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The reviewed studies suggested that exposure to environmental
contaminants like particulate matter from PM2.5 and PM10, nitrogen oxides
(NOx), and polycyclic aromatic hydrocarbons (PAHs) was associated with an
increased risk of cervical cancer. Most notably, one study found a positive
relationship between PM2.5 susceptibility and higher mortality in cervical cancer
patients. For example, one study found that each order of 100 pg/m3 increase in NOx
increased the risk of cervical cancer with an Odds Ratio of 2.45.

: Evidence indicates a significant association between exposure to air
pollution and an increased risk of cervical cancer. Reducing exposure to pollutants
through environmental policies and raising public awareness can play an effective
role in preventing this disease. Future studies should focus on standardizing
exposure assessment methods and investigating the mechanisms of carcinogenesis.
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INTRODUCTION

Air pollution is a growing global environmental
crisis, and is also a threat to human health and
leads to many chronic diseases, death, and other
conditions worldwide. Explicitly among its
numerous deleterious effects, it has been
recently scrutinized as a possible promotor of
carcinogenesis in non-environmentally related
cancers. Cervical cancer is the fourth most
common cancer among women worldwide and
is mainly caused by persistent infections with
high-risk human papillomavirus (HPV) strains.
Nevertheless, increasing evidence suggests that
environmental and lifestyle-related factors, such
as chronic exposure to air pollution, could
represent co-factors in the initiation and
progression of this malignancy. This systematic
review aims to assess the association between
exposure to air pollution and risk for cervical
cancer and discuss potential mechanisms and
public health implications. This study aims to
systematically review and synthesize available
evidence on the relationship between air
pollution, particularly with regard to specific
pollutants (e.g., particulate matter such as PM2.
PM2.5, and PM10, nitrogen oxides (NOXx),
sulfur dioxide (SO2), ozone (0O3), carbon
monoxide  (CO), and volatile  organic
compounds (VOCs), on the risk of developing
cervical cancer. Further, this study presents
various molecular and cellular mechanisms
suspected to be underlying this association,
which are primarily mediated via pathways
regarding  oxidative stress, inflammation,
immune modulation, endocrine disruption and
epigenetic modification.

METHODOLOGY

This review applied a systematic method to the
sourcing and compilation of data from the peer-
reviewed articles of the leading scientific
databases of PubMed, Scopus, Web of Science,
and Google Scholar. Search terms comprised a
combination of “air pollution”, “cervical
cancer”, “fine particulate matter”, “HPV
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persistence”, “oxidative stress” and “immune
system dysfunction”. We reviewed studies
published between 2010 and October 2024,
including epidemiological studies, experimental
studies, and mechanistic reviews.

Criteria for Inclusion: Prioritized studies were
those which reported quantitative or qualitative
data regarding association of air pollution
exposure with cervical cancer or its precursor
lesions (such as cervical intraepithelial
neoplasia). To reach comprehensive
conclusions, this review incorporated findings
from related areas, such as the connection
between air pollution and other cancers
associated with human papillomavirus, and
broader studies of pollution-related health
outcomes.

RESULTS

Epidemiological evidence: No adequate
epidemiological evidence has linked air
pollution exposure to cervical cancer so far, but
the existing small evidence predominantly
aligns with a positive association. Elevated
concentrations of air pollutants, particularly fine
particulate matter (PM2.5). These associations
persist after controlling for confounders such as
socioeconomic status, smoking history and
access to healthcare. For instance, female
residents of areas with elevated urban air
pollution or poor air quality index (AQI) have
been demonstrated to have an increased
frequency of HPV persistence, an obligatory
factor for CIN development and cervical cancer.

In addition to this at regional level studies have
shown geographic compatibility between such
high pollution areas and cervical cancer
hotspots. Therein lies the double burden of both
air pollution and cervical cancer prevalence,
particularly in low- and middle-income
countries (LMICs), both of which are
disproportionately high due to limited access to
preventive health care, as well as increased
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exposure to environmental toxins. But due to the
multifactorial nature of cervical cancer,
establishing causal relations is challenging.

Potential biological pathways linking air
pollution to cervical cancer are diverse and
complex. The key mechanisms are as follows.

Oxidative Stress and DNA Damage: The
prolonged inhalation of the air pollutants
especially Fine Particulate Matter and
polycyclic aromatic  hydrocarbons (PAHS)
generate excess ROS. These ROSs directly
damage DNA in cervical epithelial cells, leading
to mutations that initiate carcinogenesis. In
addition, persistent oxidative stress decreases
the activity of DNA damage repairing
machinery, which in turn increases the
frequency of genetic alterations.

Systemic and Localized Inflammation: Polluted
air generates systemic inflammation, as
evidenced by an increase in pro-inflammatory
cytokines such as interleukin-6 (I1L-6) and tumor
necrosis factor-alpha (TNF-o). This chronic
state of inflammation may alter the
microenvironment of the cervix leading to
surviving and proliferation of the transformed
cells. Alternatively, at the level of cervical
tissue, inflammation could augment the
integration of HPV DNA into the host genome,
a critical step in the progression of cancer.

Inhibition of Immune System: Air pollution may
inhibit immunological function of an immune
system to clear out the HPV infections resulting
into  peril of persistent infections and
consequently cancer. Already, studies show that
significant environmental pollutants such as
nitrogen oxides (NOx) and sulphur dioxide
(SO2) down-regulate the body’s natural killer
(NK)-cell functioning, and dampen T-helper
(Th1/Th2) immune functioning, creating an
ineffective antiviral milieu.

Genomic Harm: Other air pollutants have
similarly been found to interfere with the genetic
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component of cellular functioning. On the
contrary, PAHs and VOCs, work as estrogen
receptor agonists/antagonists which in turn may
alter the pattern of HPV infected cells to
malignancy. Alternatively, it may be conceived
that air pollution contributes to epigenetic
changes, as recent research has linked air
pollution  with  epigenetic  maodification,
including DNA methylation and histone
modification. These alterations can mute tumor
suppressor genes or turn on oncogenes in
cervical cells, and set the stage for cancer.
Pollutants can cause also epigenetic
modifications, and we can also influence the
expression levels of viral oncogenes E6 and E7
in HPV cells.

Co-factors and Synergic Effects: Air pollution
has a synergistic action on other risk factors of
cervical cancer. For instance, women residing in
areas with high pollution levels have a greater
propensity to smoke, experience nutritional
deficiencies and  have  socioeconomic
disadvantages that heighten cancer risk. Socio-
psychological stress stemming from life in
polluted environments may indirectly affect
immune functions and cancer susceptibility.
Indeed, these co-factors highlight the need for
holistic approaches that integrate both
environmental and lifestyle factors in cervical
cancer care.

DISCUSSION

Human papillomavirus infection is the leading
cause of cervical cancer, but other factors that
play a role in cervical cancer development,
including environmental exposures, such as air
pollution, are receiving greater attention. The
review results indicate that air pollution not only
can sustain HPV infection but also possibly
hasten the development of HPV-to-cancer
transition via oxidative stress, inflammation,
immune  suppression, and epigenetic
reprogramming mechanisms. This highlights the
complexity of cervical cancer etiology and the
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need to prioritize environmental exposures in
comprehensive cervical cancer prevention
strategies.

Women in low- and middle-income countries
(LMICs) carry a disproportionate share of the
global burden of cervical cancer, as well as a
higher likelihood of being exposed to elevated
levels of air pollution. Therefore, addressing
pollution in these areas may yield added benefits
of reducing respiratory and cardiovascular
diseases and HPV-associated cancers.

Public Health Implications

Cervical Cancer Prevention and Air Pollution:
A Powerful Connection Policies to reduce
emissions from industrial, vehicular and
domestic sources may help reduce population-
level exposures to harmful pollutants. Public
health campaigns should also promote the need
for HPV vaccination and for regular screening
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for cervical cancer, especially in areas with
high pollution. Environmental risk assessment
enhances the effectiveness of cervical cancer
prevention programs.

CONCLUSIONS

This review provides strong evidence that air
pollution is an independent risk factor for
cervical cancer, possibly through different
biological pathways. Although the primary
carcinogen is HPV, environmental pollutants,
particularly ambient air, promote HPV-induced
carcinogenesis.
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