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Objective: The aim of this study was to investigate the relationship between the lung and bronchus cancer
incidence rate, the lung and bronchus cancer mortality rate, economic growth, health expenditures, and
environmental degradation using data from US states.

Methods: In the study, the cointegration and causality relationships among the time series data were
examined. The autoregressive distributed lag (ARDL) bounds test was used to estimate the short- and
long-term coefficients of the variables representing lung and bronchus cancer incidence bronchus and
mortality rates, economic growth, health expenditures, and environmental degradation variables. The
data used in the study cover the annual period from 1999 through 2020.

Results: According to the ARDL bounds test results, economic growth and environmental degradation
increased lung and bronchus cancer incidence mortality rates, while health expenditures reduced them.
Causality tests indicated that economic growth unidirectionally affected lung and bronchus cancer
incidence and mortality rates and environmental degradation. The results of other causality tests are
presented in the conclusion section.

Conclusion: Based on the findings, it is recommended to implement policies that reduce environmental
degradation without hindering economic growth. By implementing such policies, cancer incidence and
mortality rates may decrease, and at the same time, public welfare may increase. Policymakers should

make decisions that advance both economic and human health objectives.
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ne of the basic indicators of well-being is health. The
0 right of every individualis to live a healthylife. Countries
should design policies aimed at promoting the health
of their populations. Health is also a fundamental indicator of
a country’s development. Healthy individuals and economic
growth in a region interact with each other (1). Lung and
bronchus cancer is a disease that not only adversely affects
human health but also worsens socioeconomic inequalities.
Consequently, lung and bronchus cancer represents a significant
public health issue with implications for social development
(2). The main purpose of this study was to develop policy
recommendations aimed at improving population health. To
formulate these recommendations, new methods addressing
gaps in the literature were developed and empirically applied.
Cancer is the second leading cause of death in men and
women in the US, after heart disease. In 2020, deaths from
heart disease accounted for 20.6% of all deaths, while cancer
accounted for 17.8% (3). The highest death rate due to cancer
in both men and women is from lung and bronchus cancer.
Lung and bronchus cancer is caused by environmental and
genetic factors (4-6). Tobacco smoking is also an important
factor (7). In 2020, the rate of death from lung and bronchus
cancer was 26.8% in women and 38.0% in men. The highest
state-specific mortality rate from lung and bronchus cancer in
2020 was reported in Kentucky (50.1 per 100,000. Overall, the
most frequently diagnosed cancers in 2020 were female breast
cancer, male prostate cancer, and lung and bronchus cancer (in

both sexes) (8).

Lung and bronchus cancer is a disease that can affect people
directly or indirectly. Although it has a direct impact on human
health, it also has indirect socioeconomic effects. These effects
can vary by sex, race, and geographic region (2).

The treatment of lung and bronchus cancer can be accomplished
with combinations of surgery, chemotherapy, and radiation (9,10).
In the US, the cost of cancer treatment ranks second after heart
disease (11). Cancer expenditures in the US in 2020 were $208.9
billion, while health expenditures for lung and bronchus cancer
were $23.8 billion (12).

The aim of this study was to investigate the relationships
among lung and bronchus cancer incidence and mortality
rates, economic growth, health expenditure, and environmental
degradation across 50 US states and Washington, DC, for the
period of 1999 through 2020. Since there is a serious deficiency
in the literature on this subject, it is anticipated that the results
of this research will contribute to the existing knowledge base.
In previous studies, the effect of economic growth on cancer
incidence is mixed. In their study of 122 countries, Luzzati et
al. concluded that cancer incidence increases with economic
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growth (13). However, as a result of their empirical analysis
of 27 EU countries, Ades et al. found that economic growth
was associated with cancer incidence (14). One of the reasons
for conducting this study was to investigate whether similarly
mixed results observed in international studies might also apply
to the US. In addition, although there are limited studies in
the literature on mortality rates and economic growth (15),
research on lung and bronchus cancer mortality remains even
scarcer. Thus, this study aimed to contribute to the literature on
this subject. Additionally, the research aimed to address the gap
in the literature by conducting analyses at the state level over a
specific time period.

This study was guided by 3 primary research questions. First,
how can health expenditures drive lung and bronchus cancer
incidence rate and mortality rate? Second, what is the impact of
lung and bronchus cancer on economic growth? Third, what effect
will rising levels of environmental degradation have on lung and
bronchus cancer incidence rate and mortality rate? In line with
these questions, the study evaluated gaps in the literature on lung
and bronchus cancer incidence and mortality rates, with a view
toward proposing solutions.

With the findings obtained, the study aimed to make basic
policy recommendations for healthier generations. Another
contribution of the study to the literature was the development
of models that may serve as templates for future studies. As far as
is known, the empirical models developed have not been applied
in the US before.

The rest of the article is structured as follows: In the second part,
the data set is defined, the econometric approach is discussed, and
the methodology is explained. In the third section, empirical results
and discussion are presented. In the last section, conclusions and
policy recommendations are provided.

Data, Econometric models, and Methodology

Data

In this empirical study, data from the 50 US states and the
District of Columbia for the period 1999 through 2020 were used.
A wider range of years could not be used due to data limitations
across states. The study used the following data: New lung and
bronchus cancer incidence and mortality rates were measured
as annual rates per 100,000 people. Economic growth (gross
domestic product per capita in US$), health expenditure (per
capitain US$), and carbon dioxide (CO2) emissions (metric tons
per person) were included in the analysis. Since CO2 emissions
are one of the significant factors that can affect lung and bronchus
cancer, they were selected as being representative of environmental
degradation. Descriptive statistics are presented in Table 1.

Econometric models

One of the aims of this article was to contribute to the literature
by developing new econometric models. Three models in which
lung and bronchus cancer incidence rate, lung and bronchus
cancer mortality rate, and economic growth serve as dependent
variables are described below. A potential limitation of the
study is data variations across states. Based on a comprehensive
literature search, the econometric methods used by Ades et al.
(14) and Rasoulinezhad et al. (16) were adapted for this study.
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Table 1. Description of variables
Variable Symbol  Explanation Source
Lung and bronchus INC Annual incidence rate CDC
cancer incidence rate per 100,000 people
Lung and bronchus MOR Annual mortality rate CDC
cancer mortality rate per 100,000 people
Economic growth EG Gross domestic product BEA
per capita (current US$)
Health expenditure HE Health expenditure KFF
per capita (current US$)
Environmental CO, Carbon dioxide emissions, EIA

degradation in metric tons per person

Abbreviations: BEA, Bureau of Economic Analysis; CDC, Centers for Disease Control
and Prevention; EIA, Energy Information Administration; KFF, Kaiser Family Foundation.

The variables used in the following models are summarized in
Table 1.

MODEL 1: INC = f(EG, HE, CO,) @)
MODEL 2: MOR = f(EG, HE, C0, ) @)
MODEL 3: EG = f(INC, MOR, HE, C0, ) 3)

where INC, MOR, EG, HE, and CO2 denote lung and bronchus
cancer incidence rate, lung and bronchus cancer mortality rate,
economic growth, health expenditure, and CO2 emissions,
respectively. The econometric representations of Models 1, 2,
and 3 are given below:

MODEL 1: INC,, = 6, + 60, EGyy + 0,HE;, + 05C05, + & (4)
MODEL 2: MOR;, = 0y + 0,EGy; + 02HE; + 03044 + & (5)

MODEL 3: EG;, = 6, + 6,INC;, + 6,MOR;, + B5HE;, + 6,C04; + &, (6)

wheret=1999, ...,2020;i=1, ..., 51 (which includes Washington,
DC) represents the cross-section of US states, and et represents
the error term. The variables were log-transformed before being
included in the model.

In the US, lung and bronchus cancer is associated with high
incidence and mortality rates, ranking them second and third,
respectively, among all cancers (8). Lung and bronchus cancer, a
significant health problem in the US, and the damage it causes to
the economy is not widely discussed in the literature. The effect
of economic growth, one of the indicators of prosperity, on cancer
(including lung and bronchus cancer) is a controversial issue.
While some studies state that economic growth has an effect on
reducing cancer (14), others claim the opposite (13).Itis thought
that researching the effect of economic growth on cancer will
contribute to the literature.

With economic development, factors that increase lung and
bronchus cancer may also emerge; environmental degradation
is one of them. In particular, increasing CO2 emissions may raise
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lung and bronchus cancer incidence and mortality rates (13).
Therefore, including CO2 emissions in the empirical model and
analyzing them with econometric methods may reveal the effect
of air pollution on lung and bronchus cancer. This approach can
help policymakers make more informed decisions regarding
lung and bronchus cancer prevention. Health expenditures can
have many positive effects on disease outcomes, including those
associated with lung and bronchus cancer. One of these is reducing
incidence and mortality rates (14). Analyzing the impact of
health expenditures across the 50 US states and Washington, DC,
provides insight into their effects on lung and bronchus cancer
incidence and mortality rates. In this way, people’s well-being will
improve, and the way will be paved for them to live healthier lives.

Methods

First, in the empirical analysis, the cross-sectional dependencies
of the variables were determined. For this, the Breusch-Pagan
Lagrange multiplier (LM) test (17), the Pesaran scaled LM test
(18), and the Pesaran cross-sectional dependence test (19), which
last estimates cross-sectional dependence, were used. The null
hypothesis of these tests is There is no cross-sectional dependence,
and the alternative hypothesis is There is cross-sectional dependence.

Unit-Root tests

To determine the cointegration relationship between the
variables, the stationarity of the variables is first assessed. For this
purpose, first-generation panel unit-root tests (19) and the Fisher-
Augmented Dickey—Fuller test modified by Maddala and Wu
(20) were used. The panel unit-root test (21), one of the second-
generation panel unit-root tests, was used. The aim was to ensure
consistency in the results by using first- and second-generation
panel unit-root tests together, thereby increasing the reliability of
the cointegration and causality tests. The null hypothesis of these
tests is The variable has a unit root, and the alternative hypothesis
is The variable is stationary.

Cointegration tests

To estimate the long- and short-term coefficients of the variables,
it is first necessary to determine their cointegration relationship.
Accordingly, the Kao (22) and Banerjee and Carrion-i-Silvestre
(23) panel cointegration tests were used in the study. The null
hypothesis of these tests is There is no cointegration between the
variables, and the alternative hypothesis is There is cointegration
between the variables. Once cointegration between the variables is
determined, the short- and long-term coefficients of the variables
can be estimated.

The short- and long-term coefficients of the variables were
estimated with the panel pooled mean group (PMG) estimate
developed by Pesaran et al. (24). The PMG test provides
homogeneouslong-term coefficients and also allows for short-term
dynamics. Below is the adaptation of the PMG test (autoregressive
distributed lag [ARDL] limit test) to our updated models:

Model 1:

AInINCy = ag + X7, @y AINC; g + X apAEGy + X%, a5 AHE;y +

Yt @4iACO ¢y + 81INCie_y + 82EG; ey + O3HE; 1 +6,C04p 4 + & (7)
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Model 2:

AIMMOR;, = ag + X%, ay;AMOR;,_y + X%y apAEG;,y + X, ag;AHE;,, +

Xt @4iACOG ey + 6 ;MOR;_y + 82EG; ey + O3HE; 1 +6,C04i0 1 + & (8)
Model 3:

AIEG; = ag + X%, ay;AEG; ey + X%y apAINCy ey + X% ag;AMOR; 4 +
Yt @y AHE; o + X agiACOg;ey + 8,EGiey + 8,INCypy + 63MOR;, 1 +

O4HE; ;1 +85C05;, 1 + & (9)

where t = 1999, ..., 2020; i = 1, ..., 51. INC, MOR, EG, HE,
and COz2 denote lung and bronchus cancer incidence rate, lung
and bronchus cancer mortality rate, economic growth, health
expenditure, and CO2 emissions, respectively.

Causality test

Causal relationships between variables were evaluated using
the Dumitrescu—Hurlin test (25). The Dumitrescu—Hurlin panel
causality test is based on the simple average of Wald statistics:

1
Wyre =5 Xz Wr (10)
where W, denotes the Wald test statistic used to estimate Granger
causality in the cross-section.
To obtain a standardized statistic, the following transformation

is applied:
ZFHnc _ W[WIG{;‘lC_Zg\I:lE(Wi,T)]

Iyr =
’Z?;l Var(Wir)

where T>6+2K. The corresponding mean and variance are defined

(11)

as follows:
=N A _ (T-2K-1)
E(Wir) = N7 D E(Wir) = K X (i—3 (12)
Var(Wr) = N"USN, Var(W, ) = 2K x L26o0K9) (g

(T-2K—-3)2%(T-2K-5)

5H
The statistic Z8.T also yields good results when the number of
cross-sectionsis small. When the cross-sections have heterogeneous
lag lengths, the following test statistic is used (26):

VN[WHEC-N"1ZN  E(W;7)]

Zan —
JN-l N varWir)

NT =

(14)

Results

In this part of the study, the results and discussion of the
empirical analysis are given. The empirical analyses began by
determining the cross-sectional dependencies among the variables.
In this way, it was determined whether a shock occurring in one
state affected other states.

Table 2 displays the results of the cross-sectional dependence
tests. These results show that the null hypothesis was rejected for
all variables at the 1% significance level. Thus, it was determined
that there was cross-sectional dependence in the variables. The
cross-sectional dependence in the variables was determined, and
the first- and second-generation unit-root test results are presented
below.
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Table 2. Outcomes of Cross-Sectional dependence analysis Table 4. Outcomes of cointegration analysis
Dependent Dependent Dependent
Breusch-Pagan LM Pesaran scaled LM Pesaran CD Panel cointegration test variable: INC  variable: MOR  variable: EG
Statistic Statistic Statistic Statistic Statistic Statistic
INC 6763.176* 108.682* 47.092* Kao (1999) 6.910* 2.949* -7.303*
MOR  11212.080% 196.783* 21.477* Banerjee and
EG 25606.730* 481.840* 159.771* Carrion-i-Silvestre (2017)  -3.460** -3.384%* -2.483%*
HE 27830.270* 525.872* 166.823* "
*P<.01;**.01 < P<.05. Critical values at 5% and 10% are -2.22 and -2.14 for the Kao
C02 18512.280* 341.348* 127.658* (22) and the Banerjee and Carrion-i-Silvestre (23) panel cointegration tests, respectively.

Abbreviations: CD, cross-sectional dependence; LM, Lagrange multiplier.
*P<.01.

Table 3 presents the results of the panel unit-root tests, which
were conducted to determine the stationarity of the variables. The
findings indicate that the null hypotheses at the level or at the first
difference of the variables were rejected. Thus, the prerequisite for
the ARDL bounds test was met, since the variables were stationary
atlevel or at the first difference.

Table 3. Outcomes of panel Unit-Root analysis

Level First-Difference
Statistic Statistic
Im, Pesaran, Shin
INC -0.026 -11.798*
MOR 4.861 -15.972*
EG -1.789** -9.080*
HE 0.625 -3.990*
CO2 10.193 -15.284*
ADF-Fisher chi-square
INC 122.035 346.249*
MOR 73.554 440.744%
EG 124.822 262.196*
HE 86.771 (IS8 8y
CO2 25.999 422 473%
Pesaran (2007)
INC -3.066*
MOR -1.872 -3.575%
EG -1.453 -2.612*
HE -2.005 -3.256*
CO2 -2.328* -

Long- and short-term coefficient estimates are given in Table S.
According to empirical results obtained using the ARDL limit test,
EG and CO2 positively and significantly affected lung and bronchus
cancer incidence and mortality rates. Air pollution was seen to be
one of the main causes of lung and bronchus cancer. Consequently,
lung and bronchus cancer incidence and mortality rates were seen
to have increased with rising air pollution levels. These findings
are consistent with the previous literature (13). Conversely,
health expenditures had a negative and significant impact on lung
and bronchus cancer incidence and mortality rates. This result is
consistent with the findings of Doshmangir et al. (27). An increase
in health expenditures generally contributed to facilitating access
to health services and improving disease screening and diagnostic
and treatment processes. Thus, increased health expenditures may
have had a significant impact on preventing many diseases (28).

The incidence of lung and bronchus cancer—or indeed of any
disease—can undermine economic performance by increasing
healthcare expenditures and reducing productivity. Evidence
suggests that well-targeted health expenditures—particularly those
that emphasize prevention and early intervention—can mitigate
these economic burdens and support overall development (29).

Abbreviation: ADF, Augmented Dickey-Fuller test
*P <.01; **.01 < P < .05. For the Fisher-Augmented Dickey-Fuller test modified by
Maddala and Wu (20), the critical values at 1% and 5% are -2.25 and -2.11, respectively.

Table 4 presents the test results of the Kao panel cointegration
test and the Banerjee and Carrion-i- Silvestre panel cointegration
test. The null hypothesis was rejected at the 1% significance level
in all 3 models, indicating the presence of cointegration. After
confirming that the variables would move together in the long
term, the long- and short-term coefficients were estimated.
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Table 5. Outcomes of panel ARDL estimates

Variable Dependent Dependent Dependent
Variable: INC Variable: MOR Variable: EG
Long-run coefficient
EG 0.245* 0.715*
INC -0.061*
MOR -0.048
HE -0.089* -0.397* 0.790*
CO2 0.168* 0.171%* 0.236*
Short-run coefficient
ECT -0.570* -0.178* -0.138*
AEG 0.273* 0.392
AINC 0.112*
AMOR 0.001
AHE -0.195 -0.630 0.210%*
ACO2 0.097*** -0.514*** 0.195*
Constant 1.068* -0.140%** 0.507*

Abbreviations: ARDL, autoregressive distributed lag; ECT, error correction term.
*P<.01; **.01 < P<.05; ***.05 < P<.10.
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Factors associated with higher CO2 emissions are also linked
to increased economic growth, which aligns with the finding of
Govdeli (30). The question of whether to prioritize economic
growth, which is an indicator of prosperity, or a cleaner
environment, should be among the key policy considerations of
nations. While economic growth increases welfare, environmental
pollution reduces welfare. In order to overcome this dilemma, it is
recommended to develop and implement policies that promote
environmentally sustainable economic growth. Figure 1 shows
the signs of the estimated long-term cointegration coefficients
for models 1, 2, and 3.

Figure 1. Long-run cointegration estimator coefficient signs

MODEL 1
(+) (-)

“

MODEL 2
(+) ()

Table 6 presents the results of the Dumitrescu~Hurlin causality
test (25). According to the results, economic growth caused
changes in lung and bronchus cancer incidence and mortality rates.
As economic activities increased, the incidence and mortality of
lung and bronchus cancer also increased. The underlying fact is that
economic growth contributes to environmental degradation (31).

Govdeli

Additionally, there was a unidirectional causal relationship from
economic growth to CO2 emissions. This finding is consistent with
the results of Gévdeli (32). Increasing economic growth without
adequate attention to environmental impacts may exacerbate
environmental degradation. Another finding is that there was a
unidirectional causal relationship from health expenditure to lung
and bronchus cancer incidence rate. In addition, bidirectional
causal relationships were found between economic growth and
health expenditure; between lung and bronchus cancer mortality
rate and health expenditure; between lung and bronchus cancer
mortality rate and COz emissions; between lung and bronchus
cancer incidence rate and CO2 emissions; and between health
expenditure and CO:z emissions. These findings are similar to the
results of Narcisse et al. (33).

In line with these findings, it is recommended to introduce
measures that reduce environmental degradation without
compromising economic growth. By doing so, cancer incidence
and mortality can be reduced while at the same time enhancing
population welfare.

Table 6. Outcomes of panel causality analysis

W-Statistic Z-Statistic
EG » INC 2.934%* 7.345
INC - EG 0.962 -0.669
EG + MOR 11.887* 43.716
MOR - EG 1.240 0.460
EG - HE 4.220% 12.574
HE » EG 2.362* 5.018
EG - CO2 6.362* 21.271
CO2 5 EG 0.994 -0.537
INC - HE 1.498 1.509
HE » INC 3.254* 8.645
MOR - HE 3.362* 9.081
HE - MOR 8.201* 28.740
MOR + CO2 3.783* 10.792
€Oz -+ MOR 7.488% 25.846
INC + CO2 2.032% 3.679
CO2+ INC 2.083* 3.886
HE - CO2 5.589* 18.186
CO2-» HE 2.472% 5.487
*.01<P<.05.
Conclusion

In this study, the relationships among the incidence and
mortality rates of new cases of lung and bronchus cancer, economic
growth, health expenditures, and environmental degradation
were examined using the annual data from the 50 US states and
Washington, DC (1999-2020). A cointegration relationship
was found between the variables. According to the causality
analysis, economic growth statistically predicted changes in lung
and bronchus cancer incidence and mortality rates. In addition,
bidirectional causal relationships were found between economic
growth and health expenditure; between lung and bronchus cancer
mortality rate and health expenditure; between lung and bronchus
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cancer mortality rate and environmental degradation; between
lung and bronchus cancer incidence rate and environmental
degradation; and between health expenditure and environmental
degradation.

An increase in the lung and bronchus cancer incidence rate
may have a negative effect on economic growth. Using financial
resources for lung and bronchus cancer treatments rather than in
areas that will increase development may negatively affect the US
economy. Instead, it is reccommended that health expenditures be
made more for preventive purposes than for treatment. By doing
so, diseases can be prevented to some extent, and resources can be
used in growth-enhancing areas. In addition, preventing disease
can increase a population’s standard of living and welfare.

Effective health policies require the careful planning of
health expenditures and allocation of resources, taking into
account disease prevalence and community needs. In addition,
providing access to health services and health education as well as
strengthening preventive measures might also significantly affect
incidence rates and mortality rates.

Another strategy that can reduce lung and bronchus cancer
is to make people and businesses more conscious. The findings
of this study show that air pollution in particular will increase
the incidence and mortality rates of lung and bronchus cancer.
Policymakers should make people and businesses more aware
of this issue. Measures to reduce greenhouse gases emitted by
businesses should be strengthened. By providing appropriate
penalties and incentives, CO2 emissions can be reduced. Thus, lung
and bronchus cancer incidence and mortality rates can be reduced.

Economic growth is one of the indicators of societal well-being.
The rate of increase in the lung and bronchus cancer incidence rate
negatively affects economic growth. Policymakers should prioritize
policies that reduce the lung and bronchus cancer incidence rates
while implementing policies that increase economic growth.
Empirical results show that higher health expenditures are
associated with increased economic growth and lower lung and
bronchus cancer incidence and mortality rates. Increased health
expenditures generally help to improve access to health services
and enhance disease screening, diagnosis, and treatment, thereby
reducing disease incidence rates. Therefore, if policymakers
were to provide incentives and guidance for appropriate health
expenditures, the country could develop further, enabling people
to lead healthier lives.

Another factor that increases economic growth is the rise
in industrial activity-related environmental degradation. CO2
emissions released with production negatively affect human
health, though they contribute to economic. growth. CO2
emissions may contribute to increases in lung and bronchus cancer
incidence and mortality rates. Environmental degradation may
increase the risk of cancer by adversely affecting human biology.
Therefore, a cleaner environment is required to protect public
health, meaning that policymakers should implement measures
to reduce CO2 emissions. While implementing these measures,
it is recommended that care be taken not to adversely affect
economic growth. Steps should be taken to reduce the complexity
involved in maintaining the balance between economic growth and
environmental regulation. The empirical findings obtained in this
study provide a basis for making more rational decisions in public
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health and environmental policy interventions. The data obtained
in this study were limited by the year range. Further studies could

contribute to the literature by expanding the data range.

Resumen

Objetivo: El objetivo de este estudio fue investigar la relacién
entre la tasa de incidencia del cincer de pulmén y bronquios,
la tasa de mortalidad por céncer de pulmén y bronquios, el
crecimiento econdmico, el gasto sanitario y la degradaciéon
medioambiental utilizando datos de los EE. UU. Métodos: En el
estudio se revel6 la relacion de cointegracion y causalidad entre
los datos de series temporales. Se utiliz6 la prueba de limites
de rezago distribuido autorregresivo (ARDL, por sus siglas en
inglés) para estimar los coeficientes a corto y largo plazo de las
variables de incidencia y mortalidad por cincer de pulmén y
bronquios, crecimiento econémico, gasto en salud y degradacién
ambiental. Los datos utilizados en el estudio abarcan el periodo
anual 1999-2020. Resultados: Segun los resultados de la prueba
de limites ARDL, el crecimiento econdémico y la degradacion
ambiental aumentaron la tasa de incidencia y la tasa de mortalidad
por cancer de pulmon y bronquios. El gasto en salud redujo la
tasa de incidencia y la tasa de mortalidad por cdncer de pulmén
y bronquios. Segun los resultados de la prueba de causalidad,
el crecimiento econdmico fue la causa de la incidencia y la
mortalidad por cdncer de pulmén y bronquios, asi como de
la degradacién ambiental. Los resultados de otras pruebas de
causalidad se indican enla seccidon de conclusiones. Conclusion:
Como resultado de los resultados obtenidos, se recomienda
implementar politicas que reduzcan la degradacién ambiental
sin afectar el crecimiento econdmico. De esta manera, se puede
disminuir la incidencia y la mortalidad por céncer, a la vez que
se mejora el bienestar de las personas. Los responsables politicos
deben tomar decisiones que favorezcan tanto la economia como
la salud humana al desarrollar politicas.

References

1. Kaur A. Health status, government health expenditure and eco-
nomic growth nexus in India: A Toda-Yamamoto causality approach.
Arthaniti: Journal of Economic Theory and Practice. 2023;22(1):34
46. doi.org/10.1177/0976 747920963401

2. Boloker G, Wang C, Zhang J. Updated statistics of lung and bronchus
cancer in United States (2018). J Thorac Dis. 2018;10(3):1158-
1161. doi:10.21037/jtd.2018.03.15

3. National Center for Health Statistics (NCHS), National Vital Statistics
System, Mortality. Accessed September 16, 2023. https://www.
cdc.gov/nchs/nvss/deaths.htm

4. McKay JD, Hung RJ, Han Y, et al. Large-scale association analysis
identifies new lung cancer susceptibility loci and heterogeneity
in genetic susceptibility across histological subtypes. Nat Genet.
2017;49(7):1126-1132. do0i:10.1038/ng.3892

5. Lorenzo-Gonzalez M, Ruano-Ravina A, Torres-Duran M, et al. Lung
cancer risk and do-it-yourself activities. A neglected risk factor for
lung cancer. Environ Res. 2019;179(Pt B):108812. doi:10.1016/j.
envres.2019.108812

6. DengY, Zhao P, Zhou L, et al. Epidemiological trends of tracheal,
bronchus, and lung cancer at the global, regional, and national
levels: a population-based study. J Hematol Oncol. 2020;13(1):98.
Published 2020 Jul 20. doi:10.1186/513045-020-00915-0

7. Taucher E, Mykoliuk I, Lindenmann J, Smolle-Juettner FM. Implica-
tions of the Immune Landscape in COPD and Lung Cancer: Smoking




The Burden of Cancer

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

Versus Other Causes. Front Immunol. 2022;13:846605. Published
2022 Mar 21. doi:10.3389/fimmu.2022.846605

U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Vi-
sualizations Tool. U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention and National Cancer
Institute. Accessed September 11, 2023. https://www.cdc.gov/
cancer/dataviz

Wirsdorfer F, de Leve S, Jendrossek V. Combining Radiotherapy and
Immunotherapy in Lung Cancer: Can We Expect Limitations Due to
Altered Normal Tissue Toxicity?. Int J Mol Sci. 2018;20(1):24. Pub-
lished 2018 Dec 21. doi:10.3390/ijms20010024

Yi Z, Zhang Y, Wang Y, et al. Association between radiotherapy and
risk of death from cardiovascular diseases in lung and bronchus
cancer. Front Cardiovasc Med. 2023;9:1068957. Published 2023
Jan 12. doi:10.3389/fcvm.2022.1068957

Chastek B, Harley C, Kallich J, Newcomer L, Paoli CJ, Teitelbaum AH.
Health care costs for patients with cancer at the end of life. J Oncol
Pract. 2012;8(6):75s-80s. d0i:10.1200/J0P.2011.000469
National Cancer Institute. Financial Burden of Cancer Care. Cancer
Trends Progress Report. Accessed September 16, 2023. https://
progressreport.cancer.gov/after/economic_burden

Luzzati T, Parenti A, Rughi T. Economic growth and cancer incidence.
Ecol Econ. 2018;146:381 396. doi:10.1016/j.ecolecon.2017.11.031
Ades F, Senterre C, de Azambuja E, et al. Discrepancies in cancer inci-
dence and mortality and its relationship to health expenditure in the
27 European Union member states. Ann Oncol. 2013;24(11):2897-
2902. doi:10.1093/annonc/mdt352

. Bildirici ME. The relationship between cement production, mortality

rate, air quality, and economic growth for China, India, Brazil, Turkey,
and the USA: MScBVAR and MScBGC analysis. Environ Sci Pollut Res
Int. 2020;27(2):2248-2263. d0i:10.1007,/s11356-019-06586-w
Rasoulinezhad E, Taghizadeh Hesary F, Taghizadeh Hesary F. How
is mortality affected by fossil fuel consumption, CO, emissions
and economic factors in CIS region? Energies. 2020;13(9):2255.
doi:10.3390/en13092255

Breusch TS, Pagan AR. The Lagrange Multiplier test and its ap-
plications to model specification in econometrics. Rev Econ Stud.
1980;47(1):239 253. doi:10.2307/2297111

Pesaran MH. General diagnostic tests for cross sectional depen-
dence in panels. Empirical Econ. 2021;60(1):13 50. doi:10.1007/
s00181 020 01875 7

Im KS, Pesaran MH, Shin Y. Testing for unit roots in heterogeneous
panels. J Econometrics. 2003;115(1):53 74. doi:10.1016/S0304
4076(03)00092 7

Maddala GS, Wu S. A comparative study of unit root tests with
panel data and a new simple test. Oxford Bull Econ Stats.
1999;61 (S1):631 652. doi:10.1111/1468 0084.0610s1631
Pesaran MH. A simple panel unit root test in the presence of
cross section dependence. J Appl Econ. 2007;22(2):265 312.
d0i:10.1002/jae.951

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Govdeli

Kao C. Spurious regression and residual based tests for cointegra-
tion in panel data. J Econ Meters. 1999;90(1):1 44. do0i:10.1016/
S0304 4076(98)00023 2

Banerjee A, Carrion i Silvestre JL. Testing for panel coin-
tegration using common correlated effects estimators.
J Time Ser Anal. 2017;38(4):610 636. doi:10.1111/jtsa.12234
Pesaran MH, Shin Y, Smith RP. Pooled mean group estimation of dy-
namic heterogeneous panels. J Am Stat Assoc. 1999;94(446):621
634. doi:10.1080/01621459.1999.10474156

Dumitrescu El, Hurlin C. Testing for Granger non causality in
heterogeneous panels. Econ Modell. 2012;29(4):1450 1460.
d0i:10.1016/j.econmod.2012.02.014

Bozoklu S, Yilanci V. Finansal gelisme ve iktisadi blylme arasindaki
nedensellik iliskisi: gelismekte olan ekonomiler igin analiz [Causal-
ity between financial development and economic growth: analysis
for developing economies]. Dokuz Eyliil Universitesi iktisadi idari
Bilimler Fakultesi Dergisi. 2013;28(2):161 187.

Doshmangir L, Hasanpoor E, Abou Jaoude GJ, Eshtiagh B, Hagh-
parast-Bidgoli H. Incidence of Catastrophic Health Expenditure and
Its Determinants in Cancer Patients: A Systematic Review and Me-
ta-analysis. Appl Health Econ Health Policy. 2021;19(6):839-855.
d0i:10.1007/s40258-021-00672-2

Kim S, Kwon S. Impact of the policy of expanding benefit coverage
for cancer patients on catastrophic health expenditure across dif-
ferent income groups in South Korea. Soc Sci Med. 2015;138:241-
247. doi:10.1016/j.socscimed.2015.06.012

Govdeli T. The nexus between economic growth, health expenditure,
environmental quality: a comparative study for E7 countries. Rev
Environ Health. 2023;39(3):551-560. Published 2023 May 15.
doi:10.1515/reveh-2022-0246

Govdeli T. Dynamic Linkages among HIV/AIDS, Health Expenditures,
Environmental Degradation, Life Expectancy, and Economic Growth:
A Case of Eastern Africa Countries. Curr HIV Res. 2024;22(1):47-52.
doi:10.2174/011570162X271445231214091138

Khalid W, Nawaz A, Gadou LMA, Khan SU, Aybudak HG. Examining
short-run and long-run nexus between economic growth, financial
development, energy consumption and environmental degradation:
empirical evidence for the Environmental Kuznets Curve hypoth-
esis in Egypt. Asia Pac J Reg Sci. 2025;9(2):479-511. doi:10.1007/
s41685-025-00371-z

Govdeli T. Health expenditure, economic growth, and CO, emissions:
evidence from the OECD countries [Saglik harcamalari, ekonomik
blylme ve CO, emisyonlari: OECD (ilkeleri Gzerine kanitlar]. Adiya-
man Universitesi Sosyal Bilimler Enstitiisii Dergisi. 2019;(31):488
516. doi:10.14520/adyusbd.477571

Narcisse M, Zhang S, Shahid MS, Shehzad K. Investigating the N-
shaped EKC in China: an imperious role of energy use and health
expenditures. Frontiers in Environmental Science. 2023;11:378.
doi:10.3389/fenvs.2023.1149507

PRHSJ Vol. 45 | No. 3 | September, 2026




