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ABSTRACT

Background: Environmental pollution poses a major global public health challenge, contributing to a wide range of chronic diseases and premature
mortality. While numerous individual studies have explored associations between pollutants and specific health outcomes, findings are often
fragmented and context-specific, limiting broader application. A comprehensive synthesis of current global evidence is necessary to inform policy
and guide public health interventions.

Objective: This systematic review aims to evaluate and synthesize global evidence on the impact of environmental pollutants—including air,
water, and soil contaminants—on population-level health outcomes such as respiratory illness, cancer, neurodevelopmental disorders, and all-
cause mortality.

Methods: A systematic review was conducted following PRISMA guidelines. Searches were performed across PubMed, Scopus, Web of Science,
and the Cochrane Library for studies published between 2010 and 2024. Inclusion criteria encompassed observational studies, cohort studies,
randomized controlled trials, and systematic reviews involving human populations exposed to environmental pollutants with reported health
outcomes. Studies were screened by two independent reviewers, and data extraction was performed using a standardized form. Risk of bias was
assessed using the Newcastle-Ottawa Scale and the Cochrane Risk of Bias Tool. A narrative synthesis was performed due to heterogeneity in study
designs and outcomes.

Results: Eight high-quality studies were included, encompassing diverse global populations and pollutant exposures. Key findings indicated
significant associations between PM2.5 and respiratory and cardiovascular mortality (p <0.01), arsenic and nitrate in drinking water with increased
cancer risk (HR > 2.0), and lead exposure with neurodevelopmental delays in children. All-cause mortality was consistently elevated in populations
exposed to ambient air pollution across multiple regions.

Conclusion: Environmental pollutants are strongly associated with a range of adverse public health outcomes, underscoring the need for enhanced
regulatory policies and integrated clinical awareness of environmental risks. Although the findings are supported by robust evidence, further
standardized, longitudinal research is warranted to deepen understanding and guide targeted interventions.
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INTRODUCTION

Environmental pollutants such as air, water, and soil contaminants represent one of the most pervasive threats to global public health.
Increasing urbanization, industrialization, and agricultural intensification have contributed significantly to the release of hazardous
substances into the environment, exposing populations to a variety of chemical, biological, and physical agents. These exposures have
been linked to a wide spectrum of adverse health outcomes, including respiratory disorders, cardiovascular diseases, various cancers,
neurological impairments, and premature mortality (1,2). According to the World Health Organization, ambient air pollution alone
accounts for approximately 4.2 million deaths annually, predominantly from stroke, ischemic heart disease, chronic obstructive
pulmonary disease, lung cancer, and acute respiratory infections in children (3,4). Similarly, unsafe water sources, poor sanitation, and
exposure to toxic soil contaminants such as heavy metals contribute substantially to the global burden of disease. Despite decades of
research into environmental health, the complex interplay between different pollutants and public health outcomes remains incompletely
understood (5,6). Much of the existing literature has focused on single-pollutant exposures within specific geographic or demographic
contexts, often lacking comprehensive synthesis across pollutants and population groups. Moreover, regional disparities in study quality,
methodology, and outcome measures make it difficult to derive generalizable conclusions (7,8). In light of the accelerating climate crisis
and global environmental degradation, there is an urgent need to systematically integrate and evaluate the available evidence on this
topic. A comprehensive review can provide a consolidated understanding of the magnitude and nature of health risks posed by
environmental pollution and help guide evidence-based policy and prevention strategies (9,10).

This review seeks to address the following research question: Among general populations worldwide (P), how do exposures to
environmental pollutants including air, water, and soil contaminants (I), compared to unexposed or minimally exposed populations (C),
affect population-level health outcomes such as respiratory illness, cancer incidence, and all-cause mortality (O)? The objective is to
systematically review and synthesize global epidemiological evidence assessing the relationship between environmental pollutant
exposures and key public health outcomes. This systematic review includes both observational and interventional studies to provide a
broad assessment of the issue. Eligible studies published between 2010 and 2024 were considered to ensure the relevance and currency
of findings. The scope is global, encompassing data from low-, middle-, and high-income countries to reflect diverse environmental
exposures and health system contexts. By aggregating and critically appraising global research, this review aims to fill existing
knowledge gaps and support the development of more effective environmental health interventions. The findings are expected to aid
clinicians, researchers, and policymakers in understanding pollutant-specific risks and targeting public health responses accordingly.
The review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and follows
methodological recommendations outlined in the Cochrane Handbook for Systematic Reviews of Interventions.

METHODS

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure methodological rigor and transparency. A comprehensive and systematic literature search was
undertaken across four major electronic databases: PubMed, Scopus, Web of Science, and the Cochrane Library. The search strategy
included a combination of Medical Subject Headings (MeSH) and free-text terms using Boolean operators to identify relevant studies.
Keywords such as “environmental pollutants,” “air pollution,” “water contamination,” “soil pollution,” “public health,” “mortality,”
“respiratory diseases,” and “cancer” were combined using “AND” and “OR” to maximize search sensitivity and specificity. For example,
one of the search strings used was: (“air pollution” OR “particulate matter”’) AND (“mortality” OR “respiratory illness” OR “cancer”
AND (“public health” OR “health outcomes™). In addition to database searches, the reference lists of included articles were manually
screened to identify any additional eligible studies. Studies were included if they met predefined eligibility criteria. Eligible studies
comprised observational studies (cross-sectional, case-control, cohort), randomized controlled trials, and systematic reviews that
assessed the association between environmental pollutants and at least one measurable population health outcome. Studies were
restricted to human subjects of all ages and genders, from any geographical region, and published in English between 2010 and 2024.
Health outcomes of interest included respiratory conditions, malignancies, cardiovascular diseases, and all-cause mortality. Studies were
excluded if they were non-peer-reviewed articles, editorials, commentaries, case reports, animal studies, or focused solely on indoor air
pollution without a broader environmental context (11).

EEINT3 LEINT3

Study selection was conducted in two phases by two independent reviewers. In the first phase, titles and abstracts were screened for
relevance, and in the second phase, full-text reviews were performed to confirm eligibility. Any disagreements between reviewers were
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resolved through discussion or consultation with a third reviewer. All references were managed using EndNote software to facilitate
citation tracking and de-duplication. The study selection process is summarized in a PRISMA flow diagram, illustrating the number of
studies identified, screened, included, and excluded with reasons. Data were extracted using a standardized form developed for this
review. Extracted variables included study characteristics (author, year, location), study design, sample size, type of environmental
exposure (e.g., PM2.5, arsenic, lead), population demographics, outcome measures (e.g., incidence of disease, mortality rates), effect
estimates (e.g., odds ratios, relative risks), and key findings. Data extraction was performed independently by two reviewers and cross-
verified for consistency and accuracy. Risk of bias in individual studies was assessed using validated tools appropriate for each study
design. The Newcastle-Ottawa Scale (NOS) was employed for observational studies to evaluate selection, comparability, and outcome
assessment biases. For randomized controlled trials, the Cochrane Risk of Bias Tool was used to assess selection bias, performance bias,
detection bias, attrition bias, and reporting bias. Studies were categorized into low, moderate, or high risk of bias based on predefined
scoring criteria, and discrepancies were resolved through consensus.

Due to the heterogeneity in exposure assessment methods, population characteristics, and outcome definitions across the studies, a meta-
analysis was deemed inappropriate. Thus, a qualitative synthesis was performed. The findings of the included studies were narratively
summarized and grouped according to type of pollutant and health outcomes. Trends, patterns, and consistencies in associations were
identified and critically analyzed to draw meaningful conclusions. Eight high-quality studies were included in the final review. For
example, A study conducted a global study on air pollution and respiratory diseases, revealing a strong association between PM2.5
exposure and increased hospital admissions for asthma and COPD (12). Another study assessed long-term arsenic exposure in drinking
water and its correlation with bladder and lung cancer incidence (13). Research found elevated mortality risks associated with NO-
exposure in urban populations (14). A study demonstrated that nitrate contamination in drinking water was linked to colorectal cancer
(15). A recent study explored soil lead contamination and reported developmental delays in children (16). A study linked PM10 exposure
with cardiovascular mortality across multiple cities in China (17). Another reported association between industrial water pollutants and
liver cancer in Latin America (18). Lastly, a multicounty analysis integrated data from 21 countries to show consistent associations
between air pollution and all-cause mortality (19).

RESULTS

A total of 3,184 articles were initially retrieved through electronic database searches and manual screening. After removal of duplicates
(n = 984), 2,200 records were screened based on titles and abstracts. Of these, 132 full-text articles were assessed for eligibility, with
124 excluded due to not meeting inclusion criteria such as inappropriate study design, insufficient data on population health outcomes,
or lack of environmental exposure specification. Ultimately, 8 studies met all inclusion criteria and were included in the final systematic
review. The study selection process is detailed in the PRISMA flow diagram. The included studies varied in design and geographic
origin, encompassing cohort studies, time-series analyses, and cross-sectional designs across multiple regions including North America,
Asia, and Latin America. Sample sizes ranged from under 1,000 to over 10 million individuals, reflecting both community-level and
national-scale populations. In terms of risk of bias, all eight studies demonstrated moderate to high methodological quality. Observational
studies were evaluated using the Newcastle-Ottawa Scale, with six studies scoring >7 out of 9, indicating low risk in most domains. The
two systematic reviews included used transparent selection criteria and robust data synthesis methods. Common limitations observed
included potential confounding due to socioeconomic variables, limited exposure assessment precision, and inconsistent adjustment for
comorbidities. Nevertheless, most studies used standardized data collection methods and statistical adjustments to minimize bias.

Across the eight studies, several consistent associations were observed. Exposure to fine particulate matter (PM2.5) was significantly
associated with increases in all-cause mortality and respiratory hospital admissions, with reported risk increases ranging from 1.2% to
3.8% per 10 pg/m? increment (p < 0.01) (12). Similarly, PM10 was correlated with elevated cardiovascular mortality in urban Chinese
populations (RR 1.05; 95% CI 1.01-1.08) (13). Arsenic exposure via drinking water showed a significant association with increased
incidence of bladder and lung cancer, with hazard ratios exceeding 2.0 in highly exposed populations (14). Nitrate contamination was
linked to a higher risk of colorectal cancer, particularly in agricultural regions with intensive fertilizer use (HR 1.15; 95% CI 1.05-1.26)
(15). Lead-contaminated soil exposure in children was associated with significant reductions in cognitive scores and neurodevelopmental
delays, even at low exposure thresholds (16). Water pollution from industrial waste was consistently linked to liver cancer clusters in
several Latin American regions, particularly where enforcement of environmental regulation was weak (17). The multi-country analysis
further reinforced the robust relationship between cumulative air pollutant exposure and all-cause mortality globally, showing increased
risks across varied socioeconomic and demographic settings (18). Taken together, these results provide strong epidemiological evidence
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that environmental pollutants—including airborne particles, heavy metals, and waterborne contaminants—are significantly associated
with adverse health outcomes across diverse global populations.

Table 1: Summary of Included Studies

Author (Year) Study Design Sample Exposure Type Region Outcomes Measured
Size

Liu et al. (2021) Time-series 652 cities PM2.5 Global Daily mortality, respiratory
admissions

Yang et al. (2022) Cohort ~50,000 Arsenic (water) China Bladder and lung cancer
incidence

Alimohammadi et al. Meta-analysis Various NO: Global All-cause mortality

(2020)

Bowe et al. (2019) Cohort 2.7 million  Nitrate (water) USA Colorectal cancer risk

Chen et al. (2023) Cross-sectional 7,432 Lead (soil) Global Neurodevelopmental delay

Zhang et al. (2020) Time-series 15 cities PM10 China Cardiovascular mortality

Soto et al. (2022) Systematic review  Various Industrial water Latin Liver cancer

pollutants America
Brauer et al. (2021) Multi-country Multi- Air pollution 21 countries  All-cause mortality
analysis national (various)
DISCUSSION

This systematic review consolidates robust global evidence linking environmental pollutants—particularly airborne particles, heavy
metals, and waterborne contaminants—with adverse public health outcomes. Across the eight included studies, consistent associations
were observed between exposures to pollutants such as PM2.5, PM10, arsenic, nitrates, lead, and industrial effluents and increased risks
of respiratory diseases, cardiovascular events, various cancers, neurodevelopmental delays, and all-cause mortality (20). The strength
of the evidence is reinforced by large-scale population data, multi-country analyses, and statistically significant outcomes, suggesting a
clear and measurable public health burden attributable to environmental pollution. The findings are largely consistent with and extend
the conclusions of previous systematic reviews and primary research (21,22). Earlier reviews have similarly demonstrated that air
pollution contributes significantly to cardiovascular and respiratory morbidity and mortality, but many were region-specific or limited
in pollutant scope. For example, prior analyses focusing solely on PM2.5 often excluded other critical pollutants like nitrates or lead.
This review expands upon earlier literature by incorporating diverse pollutant types and populations from both high-income and low-
and middle-income countries. The observed association between nitrate exposure and colorectal cancer aligns with findings from prior
cohort studies in the U.S., while the link between arsenic in drinking water and increased cancer risk confirms longstanding toxicological
hypotheses (23,24). Likewise, the association between airborne particulate matter and increased cardiovascular mortality corroborates
decades of epidemiological findings (25).

One of the principal strengths of this review is its methodological rigor, characterized by adherence to PRISMA guidelines, a
comprehensive multi-database search strategy, and the inclusion of only high-quality studies with clearly defined exposure and outcome
metrics. The inclusion of globally diverse data enhances the generalizability of findings, allowing for broader applicability across
differing socioeconomic and environmental contexts. Additionally, the dual-reviewer approach for study selection and data extraction
minimized the risk of selection bias and enhanced data integrity. However, the review is not without limitations. Despite a thorough
search strategy, the potential for publication bias remains, particularly due to the exclusion of non-English articles and unpublished data,
which may skew results toward more significant or positive findings. The heterogeneity in study designs, pollutant assessment methods,
and outcome measures limited the ability to conduct a meta-analysis and may have introduced variability in the strength and direction
of associations. Additionally, while most included studies adjusted for confounding variables, residual confounding—especially related
to socioeconomic status, occupational exposures, and comorbidities—cannot be entirely excluded. The lack of longitudinal studies in
some pollutant categories further limits causal inference.

These findings carry meaningful implications for both clinical practice and public health policy. The strong and consistent associations
between environmental pollution and adverse health outcomes highlight the urgent need for policy interventions aimed at reducing
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pollutant emissions and exposures. Regulatory bodies should consider stricter enforcement of air and water quality standards,
particularly in rapidly industrializing regions where environmental oversight may be limited. Clinicians, especially those in primary care
and public health, should be aware of environmental risk factors when assessing patient health, particularly among vulnerable
populations such as children and the elderly. Future research should prioritize longitudinal studies that explore dose-response
relationships, evaluate the combined effects of multiple pollutants, and investigate mechanisms of pollutant-induced pathophysiology.
Studies incorporating geographic information systems (GIS), wearable exposure monitors, and biomarker analysis can further refine
exposure assessment and enhance causal inference. Addressing these gaps will be essential to advancing environmental health science
and mitigating the growing global burden of pollution-related disease.

CONCLUSION

This systematic review provides compelling evidence that exposure to environmental pollutants—including particulate matter, heavy
metals, and chemical contaminants in air, water, and soil—is consistently associated with significant adverse public health outcomes
such as respiratory illnesses, cardiovascular mortality, neurodevelopmental impairments, and various cancers. These findings emphasize
the clinical relevance of environmental risk factors as contributors to population-level disease burden and highlight the necessity for
incorporating environmental exposure assessment into routine public health practice and policy formulation. The reliability of the
evidence is strengthened by the inclusion of high-quality, large-scale studies from diverse global settings, yet the heterogeneity in
exposure assessment and outcome definitions suggests a need for more standardized, longitudinal research. Continued investigation,
particularly into synergistic effects of multiple pollutants and vulnerable population subgroups, is essential to inform targeted
interventions and mitigate the global health impacts of environmental degradation.
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