-sectional dependence problems, which are

eliminated by using Driscoll and Kraay estimator. We see that this

model is also significant at 1% significance level and has a higher R

square value than other model (R2 = 0.37).

When the findings of the independent variables are analyzed,

it is seen that all variables are positively related to the dependent

variable. In other words, it has been determined that increases in

the independent variables may also have increasing effect on the

dependent variable. In the model, all variables are significant at the

1% level. It is predicted that a 1% increase in outdoor air pollution

in developed countries (high-income group) would lead to a 0.51%

increase in lung cancer cases. In the case of a 1% increase in indoor

air pollution rate, it is estimated that there will be a 0.37% increase

in the rate of lung cancer cases. In the case of a 1% increase in

the rate of urbanization, it is predicted that there may be a 0.06%

increase in lung cancer cases.

5 Discussion

In this study, the effects the variables of indoor air pollution,

outdoor air pollution, and urbanization rate on the dependent
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TABLE 7 Variance heteroskedasticity.

Test Model 1 (middle income group lung cancer) Model 2 (high income group lung cancer)

Chi2 Probability value Chi2 Probability value

Modified Wald test 4,366.46 <0.001 8,052.11 <0.001

TABLE 8 Cross-sectional dependence test.

Tests Model 1 (middle income group lung cancer) Model 2 (high income group lung cancer)

Statistic value Probability value Statistic value Probability value

Breusch-Pagan LM 3,687.35 <0.001 1,089.57 <0.001

Pesaran Scaled LM 138.28 <0.001 277.01 <0.001

Pesaran CD 13.27 <0.001 42.85 <0.001

variable of lung cancer andwas examined. In this context, data from

25 middle-income and 38 high-income countries were obtained.

According to the results of the research, it was concluded that

increases in the independent variables of indoor air pollution,

outdoor air pollution, and urbanization rate have an increasing

effect on the dependent variable of lung cancer. In the disease

burden studies of Abbafati et al. (37) and Lim et al. (15), it was

stated that indoor air pollution is among the critical disease burden

risk factors. In addition, Field andWithers, Raaschou-Nielsen et al.,

andWang et al. reported that indoor and outdoor air pollution were

associated with lung cancer (14, 16, 20–38). In another study, Tseng

et al. concluded that air pollution increases the risk of lung cancer

in non-smokers (19). In a similar study, Raspanti et al. found that

indoor air pollution increases lung cancer in individuals who have

never smoked (23). Xie et al. reported that air pollution increases

women’s risk of lung cancer (39).

In this study, in middle-income countries, a 1% increase in

outdoor air pollution increases the risk of lung cancer by 0.28%, and

a 1% increase in urbanization rate increases the risk of lung cancer

by 0.17%. On the other hand, the relationship between indoor air

pollution and lung cancer was found to be insignificant in the

model. According to themodel, in upper-income group countries, a

1% increase in indoor air pollution increases the risk of lung cancer

by 0.37%, a 1% increase in outdoor air pollution increases the risk

of lung cancer by 0.51%, and a 1% increase in urbanization rate

increases the risk of lung cancer by 0.06%. It is seen that the results

obtained are in parallel with the literature.

A comprehensive prospective cohort study conducted by Liang

et al. on 367,623 individuals based on UK Biobank participants

concluded that exposure to air pollution causes an increased risk of

lung cancer (40). Lee et al. conducted a study on patients diagnosed

with lung cancer in Taiwan (41). They found that inhalation of fine

particles containing heavy metals in polluted air or exposure to

polluted air affects both lung cancer formation and mortality. Liu

et al. investigated the long-term relationship between air pollution

and lung cancer incidence in a study of 186,860 older adults

aged 65 years and over diagnosed with lung cancer living in the

United States between 2001 and 2016. In the study, long-term

exposure to air pollutants (delicate particulate matter, nitrogen

dioxide, and particle radioactivity) was significantly associated with

lung cancer (42). Xue et al. revealed that outdoor and indoor air

pollution affect lung cancer differently. It has been emphasized that

workers exposed to particulate matter, asbestos, polycyclic aromatic

hydrocarbons, and toxic metals in the environment resulting from

industrial and vehicle exhausts as outdoor air pollution are more

likely to develop lung cancer (43). It has been stated that indoor

air pollution, cooking fumes, passive smoking, and radioactive

products resulting from home decoration materials play a role in

the development of lung cancer.

In a study conducted by Riaz et al. in England, it was reported

that the incidence of lung cancer was higher in urban areas than

in rural areas. In lung cancer survival results, it was concluded that

there was a similarity between high-income levels in both urban

and rural areas (44). In a study conducted by Guo et al. in China, it

was reported that the incidence of lung cancer was higher in urban

areas compared to rural areas. In addition, the incidence of lung

cancer in middle and high-income levels was found to be lower

than in low-income groups. In addition, it is reported that a low

education level increases the incidence of lung cancer (45).

The sample of this research includes countries in the upper-

income and middle-income groups (Table 10). The exclusion of

the low-income group is one of the limitations of the research.

The lack of data on the countries in the low-income group

caused them to be excluded from the research. Another significant

limitation of the study is the time dimension. The time dimension

of the research is 1990–2019. Another limitation of the study

is that the relevant data for periods other than the specified

dates cannot be accessed. Data are obtained from the OECD

database and are assumed to be accurate. The assumption that

the data is accurate is also a significant limitation. The last

limitation of the research is related to the variables included in

the model. Lung cancer, the dependent variable, is also affected

by other factors such as changes in smoking rates, life expectancy,

and potential genetic influences (e.g., the difference between

Caucasian and Asian populations). However, since the research

aims to investigate the relationship between air pollution and lung

cancer, other variables are not included in the modeling. In the

model, the effect level of the variables that affect the dependent

variable but are not included in the model is specified in the

fixed variable.
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TABLE 10 Countries included in the sampling scope of the research.

Group of countries in the
high income group

Group of countries in the
middle income group

Andora Albania

Antigua and Barbuda Argentina

Australia Armenia

Austria Azerbaijan

Bahamas Brazil

Bahrain Bulgaria

Barbados Cuba

Belgium Dominica

Canada Dominican Republic

Chile Ecuador

Denmark Fiji

Estonia Georgia

Finland Iraq

France Jordan

Germany Lebanon

Greece Libya

Greenland Malaysia

Hungary Mexico

Iceland Moldova

Ireland Panama

Israel Peru

Italy Romania

Latvia Serbia

Luxembourg South Africa

Malta Turkey

Netherlands

New Zealand

Norway

Poland

Portugal

Puerto Rico

Qatar

Slovenia

Spain

Sweden

Switzerland

United Kingdom

United States
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6 Conclusions and recommendations

Today, air pollution is one of the leading health risks

globally, and efforts are being made to protect against its effects.

On the other hand, urbanization, which has been increasing

continuously in recent years, poses significant health problems.

With the increase in urbanization, the increase in the time spent

indoors and the deterioration of air quality due to the dense

population cause different health problems, especially lung health

problems. Air pollution level is closely related to human health,

and deterioration in air quality triggers many diseases. In this

context, this study examines the relationship between air pollution

levels and urbanization rates of middle-income and high-income

countries and lung cancer, which is the most common cause of air

pollution. In the model developed for the middle-income group,

although the level of indoor air pollution has a high impact on

lung cancer, it is insignificant due to the analysis. It was determined

that increases in urbanization rate and outdoor air pollution levels

might lead to a rise in lung cancer cases.

On the other hand, in the modeling developed for the

developed country group, it is seen that the variable with the highest

level of effect on lung cancer is the outdoor air pollution level. In

parallel with the development of countries, it has been determined

that the increase in industrial production wastes, in other words,

worsening the air quality, may potentially cause an increase in lung

cancer cases. Indoor air quality is also essential for human health;

negative changes in this variable may negatively impact individuals’

health, especially lung cancer.

In summary, in the context of both the studies in the literature

and this research, long-term exposure to air pollution is associated

with lung cancer and increases the risk of lung cancer. States

have to take more stringent measures for the environment and

air pollution to prevent this risk. At the same time, it is the

responsibility of the state to ensure that individuals live in a

clean and safe environment by enacting and implementing various

protective laws and regulations that are more environmentally

friendly. International organizations should promote preventive

policies by creating more agenda and awareness. Air pollution is a

global environmental problem that affects not only one country or

region but the whole world. On the other hand, air pollution levels

can trigger various diseases, especially lung-related diseases. The

results can be compared by analyzing the relationship between the

indicators related to air pollution levels of countries and different

diseases. This research has a more comprehensive and macro-

level perspective on lung cancer, one of the most important health

problems of societies. On the other hand, it has been determined

that indoor air pollutants and outdoor air pollutant particles have

a direct effect on other health problems, especially lung cancer. In

this way, in addition to raising social awareness, it also contributes

to policy makers to develop preventive policies on the subject. For

future studies, studies with panel data sets that include a wider time

period or different country groups or variables such as smoking,

genetic differences and life expectancy may be recommended.
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