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Purpose: To determine if significant correlations occur between recorded values for a) annual temperature, b) air pollution levels, and 
the prevalence of acute ophthalmic inflammation among patients attending an eye emergency department in an urban setting between 
2011 and 2023.
Patients and Methods: A data bank of cases that attended an eye emergency unit (Medical University of Silesia, Katowice, Poland) 
between 1/1/2011 and 31/12/2023 was accessed. Cases were classified into inflammatory or noninflammatory ophthalmic groups. The 
former were then subdivided into subgroups for blepharitis, orbital inflammation, lacrimal system inflammation, conjunctivitis, 
scleritis, keratitis, uveitis with retinitis, endophthalmitis, and optic neuritis. Data on local temperatures and air pollution levels were 
obtained from available official publications.
Results: Reporting key results (p < 0.05).

(i) Total attending the emergency unit increased from 8,172 to 14,261 (8854 during pandemic lockdown in 2020), prevalence of all 
acute ophthalmic inflammation (y) decreased from 64.70% to 55.40% and prevalence of conjunctivitis within this group 
decreased from 53.96% to 36.23%.

(ii) Annual average (±SD) temperature (x, °C) in Silesia increased from 8.33°C (±9.18°) in 2010 to 10.64°C (±6.83°C) in 2020 
(paired t-test, p = 0.04). Curvi-linear regression revealed, y = 1.915x3-55.624x2+534.09x-1631.2, (n = 10, r2= 0.489).

(iii) Prevalence of conjunctivitis was directly correlated with atmospheric concentrations of sulphur dioxide, carbon monoxide and 
particulate matter in suspended dust with a diameter≤10 microns.

(iv) After factoring all cases of conjunctivitis, a) prevalence of endophthalmitis, uveitis with retinitis, and scleritis were negatively 
correlated with temperature, b) atmospheric concentrations of certain pollutants were positively correlated with the prevalence of 
endophthalmitis, uveitis with retinitis, scleritis and keratitis; and negatively correlated with the prevalence of orbital and lacrimal 
inflammation, blepharitis, and optic neuritis.

Conclusion: Air pollutants and temperature are linked to the prevalence of certain acute ophthalmic inflammations. Some correlations 
are negative suggesting some protection against the development of certain conditions. However, negative correlational effects do not 
necessarily imply negative causal effects.
Keywords: air pollution, ophthalmic inflammation, particulate matter, sulphur dioxide, carbon monoxide

Introduction
Global warming (GW) and climate change (CC) are interrelated terms and are often used interchangeably. However, GW 
refers specifically to the Earth’s rising surface temperatures, while CC refers to shifts in weather patterns.1 The increasing 
average temperature of the atmosphere near the Earth’s surface and the troposphere is believed to contribute to changes 
in global climate patterns.
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According to climate change models for Egypt, cases of keratomycosis are projected to increase over the next few 
years alongside anticipated increases in CO2 emissions and surface temperatures.2 Models suggest that the warming 
climate will create more favourable conditions for pathogenic diseases, highlighting a direct correlation between 
environmental changes and consequential impact on public health.2

It is widely accepted that climate change could have a profound effect on the prevalence and spread of human pathogenic 
diseases. Despite this recognition, the full extent of the associated risks has not been adequately quantified.3 Climate change is 
more than a global environmental issue; it directly threatens eye health, and this is expected to impact the delivery of essential 
eyecare services.4

Climate change is expected to worsen a variety of ocular conditions. Increased UV exposure is likely to accelerate cataract 
formation, heighten risks of severe allergic eye diseases, glaucoma, age-related macular degeneration, infections (such as 
trachoma), ocular surface diseases, and ocular injuries are all anticipated to become more prevalent.5 Uncontrolled air 
pollution is a significant deleterious environmental health issue, particularly in megacities. Pollutants can directly affect the 
ocular surface and predispose individuals to or exacerbate other ocular conditions. Urban air pollution may trigger a local 
imbalance of innate and adaptive immune responses, exacerbating the severity of eye diseases.6

Therefore, interventions designed to reduce concentrations of atmospheric pollutants should reduce the incidence of 
some ocular inflammatory conditions. Conversely, rising average temperatures are expected to increase the incidence of 
certain ocular inflammatory conditions. The aim of this study was to determine whether changes in the average annual 
atmospheric temperature values and concentrations of air pollutants were associated with the prevalence of specific 
ophthalmic inflammatory conditions.

Materials and Methods
Study Design
Inflammatory Conditions
An analysis of acute ophthalmic inflammation was carried out on patients who attended the eye emergency department at 
the Professor K. Gibinski University Clinical Center of the Medical University of Silesia in Katowice, Poland, between 
January 1, 2011, and December 31, 2023.

This center is one of the largest public health care ophthalmological units in Poland. Over 14,200 people attended the eye 
emergency department in 2023 alone. The records were reviewed for each calendar year, and an audit was conducted as follows. 
Firstly, the total number of cases that attended was recorded. Secondly, the number of cases presenting with an acute 
inflammatory condition was identified. Thirdly, the inflammatory cases were then divided into the following subgroups: 
blepharitis, orbital inflammation, lacrimal system inflammation, conjunctivitis, keratitis, uveitis with retinitis, endophthalmitis, 
optic neuritis, and scleritis.

The inclusion criteria were based on diagnoses categorized under the International Classification of Diseases, 10th Revision 
(ICD-10), as presented in Table 1 and detailed assessments made by the attending physicians at the eye emergency department.7

Temperature
Annual average temperature values were obtained from the official online publications for the whole of Poland [https://www. 
iea.org/articles/poland-climate-resilience-policy-indicator] and region of Silesia [https://weatherandclimate.com/poland/sile 
sia#google_vignette].8,9

Pollution
Air pollution levels for the region of Silesia were extracted from the official online publications of the Chief Inspectorate 
of Environmental Protection [Główny Inspektorat Ochrony Środowiska – GIOŚ, https://www.gov.pl/web/gios-en] for the 
period 2010 to 2023.10 The pollutants noted in this publication and considered for inclusion in this study are listed in 
Table 2.

Data and Statistical Analysis
Data were stored in Excel spreadsheets (Microsoft, Redmond, WA) and analyzed to determine the significance of any:
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Table 1 International Classification of Disease (ICD) Codes and Descriptions During the Study Period.7

Condition ICD-10 Code

Blepharitis H01.0, H01.001, H01.002, H01.003, H01.004, H01.005, H01.006, H01.009, H01.011, H01.012, H01.013, H01.014, 
H01.015, H01.016, H01.019, H01.021, H01.022, H01.023, H01.024, H01.025, H01.026, H01.029

Lacrimal system 
inflammation

H04.0, H04.001, H04.002, H04.003, H04.009, H04.011, H04.012, H04.013, H04.019, H04.101, H04.102, H04.103, 
H04.109, H04.301, H04.302, H04.303, H04.309, H04.401, H04.402, H04.403, H04.409, H04.411, H04.412, H04.413, 

H04.419, H04.201, H04.202, H04.203, H04.209

Orbital inflammation H05.0, H05.001, H05.002, H05.003, H05.009, H05.101, H05.102, H05.103, H05.109

Conjunctivitis H10.0, H10.011, H10.012, H10.013, H10.019, H10.021, H10.022, H10.023, H10.029, H10.101, H10.102, H10.103, 

H10.109, H10.201, H10.202, H10.203, H10.209, H10.401, H10.402, H10.403, H10.409, H10.801, H10.802, H10.803, 

H10.809, H10.901, H10.902, H10.903, H10.909, H10.301, H10.302, H10.303, H10.309, H10.5

Scleritis H15.0, H15.001, H15.002, H15.003, H15.009, H15.101, H15.102, H15.103, H15.109, H15.201, H15.202, H15.203, H15.209

Keratitis H16.0, H16.001, H16.002, H16.003, H16.004, H16.011, H16.012, H16.013, H16.014, H16.021, H16.022, H16.023, 

H16.024, H16.031, H16.032, H16.033, H16.034, H16.041, H16.042, H16.043, H16.044, H16.051, H16.052, H16.053, 

H16.054, H16.101, H16.102, H16.103, H16.104, H16.201, H16.202, H16.203, H16.204, H16.211, H16.212, H16.213, 
H16.214, H16.221, H16.222, H16.223, H16.224, H16.231, H16.232, H16.233, H16.234, H16.301, H16.302, H16.303, 

H16.304, H16.311, H16.312, H16.313, H16.314, H16.8, H16.9

Uveitis with retinitis H30.9, H30.00, H30.01, H30.02, H30.03, H30.10, H30.11, H30.12, H30.13, H30.20, H30.21, H30.22, H30.23, H30.90, 

H30.91, H30.92, H30.93

Endophthalmitis H44.0, H44.021, H44.022, H44.023, H44.029, H44.031, H44.032, H44.033, H44.039, H44.041, H44.042, H44.043, 

H44.049, H44.091, H44.092, H44.093, H44.099

Optic neuritis H46.0, H46.00, H46.01, H46.02, H46.03, H46.1, H46.11, H46.12, H46.13

Table 2 Pollutants Considered and Listed by Chief Inspectorate of Environmental Protection.10

Pollutant Abbreviation

Sulphur dioxide (μg/m3) SO2

Nitrogen dioxide (μg/m3) NO2

Nitric oxide (μg/m3) NOx

Carbon monoxide (mg/m3) CO

Ozone (μg/m3) O3

Benzene (μg/m3) C6H6

Particulate matter in suspended dust with a diameter ≤10 microns (μg/m3) PM10

Particulate matter in suspended dust with a diameter ≤2.5 microns (μg/m3) PM2.5

Lead in suspended dust particles with a diameter ≤10 microns (μg/m3) Pb(PM10)

Arsenic in suspended dust particles with a diameter ≤10 microns (ng/m3) As(PM10)

Cadmium in suspended dust particles with a diameter ≤10 microns (ng/m3) Cd(PM10)

Nickel in suspended dust particles with a diameter ≤10 microns (ng/m3) Ni(PM10)

Benzo(a)pyrene in suspended dust particles with a diameter ≤10 microns (ng/m3) BaP(PM10)

Polycyclic aromatic hydrocarbons (PAHs) in suspended dust particles with a diameter ≤10 microns (ng/m3) PAHs(PM10)

(Continued)
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i. Changes in the annual prevalence of all acute inflammatory conditions and each subgroup (blepharitis, orbital 
inflammation, lacrimal system inflammation, conjunctivitis, scleritis, keratitis, uveitis with retinitis, endophthal
mitis, and optic neuritis) over the period, analyzed using Pearson correlation.

ii. Changes in annual average temperature and mean concentrations of atmospheric pollutants over the study period.

Data sets were subjected to linear or curvilinear regression analysis, as appropriate. Depending on the outcomes of the 
analysis, the data were further scrutinized to determine ‘if the annual prevalences of acute inflammatory conditions were 
associated with mean annual temperature or the mean concentration of any atmospheric pollutants. Appropriate non- 
parametric tests were applied when data were not normally distributed (Kolmogorov–Smirnov test of normality). 
Changes and differences were considered statistically significant at p ˂ 0.05.

Results
The number of patients who attended the eye emergency department between 2011 and 2023 is shown in Table 3. The 
figures were divided into those attending for an inflammatory or a noninflammatory ophthalmic condition. The 
inflammatory group is further subdivided into nine subgroups.

The eye emergency department examined 140,712 patients between 2011 and 2023. Of these, 86,786 were reported as 
requiring treatment for an acute inflammatory ophthalmic condition. The total number of patients presenting with 

Table 3 Audit of Cases Presenting to the Eye Emergency Department, 2011 to 2023

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

I 5827 5979 6688 6228 6859 6852 7168 7490 8035 4598 5630 7315 7900

II 545 575 762 809 949 1055 1325 1403 1110 757 734 876 990

III 20 33 55 27 52 61 52 68 68 43 54 95 115

IV 22 36 63 50 85 91 90 90 84 60 115 138 115

V 2853 3116 3180 3161 3259 2995 2994 3055 3713 1944 1930 2538 2862

VI 1307 1583 1802 1562 1729 1832 1899 2078 2210 1809 1978 2383 2478

VII 313 377 420 317 404 413 408 382 385 425 459 778 740

VIII 23 30 33 18 9 16 32 27 10 12 22 68 84

IX 167 172 320 242 318 329 308 335 403 258 281 377 447

X 37 57 53 42 54 60 60 52 52 47 57 62 69

XI 8172 8619 10,478 9672 11,453 11,067 11,364 11,761 12,250 8854 9455 13,306 14,261

Notes: The total numbers are separated into cases presenting with either inflammatory or non-inflammatory ophthalmic conditions. The 
inflammatory cases are further sub-divided into nine listed conditions. I: All inflammatory conditions, II: Blepharitis, III: Orbital inflammation, IV: 
Lacrimal system inflammation, V: Conjunctivitis, VI: Keratitis, VII: Uveitis with retinitis, VIII: Endophthalmitis, IX: Optic neuritis, X: Scleritis, XI: 
Total of all patients presenting at the eye emergency department.

Table 2 (Continued). 

Pollutant Abbreviation

Ions in PM2.5 in suspended dust particles with a diameter ≤2.5 microns (μg/m3) Ions(PM2.5)

Total gaseous mercury (ng/m3) Hg(TGM)

Formaldehyde (μg/m3) Not abbreviated
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conjunctivitis, keratitis, or blepharitis was 74,140. These three subgroups accounted for more than 85.4% of all 
inflammatory conditions reported at the emergency department.

The total numbers increased from 2011 to 2019, decreased, and then gradually rose again between 2020 and 2023. 
The decline can be attributed to the lockdown in response to COVID-19 and subsequent restrictions on population 
movement and access. Linear regression revealed the following associations between the total number presenting with an 
acute inflammatory ophthalmic condition (y) and year (x) over the periods 2011-to-2019 and 2020-to-2023.

Prevalence of Acute Ophthalmic Inflammatory Conditions Over the Period 
2011–2023
The prevalence of all acute inflammatory cases (calculated as 100 × [number of acute inflammatory cases/total number of all 
patients reported at emergency department]) and of conjunctivitis among these inflammatory cases (calculated as 100 × [number 
of conjunctivitis cases/total number of acute inflammatory cases]) decreased significantly (r² = 0.635 and 0.866 respectively), as 
shown in Figure 1.

Significant fluctuations were observed in the prevalence of blepharitis, orbital inflammation, lacrimal system 
inflammation, keratitis, uveitis with retinitis, endophthalmitis, and optic neuritis among the total number of reported 
inflammatory cases. The best-fit expressions describing the shifts in the prevalences are shown in Table 4. No significant 
change was detected in the prevalence of scleritis among the reported cases.

Figure 1 Prevalence of all acute inflammatory conditions and conjunctivitis within these inflammatory conditions, in patients reported at the eye emergency department 
between 2011 and 2023. 
Notes: Characteristics of the least squares line between prevalence (y) and year (x) for all acute inflammatory conditions is y ¼ 278:17x � 0:0692x2 � 279680 (n = 13, r2 = 
0.635, p = 0.006, solid line); all acute inflammatory conditions over 2015 and 2019 inclusive is y ¼ 1:318x � 2595:3 (n = 5, r2 = 0.970, p = 0.001, hatched line) and 
conjunctivitis is y ¼ 3318 � 1623x (n = 13, r2 = 0.866, p < 0.001, hatched line).
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Prevalence of Ophthalmic Inflammation and Temperature in Silesia
Published data on annual average temperatures for the region of Silesia and the whole of Poland were available up to and 
including 2020. Linear regression analysis revealed the following associations between average annual temperature (y, °C) 
and year (x) over the period 2010–2020.

In Silesia, the annual mean [±SD] temperature (°C) increased significantly from 8.33°C [±9.18°C] to 10.64°C [±6.83°C] 
over this decade (paired t-test, p = 0.04).

For the period 2011–2020, significant associations (p < 0.05) were identified between annual average temperature and 
the prevalence of acute inflammatory conditions, particularly the prevalence of endophthalmitis. As shown in Table 3, 
conjunctivitis was the predominant inflammatory condition, accounting for more than 45% of cases presenting at the 
emergency department. Fluctuations in the prevalence of conjunctivitis could influence the prevalence of other condi
tions. Hence, it was decided to repeat the analysis for data covering the period 2011–2020 after excluding all cases of 
conjunctivitis. This refined analysis revealed significant associations between annual average temperature and the 
prevalence of scleritis, uveitis with retinitis, and endophthalmitis. The best-fit expressions describing these associations 
are shown in Table 5.

Prevalence of Ophthalmic Inflammation and Atmospheric Levels of Pollutants
The reported concentrations of the atmospheric pollutants in Table 2 decreased significantly between 2011 and 
2023 (p < 0.05), except for O₃, Ni(PM10), C6H6 and ions (PM2.5). During this period, the prevalence of certain 
acute ophthalmic inflammatory conditions correlated with the average annual atmospheric concentrations for SO2, 
NO2, NOX, CO, PM10, PM2.5, Pb(PM10), Ni(PM10), BaP(PM10), WWA(PM10) and formaldehyde; and the pre
valence of conjunctivitis amid the inflammatory cases correlated with the average annual atmospheric levels of 
SO2, NO2, NOX, CO, PM10, PM2.5, Pb(PM10), As(PM10), BaP(PM10), WWA(PM10) and formaldehyde. These 
results may be skewed by the abrupt decline in attendance during COVID-19 lockdown, as noted in Table 2. 
Between 2019 and 2020, the total number of attendees fell from 12,205 to 8,854, while the number of those 

Table 4 Expressions Describing the Annual Prevalence of Ophthalmic Inflammatory 
Conditions Among Cases Attended Between 2011 and 2023

Condition Type Expressions and Associated Correlation (r2) Coefficients

All inflammatory conditions z = 278.17x – 0.0692×2 – 279680, r2 = 0.635, p = 0.001

Blepharitis y = 656.6x – 0.163×2 – 662347, r2 = 0.680, p = 0.001

Lacrimal system inflammation y = 0.096x – 192.77, r2 = 0.676, p = 0.002

Orbital inflammation y = 0.066x – 132.69, r2 = 0.730, p < 0.001

Conjunctivitis y = 3318–1.623x, r2 = 0.866, p < 0.001

Scleritis r2 = 0.088, p > 0.05

Keratitis y = 0.7409x – 1465.9, r2 = 0.672, p = 0.002

Uveitis with Retinitis y = 0.078×2 – 312.51x + 314865, r2= 0.756, p < 0.001

Endophthalmitis y = 26913x – 13.359×2 + 0.00022 x3, r2 = 0.794, p < 0.001

Optic Neuritis y = 0.1672x – 332.79, r2 = 0.686, p = 0.002

Notes: x = year, z = [Total number of all inflammatory cases/Total number of all cases that attended the emergency 
department] x 100%, y = [Total number of cases/total number of all inflammatory cases] x 100%, n = 11, p < 0.01 for 
all other correlations except for the prevalence of scleritis, where the correlation was not significant (p > 0.05).
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reported with an acute ophthalmic inflammatory condition decreased from 8,035 to 4,598. Accordingly, it was 
decided to focus the analysis on the period 2011–2019. The significant correlations between the average annual 
atmospheric concentrations of pollutants and the prevalence of subgroup inflammatory conditions are listed in 
Tables 6 and 7, for data including and excluding conjunctivitis, respectively. In Table 6, 24 of the 35 significant 
correlations are negative indicating the prevalence of certain conditions was relatively low when the average 
annual atmospheric levels of certain pollutant levels were relatively high. In Table 7, the number of negative 
correlations is 19.

Table 5 Expressions Describing the Association Between Annual Average Temperature in 
Silesia and the Prevalence of Ophthalmic Inflammatory Conditions Over the Period 
2011–2020

Condition Type Expressions and Associated Correlation (r2) Coefficients

All inflammatory conditions z = 1.915×3 – 55.624×2 + 534.09x – 1631.2, r2 = 0.489, p = 0.025

Endophthalmitis y = 1.678–0.133x, r2 = 0.604, p = 0.006

Endophthalmitis* y = 3.548–0.288x, r2 = 0.644, p = 0.005

Scleritis* y = 3.545–0.204x, r2 = 0.571, p = 0.011

Uveitis with Retinitis* y = 24.265–1.302x, r2 = 0.459, p = 0.031

Notes: x = year, z = [Total number of all inflammatory cases/Total number of all cases that attended the emergency 
department] x 100%, y = [Total number of cases/Total number of all inflammatory cases] x 100%, n = 10 (*after 
excluding conjunctivitis).

Table 6 Significant (p ˂ 0.05) Correlation Coefficients [R] for the Association Between Average Annual 
Atmospheric Levels of Pollutants and the Prevalence of Specific Acute Inflammatory Conditions Among the 
Total Number of Cases Attending with an Ophthalmic Inflammatory Condition Over the Period 2011–2019

Pollutant I II III IV V VI VII VIII IX X

SO2 −0.702 −0.710 0.708 0.800 0.684 −0.767

NO2 −0.730 −0.703

NOX −0.710 −0.797 −0.768

CO −0.711 −0.844 −0.831 0.817 −0.653 −0.934

O3

C6H6

PM10 −0.764 −0.779 0.684 0.724 0.723 −0.874

PM2.5 −0.654 −0.707 0.836 −0.803

Pb(PM10) 0.708

As(PM10)

Cd(PM10)

Ni(PM10)

BaP(PM10)

PAHs(PM10) −0.650 −0.796

(Continued)
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Discussion
We evaluated the possible links between annual mean temperature, air quality and the prevalence of acute inflammatory 
ophthalmic diseases reported at a single eye emergency department in Katowice, Poland. Previous studies have 
investigated the associations between air pollution and various systemic conditions, such as ischemic heart disease, 

Table 6 (Continued). 

Pollutant I II III IV V VI VII VIII IX X

Ions(PM2.5) −0.647

Hg(TGM)

Formaldehyde 0.794 −0.758 0.803 −0.831

Notes: I: All inflammatory conditions, II: Blepharitis, III: Orbital inflammation, IV: Lacrimal system inflammation, V: Conjunctivitis, VI: Keratitis, 
VII: Uveitis with retinitis, VIII: Endophthalmitis, IX: Optic neuritis, X: Scleritis. A positive “r” value indicates that the prevalence of the 
condition increased with higher pollutant concentrations, while a negative “r” value implies the opposite.

Table 7 Significant Correlation (P˂0.05) Coefficients [R] for the Association Between Average 
Annual Atmospheric Levels of Pollutants and the Prevalence of Specific Acute Inflammatory 
Conditions (Excluding Conjunctivitis) Among the Total Number of Cases Attending with an 
Ophthalmic Inflammatory Condition Over the Period 2011–2019

Pollutant I II III IV VI VII VIII IX X

SO2 −0.691 −0.690 0.952 0.794 −0.602 0.796**

NO2 −0.762

NOX −0.701 −0.839

CO −0.649 −0.781 −0.806 0.704* 0.867** 0.738** −0.756 0.751**

O3

C6H6

PM10 −0.739 −0.788 0.800** 0.825 −0.750

PM2.5 −0.739 0.731** 0.900 −0.733

Pb(PM10) 0.773 0.676**

As(PM10) −0.708

Cd(PM10)

Ni(PM10)

BaP(PM10) −0.721

PAHs(PM10) −0.665 0.674** −0.794

Ions(PM2.5)

Hg(TGM)

Formaldehyde −0.815 0.703** 0.880 −0.831

Notes I: All inflammatory conditions, II: Blepharitis, III: Orbital inflammation, IV: Lacrimal system inflammation, VI: Keratitis, 
VII: Uveitis with retinitis, VIII: Endophthalmitis, IX: Optic neuritis, X: Scleritis. A positive “r” value indicates that the 
prevalence of the condition increased as concentration of the corresponding pollutant increased, while a negative value implies 
the opposite. *Indicates a positive “r” value that was negative in Table 6.**indicates “r” values that emerged as significantly 
positive correlations after factoring out conjunctivitis.
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stroke and respiratory diseases.11–13 Ophthalmic diseases unrelated to the ocular surface may result from the systemic 
effects of various air pollutants, as well as from changes in climate and temperature.

Table 3 shows a gradual rise in number of all inflammatory admissions from 2011 to 2019, followed by a decline 
during the period 2020–2021, and then an increase in 2022–2023. The period 2020–2021 corresponds to the first two 
years of the COVID-19 pandemic, with the overall decline attributed to restrictions related to the general lockdown.14,15 

Nevertheless, equations 1 and 2 model these trends for the periods 2011–2019 and 2020–2023, respectively.
The COVID-19 pandemic led to a significant reduction in the number of patients attending the eye emergency 

department. This suggests that people with less urgent or milder conditions endured their discomfort and avoided visiting 
the public hospital as a way of reducing the risk of becoming infected.16 However, the number of sight-threatening cases 
or cases requiring urgent treatment, such as uveitis and retinitis, increased during the pandemic period compared to pre- 
pandemic numbers. Figure 1 illustrates that the overall prevalence of all acute inflammatory conditions, including 
conjunctivitis, tended to decrease between 2011 and 2023. Nevertheless, there was a near-linear increase in the 
prevalence of all acute inflammatory conditions between 2015 and 2019, just before the lockdown, as well as a rise in 
the prevalence of conjunctivitis between 2018 and 2019. These trends may be coincidental or potentially indicative of an 
emerging COVID-19 pandemic. Table 4 lists expressions describing the changes in the prevalence of each condition 
within the family of acute inflammatory conditions. A closer look at each expression reveals the prevalence of blepharitis 
peaked in 2018, and then gradually declined. In contrast, the prevalence of lacrimal inflammation, keratitis, orbital 
inflammation, uveitis with retinitis, endophthalmitis, and optic neuritis tended to increase, particularly after 2019. While 
this may also be coincidental, it could be a consequence of the COVID-19 pandemic.

Equations 3 and 4 show that the annual average temperature (AAT) in Silesia and increased linearly over the decade 
2010–2020. Silesia was subjected to a rise in AAT rising from 8.33°C in 2010 to 10.64°C in 2020, mirroring the impact 
of global warming. Several infectious and non-infectious ophthalmic diseases are influenced by temperature.17 The 
equations in Table 5 describe the associations between AAT in Silesia and prevalence of acute ophthalmic inflammatory 
conditions reported at the eye department between 2010 and 2020. These equations should be viewed with caution. 
Figure 2a shows that the prevalence of all conditions reduced as AAT increased from 8.5°C to 10.5°C then increased as 
AAT continued to rise. Furthermore, after factoring out all cases of conjunctivitis, the prevalence of endophthalmitis, 
uveitis with retinitis, and scleritis had an inverse association with AAT. Figure 2b demonstrates the associations for 
endophthalmitis and scleritis. These are counter-intuitive, suggesting that other more influential factors could be eclipsing 
any real link between AAT and the prevalence of these conditions.

Table 6 shows the prevalence of conjunctivitis was strongly associated with atmospheric concentrations of CO, SO2, 
and PM10. Figures 3 and 4 feature the prevalence of selected subtypes, including conjunctivitis (Figures 3a and 4a), in 
relation to atmospheric concentrations of CO and SO2. Mimura et al discussed the association between the number of 
outpatient visits for allergic conjunctivitis and the local PM2.5 levels.18 Furthermore, the risk of conjunctivitis associated 
with particulate matter and SO2 was highest during the transitional season, whereas the risk associated with NO2 peaked 
in the winter season. These findings underscore the importance of managing atmospheric pollution and provide 
a reference for public health measures.19 The prevalence of conjunctivitis, as noted in Figure 1, decreased as the 
atmospheric concentrations of CO, SO2, and PM10 declined. Sendra et al strongly expressed the view that urban air 
pollution should be regarded as a key factor in the development of ophthalmic inflammatory diseases.6 The results in 
Table 4 and Table 6 can be interpreted as evidence supporting this view, particularly in the case of conjunctivitis.

Table 6 and Figures 3a and 4a show the overall prevalence of keratitis and other conditions negatively correlated with 
atmospheric concentrations of CO and SO2. However, as noted in Table 7 and Figures 3b and c, 4b and c some of these 
correlations were rendered positive for conditions such as keratitis, blepharitis, scleritis, uveitis with retinitis and 
endophthalmitis after excluding conjunctivitis from the analysis.

The prevalence of keratitis is positively correlated with atmospheric levels of CO and formaldehyde after factoring 
out conjunctivitis. The prevalence of fungal keratitis is influenced by factors such as geography, climate, age, gender, 
socioeconomic status, agricultural activity, and the level of urbanization.20–22 This condition is commonly found in 
tropical and subtropical regions, where warm and humid climates create ideal conditions for the growth and spread of 
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Figure 2 Annual average temperatures and prevalence of inflammatory ophthalmological conditions (A) Annual average temperature and prevalence of all acute 
inflammatory conditions. (B) Annual average temperature and prevalence of scleritis and endophthalmitis after factoring out conjunctivitis. 
Notes: Characteristics of the least squares line between prevalence (y) and annual average temperature (x) for all acute inflammatory conditions: 
y ¼ 534:09x � 55:624x2 þ 1915x3 � 1631:2 (n = 10, r2 = 0.489, p = 0.025). Characteristics of the least squares line between prevalence (y) and annual average temperature 
(x) for scleritis; y ¼ 3:545 � 0:204x (n = 10, r2 = 0.571, p = 0.011, solid line); endophthalmitis, y ¼ 3:548 � 0:288x (n = 10, r2 = 0.644, p = 0.005, hatched line).
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fungi responsible for the infection. Consistent with conjunctivitis, the results in Table 4 and Table 7 provide further 
support for earlier studies.6

The prevalence of endophthalmitis, uveitis with retinitis, and scleritis is positively linked with atmospheric concentrations 
of certain pollutants after factoring out conjunctivitis. Autoimmune eye diseases (AEDs) can affect both intraocular and 
periorbital structures, leading to severe visual impairment. The roles of air pollution and meteorological factors in the initiation 
and progression of AEDs have become increasingly significant, involving both systemic and local mechanisms. Exposure to 
excessive air pollution, including PM2.5 and PM10, as well as high temperatures, can disrupt the Th17/Treg balance, regulate 
macrophage polarization, activate neutrophils, induce systemic inflammation and oxidative stress, reduce retinal blood flow, 
promote tissue fibrosis, activate the sympathetic nervous system, negatively affect nutrient synthesis, and induce heat stress, 
all of which may contribute to the worsening of AEDs.23 While previous studies have revealed an association between ocular 
surface disorders and air pollution, few have focused on links with uveitis. The risk of uveitis appears to increase with 
increasing NOx levels.24 The corresponding result in Table 7 does not support this. Furthermore, there is a negative correlation 
between atmospheric concentrations of NOx and the prevalence of orbital inflammation and lacrimal inflammation. Tan et al 
suggested that PM2.5 concentrations above the level of the minimum exposure were responsible for 13% of new cases of 

Figure 3 Annual average concentration of atmospheric carbon monoxide and prevalence of inflammatory ophthalmological conditions. (A) Annual average levels of carbon 
monoxide and corresponding prevalence of selected acute inflammatory conditions over the period 2011–2019 inclusive.(B) Annual average levels of carbon monoxide and 
prevalence of selected anterior ophthalmic inflammatory conditions after factoring out conjunctivitis. (C) Annual average levels of carbon monoxide and prevalence of 
selected posterior ophthalmic inflammatory conditions after factoring out conjunctivitis. 
Notes: Characteristics of the least squares line between prevalence (y) and the annual average concentration of atmospheric carbon monoxide (x, mg/m3) for keratitis, 
y ¼ 35:826xþ 31:164 (n = 9, r2 = 0.495, p = 0.017, dot-dash line); blepharitis, (n = 9, r2 = 0.421, p = 0.029, dashed line); lacrimal inflammation y ¼ 5:076 � 6:170x (n = 9, r2 

= 0.649, p = 0.004, dotted line); scleritis y ¼ 2:777xþ 0:010 (n = 9, r2 = 0.564, p = 0.010). For clarity, least squares line for scleritis is excluded. NB, some data points 
overlap. Characteristics of the least squares line between prevalence (y) and annual average concentration of atmospheric carbon monoxide (x, mg/m3) for conjunctivitis, 
y ¼ 57:847xþ 16:69 (n = 9, r2 = 0.667, p = 0.007, solid line); keratitis, y ¼ 32:105 � 10:978x (n = 9, r2 = 0.427, p = 0.028, dot-dash line); blepharitis, y ¼ 32:791 � 35:981x 
(n = 9, r2 = 0.506, p = 0.016, dashed line); optic neuritis, y ¼ 9:987 � 10:96 (n = 9, r2 = 0.872, p < 0.001, dotted line).; lacrimal inflammation, y ¼ 3:144 � 4:107x (n = 9, r2 = 
0.690, p < 0.001); orbital inflammation, y ¼ 2:074 � 2:606x (n = 9, r2 = 0.713, p < 0.001). For clarity, least squares lines for lacrimal and orbital inflammation are excluded. 
NB, some data points overlap. Characteristics of the least squares line between prevalence (y) and the annual average concentration of atmospheric carbon monoxide 
(x, mg/m3) for uveitis with retinitis, y ¼ 21:829x � 0:6565 (n = 9, r2 = 0.753, p < 0.001, solid line); optic neuritis, y ¼ 14:792 � 13:001 (n = 9, r2 = 0.571, p = 0.009, dot-dash 
line); orbital inflammation, y ¼ 3:240 � 3:661x (n = 9, r2 = 0.610, p = 0.007, dotted line); endophthalmitis, y ¼ 3:480x � 1:189 (n = 9, r2 = 0.544, p = 0.012). NB, some data 
points overlap.
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uveitis.25 Our findings align with this, providing further evidence supporting the link between fine particulate air pollution and 
uveitis. Furthermore, numerous industrial chemicals can harm the retina. Current retinal environmental health studies tend to 
involve animal models, isolated mammalian retinas, animal- or human-derived retinal cells, and retinal organoids.26 

Moreover, environmental pollution has the potential to promote the generation of reactive oxygen species (ROS), impair 
antioxidant defense mechanisms, and induce oxidative stress.27 Endophthalmitis is usually an exogenous infection after 
ophthalmic surgery, penetrating ocular trauma, or the extension of a corneal infection.28 Endophthalmitis can also be 
endogenous, arising from bacteremic or fungemic seeding in the eye.29 Figures 3c, 4c and 5 show the prevalence of 
endophthalmitis is small, in comparison with other conditions, but it is positively linked to air pollution. A search for 
published reports assessing the environmental factors such as air pollutants and temperature on the onset of endophthalmitis 
yielded no results. Formaldehyde is an environmental and occupational chemical carcinogen known to cause damage to 
proteins and nucleic acids.30 Exposure to formaldehyde from different sources can induce eye irritations, heart diseases and 
brain damage.31–33 Previous studies have primarily focused on the occupational exposure to formaldehyde in humans.34,35 

However, as indoor formaldehyde has a negative impact on human health, elevated outdoor levels of this toxin are also likely 
to induce similar effects. Thus, it is reasonable to expect a link between atmospheric levels of formaldehyde at lower 
concentrations and particular ophthalmic conditions. However, the associations with optic neuritis, orbital inflammation, 

Figure 4 Annual average concentration of atmospheric sulphur dioxide and prevalence of inflammatory ophthalmological conditions. (A) Annual average levels of sulphur 
dioxide and corresponding prevalence of selected acute inflammatory conditions over the period 2011–2019 inclusive. (B) Annual average levels of sulphur dioxide and 
prevalence of selected anterior ophthalmic inflammatory conditions after excluding conjunctivitis. (C) Annual average levels of sulphur dioxide and prevalence of selected 
posterior ophthalmic inflammatory conditions after excluding conjunctivitis. 
Notes: Characteristics of the least squares line between prevalence (y) and annual average concentration of atmospheric sulphur dioxide (x, mg/m3) for blepharitis, 
y ¼ 1:161xþ 39:986(n = 9, r2 = 0.478, p = 0.020, solid line); lacrimal inflammation, y ¼ 3:522 � 0:14x (n = 9, r2 = 0.476, p = 0.020, dotted line); scleritis, 
y ¼ 0:078xþ 0:528 (n = 9, r2 = 0.478, p = 0.020, hatched line). NB, some data points overlap. Characteristics of the least squares line between prevalence (y) and annual 
average concentration of atmospheric carbon monoxide (x, mg/m3) for conjunctivitis, y ¼ 1:328xþ 31:063 (n = 9, r2 = 0.501, p = 0.016, solid line); blepharitis, 
y ¼ 25:237 � 0:941x (n = 9, r2 = 0.493, p = 0.018, dashed line); lacrimal inflammation, y ¼ 2:108 � 0:093x (n = 9, r2 = 0.504, p = 0.016); uveitis with retinitis, 
y ¼ 0182xþ 3:472 (n = 9, r2= 0.604, p = 0.007); endophthalmitis, y ¼ 0:042x � 0:168 (n = 9, r2 = 0.468, p = 0.021); optic neuritis, y ¼ 7:103 � 0:239x (n = 9, r2 = 
0.588, p = 0.008). For clarity, least squares lines for lacrimal inflammation, uveitis with retinitis, endophthalmitis and optic neuritis are excluded. NB, some data points 
overlap. Characteristics of the least squares line between prevalence (y) and annual average concentration of atmospheric sulphur dioxide (x, mg/m3) for uveitis with retinitis, 
y ¼ 0:182xþ 3:472 (n = 9, r2 = 0.640, p = 0.005, solid line); optic neuritis, y ¼ 11:269 � 0:275x (n = 9, r2 = 0.363, p = 0.043, dot-dash line); endophthalmitis, 
y ¼ 0:099 � 0:559 (n = 9, r2 = 0.631, p = 0.005, dashed line). NB, some data points overlap.
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blepharitis, and lacrimal inflammation were negative, implying that increasing formaldehyde concentrations may provide 
some protective effects against the factors triggering these conditions.

Surprisingly, the prevalence of optic neuritis, orbital inflammation, blepharitis, and lacrimal inflammation was 
negatively associated with levels of certain pollutants. Figures 3b, 4b and c, 5 and 6 indicate that decreases in the 
atmospheric concentrations of these pollutants were linked to an increase in the prevalence of the four conditions. Could 
these pollutants be providing some protection against the development of these conditions, or are these associations 
driven by other factors, creating a false impression of a protective effect? It is important to note that a negative 
correlation does not necessarily imply a negative causal relationship.

Figure 5 Annual average levels of PM10 and prevalence of selected posterior ophthalmic inflammatory conditions after excluding conjunctivitis. 
Notes: Characteristics of the least squares line between prevalence (y) and annual average concentration of atmospheric PM10 (x, mg/m3) for uveitis with retinitis, 
y ¼ 0:269x � 0:466 (n = 9, r2 = 0.639, p = 0.005, solid line); optic neuritis, y ¼ 15:197 � 0:173x (n = 9, r2 = 0.563, p = 0.001, dashed line); lacrimal inflammation, 
y ¼ 5:216 � 0:081x (n = 9, r2 = 0.620, p = 0.006, dotted line); endophthalmitis, y ¼ 0:052x � 1:545 (n = 9, r2 = 0.681, p = 0.003, dot-dash-dot line); orbital inflammation, 
y ¼ 3:257 � 0:046x (n = 9, r2 = 0.546, p = 0.012, dash-dot-dot-dash line). NB, some data points overlap.

Figure 6 Annual average levels of formaldehyde and prevalence of selected inflammatory conditions after excluding conjunctivitis. 
Notes: Characteristics of the least squares line between prevalence (y) and annual average concentration of atmospheric formaldehyde (x, mg/m3) for keratitis, 
y ¼ 2:206xþ 43:203 (n = 9, r2 = 0.494, p = 0.017, solid line); optic neuritis, y ¼ 10:267 � 0:817x (n = 9, r2 = 0.690, p = 0.003, dashed line); lacrimal inflammation, 
y ¼ 3:007 � 0:289x (n = 9, r2 = 0.665, p = 0.004, dotted line); endophthalmitis, y ¼ 0:241x � 0:122 (n = 9, r2 = 0.775, p < 0.001). For clarity, the least squares line for 
endophthalmitis has been excluded. NB, some data points overlap.
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Study Limitations
This study is limited by several factors, including age, gender, the number of cases, pre-existing health conditions of attendees, 
and psychosocial issues that may have influenced the biological response to air pollutants. Seasonal allergies, influenza 
outbreaks, and other potential confounding factors may have influenced hospital admissions; however, these variables were 
not included due to there being a lack of comprehensive data. Future studies should aim to incorporate such factors to provide 
a more comprehensive understanding of their impact. Additional limitations include methods for sampling air pollutant 
concentrations, prevailing conditions during sampling, solar radiation, atmospheric stability, and location. While an observational 
study is useful for exploring potential links between exposure and outcomes, it carries the risk of reverse causality or undetected 
bias.1 Nevertheless, this study offers valuable insights into the relationship between temperature changes, air pollutant exposure, 
and the prevalence of acute ophthalmic infections.

Future Research Directions
Future studies should explore the effects of air temperature and pollution on different age groups and patients with congenital 
diseases to provide more detailed insights. However, due to data limitations, such subgroup analyses were not feasible in the 
present study.

Comparative studies examining the impact of air temperature and pollution on ophthalmic inflammation across 
different Polish cities with varying pollution levels would provide valuable insights. However, due to data availability 
constraints, our study focused solely on the population of Katowice.

Conclusion
Exposure to typical concentrations of air pollutants commonly found in an urban setting, along with rising air temperatures, 
contributes to the prevalence of acute inflammatory eye diseases.
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