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Lung cancer treatment and patient care continue to advance, yet concerns persist about whether these improvements are
equally accessible to all socioeconomic groups. Socioeconomic disparities exist in lung cancer incidence, screening,
effective treatment, overall survival, and prognosis. One of the key contributing factors to low socioeconomic status that is
amenable to change is low education. Lower educational attainment is oftentimes linked to various factors, including
smoking habits, unhealthy lifestyle behaviors, lower paid and unhealthier occupations, exposure to environmental
pollutants, and genetic-familial risks, all contributing to an elevated incidence of lung cancer.
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| 1. Introduction

Lung cancer ranks as the second-most frequently diagnosed malignancy in both men and women. However, it stands as
the foremost cause of cancer-related mortality worldwide and surpassed the combined fatalities from breast, colorectal,
and prostate cancers in 2020 . This burden disproportionately affects people with lower socioeconomic status (SES).
One of the first articles about the disparities regarding lung cancer was published in 1958, where it was stated that there
was an increase in lung cancer mortality related to inequalities in different social classes and occupations [&. Nowadays, it
is possible that the existing inequalities are even greater as a result of the COVID-19 pandemic, which suddenly changed
our routines, modified our health behaviors, and significantly disrupted the landscape of lung cancer care. More
specifically, the stress associated with COVID-19 and the economic crisis was linked to an increase in smoking,
predominantly in individuals from populations especially vulnerable to smoking. In addition, the pandemic lockdown
resulted in delaying screening, diagnosis, and treatment of many cancers and in putting a halt to clinical trials =],

According to the WHO, the social determinants of health are the nonmedical factors that influence health outcomes.
These are the circumstances in which individuals come into existence, develop, work, reside, and age. They encompass
the broader array of influences and systems that mold the conditions of everyday life. Studies indicate that social
determinants play a more significant role in influencing health than healthcare alone. For instance, multiple research
findings propose that social determinants of health contribute to approximately 30-55% of health outcomes. Social
determinants of health play a crucial role in the existence of health inequities, which refer to unjust and preventable
differences in health status observed within and among nations. Regardless of income level, a social gradient is evident in
health outcomes, where individuals in lower social standing positions experience poorer health.

There are many factors that are related to low SES, such as education, income, environment, and occupation. All factors
are connected to one another and influence each other. The key contributing and amenable-to-change factor is low
education. Individuals with lower education levels often have limited access to resources such as information, healthcare
services, and preventive measures, ignoring the importance of health literacy. Lower education levels may lead to
employment in occupations with higher physical risks, exposure to environmental hazards, and lower job security, all of
which can impact health negatively. Also, limited educational attainment is associated with low-pay occupations or
unemployment that may contribute to chronic stress, which can adversely affect mental health and, in turn, impact
physical health and exacerbate existing health conditions. Moreover, low income also relates to inhabiting environmentally
degraded and unhealthy neighborhoods.

| 2. Lung Cancer Incidence and SES

Several studies have shown an association between SES and incidence of lung cancer. Interestingly, this association is
observed not only in underdeveloped countries but also in countries with excellent health systems. A registry-based study
in Norway investigated the correlation between socioeconomic factors—utilizing income and education as indicators—and
cancer incidence in Norway, a country recognized for its egalitarian principles, universal healthcare access, and high
human development index. The most significant variations in incidence rate ratios (IRR) were observed in lung cancer.



Individuals, both men and women, with a college or university education as their highest completed level showed a two- to
threefold reduction in risk compared with those with primary school education (IRR for men: 0.40 (0.37-0.43), for women:
0.34 (0.31-0.37)) [4. Low educational level is correlated with several factors, such as smoking habits, bad lifestyle
behaviors, polluted neighborhoods, and genetic-familial risk, that lead to increased lung cancer incidence.

2.1. Smoking Habits

The link between active tobacco use and exposure to secondhand smoke in causing lung cancer is firmly established,
with tobacco exposure contributing to approximately 80-95% of lung cancers . Smoking continues to be the primary
cause of avoidable illness and death on a worldwide scale €, despite significant public health initiatives that have had a
substantial impact on decreasing the prevalence of cigarette smoking. Nevertheless, smoking is not evenly spread
throughout society. Instead, it is progressively clustering among individuals with the lowest education, income, and
occupational status. As a result, it plays a pivotal role in contributing to health disparities, representing a significant portion
of the variations in lung cancer incidence and mortality linked to SES 8],

Education stands out as one of the most robust sociodemographic indicators for predicting smoking prevalence and
cessation. Lower education is associated with elevated smoking prevalence and reduced cessation rates . An article
published in JAMA in 1989 showed that, from 1974 to 1985, education took precedence over gender as the most
influential sociodemographic factor associated with smoking 19. The trend is the same 35 years later, with the prevalence
of smoking being much higher among individuals without a high school diploma compared with those with a college
degree 9. In fact, marketing plays a big role in whether people try or use commercial tobacco products. The tobacco
industry directs its marketing and advertising efforts towards communities with lower incomes and lower health literacy
status. In the United States, it has been demonstrated that two major tobacco manufacturers specifically tailor their
advertising to attract “working-class” youth. This further contributes to the initiation of smoking among young individuals
from lower socioeconomic backgrounds at an earlier age X1 and leads to lower screening rates, increased diagnosis at
advanced-stage disease, and lower rates of surgical intervention for early-stage disease observed in low SES
communities 12,

In previous years, lower education was also correlated with lower rates of quitting smoking 23! Minorities are less prone to
receiving guidance to quit smoking, possessing awareness of accessible smoking cessation programs, engaging in
smoking cessation initiatives, or utilizing pharmacotherapy to cease smoking 4. However, recent data from the CDC
state that people with lower incomes and less education try to quit using tobacco similarly to other sociodemographic
groups. In 2015, an estimated 50% of adults who smoke cigarettes, and who also have not earned a high school diploma,
tried to quit smoking, compared with 58% of those with some college education 13l Notably, smokers in the lower
socioeconomic class require additional support and assistance in quitting smoking, given that they are frequently more
deeply addicted and more frequently exposed to nicotine (6],

The most recent globally supported data correlating low educational status with smoking and increased lung cancer
incidence are from an analysis of data from 15 countries in the Lung Cancer Cohort Consortium. In both current and
former smokers, a higher level of education demonstrated a remarkably consistent reduction in the risk of developing
incident lung cancer across cohorts spanning four continents. This pattern persisted even after thorough adjustments for
smoking were taken into account. When grouping by world region, the association between education and lung cancer
incidence among currently/formerly smoking participants was similar for the US (hazard ratio (HR) = 0.88, 95% confidence
interval (CI) 0.87-0.89), Europe (HR 0.89, 95% CI 0.88-0.91), and Asia (HR 0.91, 95% CI 0.86-0.96), but attenuated in
the Australian cohort (HR 1.02, 95% CI 0.95-1.09 in all cohorts), except in the US Southern Community Cohort Study.

This particular study, predominantly consisting of African Americans, exhibited a hazard ratio of 0.75 (95% CI 0.62—0.90)
un

2.2. Environmental and Occupational Exposure

According to a study by the World Health Organization (WHO), maintaining healthy working and living environments has
the potential to prevent at least 1.7 million cancer deaths each year 8. While smoking is the main cause of lung cancer,
there are other environmental risk factors that contribute to the pathogenesis of lung cancer 22, These factors contribute
to the pathogenesis of lung cancer in nonsmokers or intensify the deleterious effects of smoke on the lung 9. The
International Agency for Research on Cancer (IARC) has categorized air pollution as a Group 1 carcinogen, meaning it is
confirmed to be carcinogenic to humans. This classification, based on IARC’s 2013 findings, is associated with over
220,000 annual global deaths from lung cancer and is linked to reduced survival rates post-diagnosis 2122, At the ESMO
Congress in 2022, it was reported that very small pollutant particles in the air may trigger lung cancer in people who have



never smoked. These particles, which are typically found in vehicle exhaust and smoke from fossil fuels, are associated
with non-small cell lung cancer (NSCLC) risk and drive mutations in EGFR and KRAS genes [23],

Education and the environment are strongly connected to one another. It is well established that populations with lower
SES are more likely to be exposed to higher levels of air pollution than those with higher SES [241251(28] |ndividuals with
lower incomes may find themselves residing in more affordable regions where land values have decreased, such as areas
near major roadways or industrial zones. This can result in heightened exposure levels and, consequently, an increased
risk of disease. The issue of indoor air pollution stemming from combustion byproducts is especially worrisome in
developing nations and rural areas, where wood and charcoal are frequently utilized for cooking and heating. Research

indicates that implementing proper ventilation in these cooking spaces can lead to a reduction in lung cancer risk of up to
50% (22,

Education can influence individual behaviors and attitudes towards the environment. Environmental education refers to
the adoption of educational methods aimed at fostering citizens’ understanding of their ethical connection to the
environment, enhancing their awareness of environmental protection, skills, attitudes, and values, and guiding them to
prioritize environmental concerns and undertake actions conducive to fostering a process of civic education conducive to
sustainable development. Individuals with lower levels of education may have limited awareness and understanding of
environmental issues, including climate change, pollution, and resource depletion. This lack of awareness can contribute
to unsustainable behaviors and practices that harm the environment. On the same basis, individuals with low education
levels may lack the necessary skills to work in environmentally friendly industries or to adopt sustainable practices in their
daily lives, such as energy efficiency or waste reduction 28!,

Asbestos is also carcinogenic and can cause lung cancer and mesothelioma 29, People from lower SES are more likely
to work in mines, being exposed to asbestos every day. Numerous epidemiological studies have been conducted on
workers exposed to asbestos B9 but there is a limited number of studies focusing on the health effects of asbestos
exposure in household and residential settings. Primary concerns regarding household exposure involve the immediate
family members of asbestos workers, stemming from dust brought home on clothing. Household sources of asbestos
exposure include the degradation, installation, removal, and repair of products containing asbestos. Radon exposure is
also associated with an increased risk of lung cancer. The duration spent in subterranean environments, such as
basements or mines, particularly in regions with elevated uranium concentrations, is linked to radon exposure. Individuals
working underground in metal or uranium mining are recognized to face a significantly heightened risk of squamous cell
carcinoma in the lungs and other organs BHE321(33],

In France in 2015, lung cancer stood out as the predominant form of cancer linked to occupational exposures. Among
men, there were 5621 cases (constituting 89% of all work-related cases), while among women, there were 294 cases
(making up 80%) 4. Many epidemiological studies conducted in various countries have identified a notably elevated
mortality rate for lung cancer among construction workers BIB8IE7E8] - Construction workers face an increased risk of
developing lung cancer with prolonged exposure, a risk not evident in supervisors, engineers, and higher-ranking officials
in construction. This distinction is attributed to the lower exposure levels of the latter group compared with those working
directly on construction sites. An analysis of data from a multicenter case-control study of lung cancer conducted in six
Central and Eastern European countries showed that exposures in the workplace, such as to diesel exhaust and welding
fumes, and to a lesser extent, crystalline silica, contribute to the risk associated with educational levels in the development
of lung cancer. Between 13.4% and 14.8% of the association between education and lung cancer is mediated by
occupational exposure B2, Another French analysis showed that considering socio-occupational groups, the aggregate
attributable fraction for three occupational carcinogens (asbestos, silica, diesel motor exhaust) reached 26.7% (95% CI
22.5; 30.8) for blue-collar workers, whereas it was minimal, at 0.2% (95% CI -1.35; 1.64), for managers 24!, In other
words, it was proven that a portion of the increased likelihood of lung cancer among individuals with lower educational
levels is attributed to their occupational exposure to carcinogens.

2.3. Genetic Predisposition

Genome-wide association studies (GWAS) have identified variants in multiple chromosomal regions linked to an elevated
hereditary risk of lung cancer. These encompass the 5p15 locus, housing the gene for telomerase reverse transcriptase
(TERT) 9, the 6p21 locus, responsible for regulating G-protein signaling 24, and the 152526 loci, demonstrated to
enhance nicotine dependence and susceptibility to lung cancer 2. A study conducted in China explored the potential
causal association between an increased number of years in education and a reduced risk of lung cancer, utilizing a two-
sample Mendelian randomization (MR) study. It was demonstrated that genetically predicted higher educational
attainment was related to significantly lower odds of lung cancer. Using conventional MR analysis, one standard deviation
(SD) of longer education, specifically 3.6 years of additional education (due to genetic predisposition across 73 single



nucleotide polymorphisms), was associated with a 52% lower risk of lung cancer [odds ratio (OR) 0.48, 95% CI 0.34, 0.66,
p = 1.02 x 107%]. A genetic inclination towards extended education was also linked to reduced smoking, a lower body
mass index, and a favorable blood lipid profile 43I,

2.4. Familial Socioeconomic Position

The socioeconomic status of the family during childhood plays a crucial role in predicting certain chronic diseases.
Researchers in Denmark tried to investigate whether familial factors shared among siblings account for the correlation
between education and the risk of lung cancer. Using the valid information of millions of siblings born in Denmark between
1950 and 1979, it was shown that family factors shared by siblings, such as exposure to secondhand smoke from parents,
confounded some of the association between education and lung cancer incidence ¥4, Wang et al. performed a meta-
analysis of 13 studies in order to investigate whether childhood SES, defined as the education level or socioeconomic
position of parents, and/or childhood housing conditions, influenced lung cancer mortality. Poorer childhood SES was
associated with increased lung cancer risk (HR 1.25, 95% CI 1.10, 1.43) 48], However, this meta-analysis was still in the
preprint stage and had not been externally reviewed.

2.5. Infections

The process of lung carcinogenesis has been associated with inflammation and cellular damage occurring during
respiratory infections. Tuberculosis (TB) increases the risk of lung cancer onset and progression according to a meta-
analysis, expressing an OR of lung cancer development of 1.76 8], On the other hand, HIV also increases the risk of lung
cancer by two to four times, regardless of smoking status 7. In fact, in the US, lung cancer has emerged as the primary
cause of mortality among individuals with HIV, especially after the introduction of antiretroviral therapies that limited the
incidence of AIDS-defining infection [471[48]149] ' patients infected with TB and HIV are more likely to be minorities, of low
SES, and smokers.

Figure 1 provides a schematic presentation of the factors that contribute to lung cancer health disparities.
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Figure 1. The key contributing factor to low SES is low education. Low educational level is associated with several
factors, such as smoking habits, bad lifestyle behaviors, polluted neighborhoods, and genetic-familial risk, that lead to
increased lung cancer incidence.

| 3. Conclusions

It is nowadays well established that there are socioeconomic inequalities regarding lung cancer incidence, screening,
effective treatment, overall survival, and prognosis, which are primarily attributed to low education. Low educational level
is correlated with several factors, such as smoking habits, bad lifestyle behaviors, polluted neighborhoods, and genetic-
familial risk, that lead to increased lung cancer incidence. The battle against lung cancer is relentless. It is time that pivotal
actions towards narrowing the disparities in patient care are initiated in an effort to ensure that prioritizing the defeat of
cancer is not only a priority for Europe but for the entire world.
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