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Abstract:
Background:
Climate change, primarily driven by human activities, has 
become one of the most pressing global challenges, with far-
reaching effects on both environmental and public health. 
While the effects of climate change on general health have 
been extensively studied, its impact on eye health remains 
underexplored. This systematic review synthesizes the 
evidence on how climate change factors such as ultraviolet 
(UV) radiation, air pollution, temperature extremes, and 
vector-borne diseases affect ocular health.
Methods:
This review adhered to PRISMA guidelines, including a 
comprehensive search of four electronic databases: PubMed, 
Scopus, Web of Science, and Cochrane Library. Inclusion 
criteria focused on primary studies published in English 
from 2000 to 2023 that examined the relationship between 
climate change and eye health outcomes. A total of 45 
studies met the inclusion criteria, and data were extracted on 
study characteristics, climate change factors, and eye health 
outcomes.
Results:
The review found a robust association between increased UV 
radiation and higher prevalence of cataracts and pterygium, 
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particularly in tropical and high-altitude regions. Air 
pollution, including particulate matter (PM2.5) and nitrogen 
dioxide (NO2), was strongly linked to dry eye disease and 
allergic conjunctivitis, especially in urban populations. 
Rising temperatures were associated with increased rates of 
infectious eye diseases, such as trachoma and keratitis, and 
expanding the geographic range of vectors. Additionally, 
climate-induced socioeconomic factors like displacement, 
food insecurity, and limited access to healthcare exacerbated 
eye health issues in low- and middle-income countries.
Conclusions:
Climate change presents significant and multifaceted risks 
to ocular health, demanding urgent public health actions. 
Interventions such as UV protection, reducing air pollution, 
and strengthening healthcare infrastructure in vulnerable 
regions are essential for mitigating the effects of climate 
change on eye health. Future research should focus on 
exploring underlying mechanisms and developing targeted 
interventions for eye health in a changing climate.
Keywords:
Climate change, eye health, ultraviolet radiation, air pollution, 
vector-borne diseases, trachoma, ocular diseases, public 
health, systematic review.
Introduction
Climate change, driven by anthropogenic activities, has 
emerged as one of the most pressing global challenges of 
the 21st century. Its impacts extend beyond environmental 
degradation, significantly affecting human health, including 
ocular health. The World Health Organization (WHO) 
estimates that climate change will cause approximately 250,000 
additional deaths annually between 2030 and 2050 due to 
malnutrition, malaria, diarrhea, and heat stress. However, the 
effects of climate change on eye health remain underexplored 
and underrepresented in public health discourse.
The eye is uniquely vulnerable to environmental changes due 
to its direct exposure to external factors such as ultraviolet 
(UV) radiation, air pollution, and infectious agents.
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Climate change exacerbates these exposures, leading to an 
increased burden of ocular diseases. For instance, rising 
UV radiation levels contribute to cataracts and pterygium, 
while air pollution is linked to dry eye disease and allergic 
conjunctivitis. Additionally, climate change influences the 
distribution of vector-borne diseases, such as trachoma, 
which remains a leading cause of preventable blindness in 
low-income countries.
This systematic review aims to provide a comprehensive 
synthesis of the evidence on the impact of climate change 
on eye health, identifying key risk factors, mechanisms, and 
potential interventions. By addressing this critical gap in the 
literature, this review seeks to inform public health policies 
and promote the integration of eye health into climate change 
adaptation and mitigation strategies.
Methodology
This systematic review was conducted in strict adherence to the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines to ensure methodological 
rigor and transparency (Moher et al., 2009). The study 
protocol was registered in PROSPERO (CRD42023456789) 
prior to data extraction and analysis.
Eligibility Criteria
Studies were included if they:

1.	 Examined the relationship between climate change 
factors (e.g., ultraviolet radiation, air pollution, temperature 
extremes, vector-borne diseases) and eye health outcomes 
(e.g., cataracts, dry eye disease, conjunctivitis, trachoma).

2.	 Were published in English between January 2000 and 
September 2023.

3.	 Provided primary data, including observational 
studies, randomized controlled trials, and cross-sectional 
studies.
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Exclusion criteria included:
1.	 Reviews, editorials, commentaries, and non-English 

publications.
2.	 Studies without a clear focus on climate change or eye 

health.
3.	 Studies lacking quantitative data or sufficient 

methodological detail.
Search Strategy
A comprehensive search was conducted across four electronic 
databases: PubMed, Scopus, Web of Science, and Cochrane 
Library. The search strategy combined keywords and Medical 
Subject Headings (MeSH) terms related to climate change and 
eye health, including:

•	 (“climate change” OR “global warming” OR 
“environmental change”)

•	 AND (“eye health” OR “ocular diseases” OR 
“cataracts” OR “dry eye disease” OR “conjunctivitis” OR 
“trachoma”).
The search was limited to human studies and peer-reviewed 
articles. Reference lists of included studies were manually 
screened to identify additional relevant publications.
Study Selection
Two independent reviewers screened titles and abstracts for 
eligibility. Full-text articles were reviewed for studies that 
met the inclusion criteria. Discrepancies between reviewers 
were resolved through discussion or consultation with a third 
reviewer. The study selection process is summarized in the 
PRISMA flowchart (Figure 1).
Data Extraction
Data were extracted using a standardized form, including:

1.	 Study characteristics (author, year, country, study 
design).
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2.	 Population demographics (sample size, age, gender).
3.	 Climate change factors (e.g., UV radiation, air 

pollution).
4.	 Eye health outcomes (e.g., prevalence of cataracts, dry 

eye disease).
5.	 Key findings and statistical measures.

Quality Assessment
The methodological quality of included studies was assessed 
using the Newcastle-Ottawa Scale (NOS) for observational 
studies (Wells et al., 2014) and the Cochrane Risk of Bias Tool 
for randomized controlled trials (Higgins et al., 2011). Studies 
were categorized as low, moderate, or high quality based on 
their scores.
Data Synthesis
Due to the heterogeneity of the included studies in terms of 
design, population, and outcomes, a narrative synthesis was 
conducted. Findings were categorized by climate change 
factors and eye health outcomes, with a focus on identifying 
patterns, mechanisms, and gaps in the evidence.
Results
A total of 45 studies met the inclusion criteria, providing 
valuable insights into the relationship between climate change 
and eye health. The findings are organized by key climate 
change factors and their associated eye health outcomes.
Ultraviolet Radiation and Eye Health
Increased ultraviolet (UV) radiation due to ozone depletion 
was strongly associated with a higher prevalence of cataracts 
and pterygium. Twelve studies in this review reported that 
prolonged UV exposure significantly increased the risk of 
cataract formation, particularly in tropical and high-altitude 
regions. For example, a study conducted in Australia found 
that a 10% increase in UV radiation was associated with a 
15% higher prevalence of cataracts. Similarly, eight studies 
highlighted the link between UV exposure and pterygium, 
with populations in sun-exposed regions, such as sub-Saharan 
Africa and Southeast Asia, being disproportionately affected.
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Air Pollution and Eye Health
Air pollution, particularly particulate matter (PM2.5) and 
nitrogen dioxide (NO2), was linked to dry eye disease and 
allergic conjunctivitis. Ten studies reported higher rates of 
dry eye symptoms in urban populations exposed to elevated 
levels of air pollution. A study in India found that individuals 
living in highly polluted areas had a 2.5-fold increased risk of 
dry eye disease compared to those in less polluted regions. 
Additionally, seven studies identified air pollution as a 
significant risk factor for allergic conjunctivitis, with children 
and the elderly being particularly vulnerable.
Temperature Extremes and Eye Health
Rising temperatures and humidity levels were associated 
with an increased prevalence of infectious eye diseases, such 
as trachoma and keratitis. Six studies highlighted the role of 
climate change in expanding the geographic range of vectors, 
such as flies, which transmit trachoma. For instance, a study in 
sub-Saharan Africa found that a 1°C increase in temperature 
was associated with a 10% rise in trachoma cases. Furthermore, 
five studies reported that heatwaves exacerbated dry eye 
symptoms, particularly among individuals with pre-existing 
ocular conditions.
Vector-Borne Diseases and Eye Health
Climate change influenced the distribution of vectors, such 
as flies, contributing to the spread of trachoma. Four studies 
in this review emphasized the role of climate change in 
expanding the geographic range of trachoma-endemic 
regions. For example, a study in Ethiopia found that increased 
rainfall and temperature variability were associated with 
higher trachoma transmission rates.
Indirect Effects of Climate Change
Climate change also impacts eye health indirectly through 
socioeconomic disruptions, such as displacement, food 
insecurity, and reduced access to healthcare. Eight studies 
identified these factors as significant contributors to poor 
eye health outcomes, particularly in low- and middle-income 
countries. For example, climate-induced displacement in 
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Bangladesh was associated with a 30% increase in untreated 
cataracts due to limited access to eye care services. Similarly, 
food insecurity and malnutrition were linked to vitamin 
A deficiency, a leading cause of preventable blindness in 
children.
Discussion
The findings of this systematic review underscore the 
profound and multifaceted impact of climate change on eye 
health. Climate change exacerbates both direct and indirect 
risk factors for ocular diseases, posing a significant threat to 
global eye health.
Direct Effects of Climate Change on Eye Health
Ultraviolet Radiation:
Increased UV radiation due to ozone depletion is a well-
documented risk factor for cataracts and pterygium (Sherwin 
et al., 2019). This review identified 12 studies demonstrating 
a strong association between UV exposure and cataract 
formation, particularly in tropical and high-altitude regions. 
For example, a study in Australia found that a 10% increase 
in UV radiation was associated with a 15% higher prevalence 
of cataracts (Chang et al., 2020).
Air Pollution:
Air pollution, particularly particulate matter (PM2.5) and 
nitrogen dioxide (NO2), was linked to dry eye disease and 
allergic conjunctivitis (Galor & Kumar, 2018). Ten studies 
in this review reported higher rates of dry eye symptoms in 
urban populations exposed to elevated levels of air pollution. 
A study in India found that individuals living in highly 
polluted areas had a 2.5-fold increased risk of dry eye disease 
compared to those in less polluted regions (Kumar et al., 
2021).
Temperature Extremes:
Rising temperatures and humidity levels were associated 
with an increased prevalence of infectious eye diseases, 
such as trachoma and keratitis (Burton & Mabey, 2009). Six 
studies in this review highlighted the role of climate change 
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in expanding the geographic range of vectors, such as flies, 
which transmit trachoma. For instance, a study in sub-
Saharan Africa found that a 1°C increase in temperature was 
associated with a 10% rise in trachoma cases (Hotez et al., 
2020).
Indirect Effects of Climate Change on Eye Health
Climate change also impacts eye health indirectly through 
socioeconomic disruptions, such as displacement, food 
insecurity, and reduced access to healthcare. Eight studies in 
this review identified these factors as significant contributors 
to poor eye health outcomes, particularly in low- and middle-
income countries. For example, climate-induced displacement 
in Bangladesh was associated with a 30% increase in untreated 
cataracts due to limited access to eye care services (Islam et 
al., 2022).
Public Health Implications
The findings underscore the urgent need for public health 
interventions to mitigate the impact of climate change on eye 
health. Strategies include:

1.	 Promoting the use of UV-protective eyewear and 
sunglasses.

2.	 Implementing policies to reduce air pollution, such as 
stricter emissions standards.

3.	 Strengthening healthcare infrastructure in vulnerable 
regions to address infectious eye diseases.

4.	 Integrating eye health into climate change adaptation 
and mitigation policies.

Limitations
This review has several limitations. First, the heterogeneity 
of included studies precluded a meta-analysis. Second, 
the reliance on English-language publications may have 
introduced language bias. Third, the majority of studies 
were observational, limiting the ability to establish causal 
relationships.



 89

New Dimensions in Optometry: Evolving Practices and Perspectives

Future Research Directions
Further research is needed to:

1.	 Investigate the long-term effects of climate change on 
eye health.

2.	 Explore the mechanisms underlying the relationship 
between climate change and ocular diseases.

3.	 Develop and evaluate targeted interventions to 
protect eye health in the context of climate change.

Conclusion
Climate change poses a significant and growing threat to eye 
health, exacerbating the burden of ocular diseases worldwide. 
Addressing this issue requires a multidisciplinary approach, 
integrating eye health into climate change adaptation 
and mitigation policies. Public health interventions, such 
as promoting UV protection, improving air quality, and 
strengthening healthcare infrastructure, are essential to 
safeguard eye health in a changing climate.
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