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Purpose: Our aim was to correlate the overall patient volume and the incidence of several 

ophthalmological diseases in our emergency department with weather data.

Patients and methods: For data analysis, we used our clinical data warehouse and weather 

data. We investigated the weekly overall patient volume and the average weekly incidence of 

all encoded diagnoses of “conjunctivitis”, “foreign body”, “acute iridocyclitis”, and “corneal 

abrasion”. A Spearman’s correlation was performed to link these data with the weekly average 

sunshine duration, temperature, and wind speed.

Results: We noticed increased patient volume in correlation with increasing sunshine dura-

tion and higher temperature. Moreover, we found a positive correlation between the weekly 

incidences of conjunctivitis and of foreign body and weather data.

Conclusion: The results of this data analysis reveal the possible influence of external conditions 

on the health of a population and can be used for weather-dependent resource allocation.
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Introduction
Several studies in other disciplines of medicine have established the influence of 

weather on patient volume or the incidence of diseases in emergency rooms.1–3 

A Chinese study has revealed more emergency department visits during higher tem-

peratures and heat waves.4 Moreover, the incidence of specific diagnoses has been 

correlated with meteorological data. One study has shown significant effects of cold 

and windy weather on the incidence of emergency calls regarding acute coronary 

syndrome or symptoms of elevated arterial blood pressure in an emergency medical 

service.2 Indeed, not only emergency medical service data but also emergency calling 

center data have shown that cold weather is often correlated with a higher incidence 

of hypertensive emergencies and acute coronary syndrome.1,2

A higher incidence of diseases is related not only to colder and windy weather but 

also to warmer weather. The amount of infectious diseases and headaches is increased 

during warm weather.5,6 To date, only two studies exist with regard to a correlation 

between patient volume or incidences and weather data in ophthalmological emergency 

rooms, namely, for the diagnosis “acute iridocyclitis”, which shows an increased 

incidence during colder weather, especially in the winter months.7,8

Since October 2012, all patient contacts in our emergency department have been 

recorded digitally in a custom-made electronic health record.9 All findings are exported 

into a data warehouse called the Smart Eye Database (SMEYEDAT), including clinical 
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data (eg, diagnoses, visit date, and visual acuity). By means 

of this database, we have the opportunity to monitor the daily 

patient volume and the incidence of selected urgent diagnoses 

during the period between January 2014 and July 2015.

Based on the availability of these data, we have posed the 

question as to whether meteorological data influence urgent 

ophthalmological disease. To answer this question, we cor-

related the overall patient volume and the incidence of major 

ophthalmological diseases coded by the International Classifi-

cation of Diseases, Tenth Edition (ICD-10) in our emergency 

department with selected weather data.10 The aim of this study 

has thus been to examine a potential correlation between oph-

thalmological conditions and selected weather variables.

Patients and methods
Patients
A SMEYEDAT query for patients treated for “conjunctivitis” 

(H10.x), “foreign corneal body” (T15.0), “acute and subacute 

iridocyclitis” (H20.x), and “corneal abrasion” (S05.0) between 

January 1, 2014, and July 31, 2015, was performed (ICD-10 

codes are given in brackets). Data were exported in a spread-

sheet for further statistical analysis. Only patients treated in 

our emergency department were included in the analysis. We 

performed a retrospective analysis with the collected data 

from our Smart Eye Database. Each visit of patients with the 

four ophthalmological emergency diagnoses was considered. 

Ethical approval was not required by the Institutional Review  

Board of University Eye Hospital Munich as this was a ret-

rospective study. Every patient admitted to our hospital signs 

a consent that his data can be used for research.

Meteorological data
The weather data were obtained from the “Deutscher Wet-

terdienst” (German Meteorological Office) and represent 

the data from the weather station at Munich airport. The 

dataset included hourly measurements of temperature (°C) 

and wind speed (m/s) to calculate the daily average. The 

sunshine duration in hours per day was also recorded. All 

weather parameters were measured 2 m above the ground.11 

The exported data from the German Meteorological Office 

were imported into our data warehouse.

Statistics
To determine a possible correlation between the clinical 

variables (overall patient volume and incidence) and weather 

data, a Spearman’s rank correlation test was used. The 

advantages of this method are that a determination of sta-

tistical distribution is unnecessary and it is unsusceptible to 

aberrations. The analysis reveals the Spearman’s rank correla-

tion coefficient “rho” (ρ), with its rank being located between 

(−1,1) and explains the strength and direction of a correlation. 

Moreover, a P-value is calculated. It refers to the probabil-

ity that the null hypothesis (“the weather has no influence 

on clinical variables”) is falsely accepted. A statistically 

significant result is assumed, if the P-value is #0.05. Because 

of the relatively low level of psychological strain associated 

with the selected urgent ophthalmological diseases, the 

presentation of the patient does not take place immediately. 

We therefore cannot match the onset of symptoms with the 

day of first presentation. In addition, during working days, 

many private clinics undertake the treatment of the selected 

diseases. To minimize the influence of aberrations between 

working days and weekends, we used the weekly mean value 

of the clinical variable for further evaluation. Therefore, the 

weather variable had to be adapted to a period of 1 week. We 

calculated the total number of sunshine hours per week and 

the weekly mean of the temperature and the wind speed in 

order to correlate these meteorological data with the incidence 

of the selected ophthalmological urgent diagnoses.

In addition to the incidence of diseases, SMEYEDAT 

delivered the mean age and sex of the selected patients. 

A  Wilcoxon signed-rank test was performed to examine 

a possible association of specific diagnosis with males or 

females. P#0.05 was regarded as statistically significant.

For all statistical analysis, the free software envi-

ronment “R” was used (Version 3.2.2, available online 

https://www.r-project.org/).

Results
In the period between January 1, 2014, and July 31, 2015, 

34,931 patients were treated in our emergency department. 

Figure 1 shows an overview of the daily average patient count 

for the observation period. The x-axis shows the timeline in 

days and the y-axis shows the number of persons per day. 

Figure 1 Daily mean patient volume during observation period.
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temperature that was higher by 1°C means 2.6 more patients 

per week in our emergency clinic. No correlation was 

detected between patient numbers and average wind speed 

per week (Table 3).

For the weekly incidence of conjunctivitis, the Spearman’s 

test revealed significantly more patients, when the weekly 

sunshine duration increased (ρ=0.46, P#0.01; Figure  4) 

and when a higher weekly average temperature prevailed 

(ρ=0.27, P=0.012; Figure 5). A gain of 3  h sunshine per 

week led on average to one more patient suffering from con-

junctivitis. An average increase of 3°C per week resulted in 

two more patients with the diagnosis “H10.x” being seen per 

week. No correlation was found for the weekly average wind 

speed. An overview of the results concerning the diagnosis 

of conjunctivitis is given in Table 4.

Moreover, the Spearman’s rank test showed a statisti-

cally significant correlation between the weekly incidence of 

foreign corneal bodies and two weather variables (Table 5). 

Increased weekly sunshine hours (ρ=0.31, P#0.01; Figure 6) 

and an augmented weekly average temperature (ρ=0.56, 

P#0.01) resulted in a higher number of foreign bodies in 

cornea cases (Figure 7). One more patient with a foreign 

corneal body per week was seen, when a weekly increase 

of one sunshine hour or 2°C was recorded. No significant 

correlation was detected for the weekly average wind speed. 

All results are presented in Table 4.

Table 1 Characteristics and number of patients between January 1, 2014, and July 31, 2015

Incidence, n Male:female, n (%) Sex ratio 
(male:female)

Average 
age ± SD

Total patient volume 34,931 18,523 (53):16,406 (47) 1:1 47.5±21.7
Conjunctivitis 3,379 1,583 (47):1,796 (53) 0:9 37.5±20.9

Foreign body in cornea 1,591 1,468 (92):123 (8) 11:9 37.8±13.6

Iridocyclitis 597 279 (47):318 (53) 0:9 48.5±18.5
Corneal abrasion 1,462 902 (62):506 (38) 1:8 37.1±20.3

Abbreviation: SD, Standard deviation.

Figure 2 Spearman’s correlation graph between the weekly patient volume and the 
weekly sunshine duration (hours) per week.

Table 2 Subdivision of all diagnosed conjunctivitis and iridocyclitis

Diagnosis (ICD-10 code) Incidence, n %

Mucopurulent conjunctivitis (H10.0) 530 15.7
Acute atopic conjunctivitis (H10.1) 347 11.1
Other acute conjunctivitis (H10.2) 503 14.9
Unspecified acute conjunctivitis (H10.3) 133 3.9
Chronic conjunctivitis (H10.4) 49 1.5
Blepharo conjunctivitis (H10.5) 70 2.1
Other conjunctivitis (H10.8) 1,278 37.8
Unspecified conjunctivitis (H10.9) 445 13.2
Acute and subacute iridocyclitis (H20.0) 466 78.3
Chronic iridocyclitis (H20.1) 31 5.2
Lens-induced iridocyclitis (H20.2) 0 0
Other iridocyclitis (H20.8) 21 3.5
Unspecified iridocyclitis (H20.9) 77 12.9

Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

The minimum number of patients per day was 28, whereas 

the maximum was 132. The mean value was 58 patients with 

a standard deviation of 12.54 patients.

The four selected ophthalmological emergency diagnoses 

were recorded 7,029 times. Table 1 shows the incidence of 

our diagnoses, the distribution of males and females including 

the sex ratio, and the average age with standard deviation. 

Regarding all diagnosed conjunctivitis and iridocyclitis, 

Table 2 provides an overview over the distribution of the 

subgroups. The material of “foreign bodies in cornea” was 

not recorded. The Wilcoxon signed-rank test showed a sta-

tistically significant difference between the weekly incidence 

of males and females suffering a foreign body in cornea 

(median male incidence per week ± SD [17±6.5]; median 

female incidence per week [1±1.2]; P#0.01).

The Spearman’s rank test showed a statistically signifi-

cant correlation between the overall patient volume and the 

two weather variables. An increase of the weekly sunshine 

hours led to a higher number of patients (ρ=0.44, P#0.01; 

Figure 2). Moreover, a correlation between patient volume 

and higher weekly average temperature was detected 

(ρ=0.29, P#0.01; Figure 3). As seen in the graph, an 

increase in one sunshine hour per week led to one additional 

patient in the same period. Furthermore, a weekly average 
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For the weekly incidence of the diagnosis iridocyclitis 

(Table 6) and corneal abrasion (Table 7), the Spearman’s rank 

test revealed no statistically significant correlations.

Discussion
In this study, we observed higher patient numbers during weeks 

with an increasing average temperature or sunshine duration. 

A GPS tracking study in Japan showed that the movement pro-

files of a population are dependent upon the weather.12 In total, 

31,855 GPS profiles were analyzed over a period of 1 year. 

The movement radius of the population on cold days (aver-

age temperature between −5°C and +5°C) was significantly 

lower, and the people spent more time indoor (eg, at home, in 

restaurants, and in shopping malls). If this finding is transferred 

to our population, an explanation for decreasing patient num-

bers during weeks with a lower weekly average temperature 

can be provided. People are more likely to stay indoors, and 

the emergency department might be too far outside the “bad 

weather movement radius”. As the evaluated diagnoses do 

not represent life-threatening diseases, patients might have a 

comfort zone, with some discomfort being tolerated.

Another study has correlated the daily distance covered 

by individuals with weather data.13 A gain in the average 

temperature leads to a higher distance covered. On the 

other hand, rainfall decreases the daily walking distance. 

Furthermore, a larger movement radius and a higher daily 

distance covered are found in outdoor activities, which carry 

a higher risk of injury. This could be another explanation for 

the correlation between higher patient numbers and increasing 

average temperatures or sunshine hours. Moreover, the higher 

number of foreign corneal bodies during better weather can be 

explained on the basis of the higher risk of injury occurring 

during outdoor activities.13

A statistically significant accumulation of the incidence of 

foreign body in cornea was found for males. Of all diagnoses 

coded as T15.0, 38% (=607 cases) were declared as occupa-

tional accidents, among which 600 patients were male. Com-

pared with all other patients, only 7% of all other cases were 

declared as industrial accidents. Thus, we concluded that a for-

eign corneal body is a typical occupational accident. According 

to the statistics of the “Statistisches Bundesamt Deutschland” 

(Federal German Office for Statistics), the building industry 

is the industry with the lowest number of female employees 

(15%).14 Moreover, fewer people work in the building sector 

during winter time. This might be another explanation for the 

higher incidence of T15.0 during periods of higher average 

sunshine and temperature and the association with males.

As a selection criterion for the diagnosis of conjunctivitis, 

we used the ICD-10 code H10.x, which included all kinds of 

Figure 4 Spearman’s correlation graph between the weekly incidence of 
conjunctivitis and the weekly sunshine duration (hours).
Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

°

Figure 5 Spearman’s correlation graph between the weekly incidence of conjunctivitis 
and the weekly average temperature.
Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

°

Figure 3 Spearman’s correlation graph between weekly patient volume and weekly 
average temperature.

Table 3 Spearman’s correlation between the weekly overall 
patient volume and the average weekly weather data

Patient 
volume

Correlation 
coefficient (ρ)

P-value

Sunshine duration 0.44 #0.01
Temperature 0.29 #0.01
Wind speed −0.17 0.118
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°

Figure 7 Spearman’s correlation graph between the weekly incidence of foreign 
body in cornea and the weekly average temperature.
Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

Table 4 Spearman’s correlation between the weekly incidence of 
conjunctivitis and the average weekly weather data

Conjunctivits 
(H10.x)#

Correlation 
coefficient (ρ)

P-value

Sunshine duration 0.46 #0.01
Temperature 0.27 0.012
Wind speed −0.17 0.125

Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

Table 6 Spearman’s correlation between the weekly incidence of 
iridocyclitis and the average weekly weather data

Iridocyclitis 
(H20.x)#

Correlation 
coefficient (ρ)

P-value

Sunshine duration 0.00 0.988
Temperature −0.09 0.430
Wind speed −0.18 0.101

Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

Table 5 Spearman’s correlation between the weekly incidence of 
foreign body in cornea and the average weekly weather data

Foreign body in 
cornea (T15.0)#

Correlation 
coefficient (ρ)

P-value

Sunshine duration 0.31 #0.01
Temperature 0.56 #0.01
Wind speed −0.17 0.133

Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

Table 7 Spearman’s correlation between the weekly incidence of 
corneal abrasion and the average weekly weather data

Corneal 
abrasion (S05.0)#

Correlation 
coefficient (ρ)

P-value

Sunshine duration 0.01 0.931
Temperature 0.03 0.759
Wind speed 0.01 0.912

Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

Figure 6 Spearman’s correlation graph between the weekly incidence of foreign 
body in cornea and the weekly sunshine duration (hours).
Note: #ICD-10 code.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.

and days of higher air pollution (eg, ozone).15–17 This occurs 

typically on days with higher sunshine duration and average 

temperatures. The amount of allergic conjunctivitis during 

the surveillance period was 11% of all encoded H10.x diag-

noses. Another explanation for this correlation is possibly the 

overall correlation of patient volume and increasing sunshine 

duration or temperature.

The literature describes a positive correlation between 

the incidence of iridocyclitis and cold weather or extreme 

weather changes.7,8 We were not able to confirm this 

relationship.

No studies exist concerning the weather and the incidence 

of corneal abrasion. In this investigation, we have not found 

a correlation between the incidence of this condition and 

the weather, although an association with males was found 

(visits per week [male:female], 208:40). Because of the 

high standard deviation of the results for corneal abrasion, a 

Wilcoxon analysis could not be performed. We have however 

established that the difference between males and females 

for corneal abrasion is statistically significant by using a 

Brown–Forsyth test (P,0.01). Overall, 17% of the cases of 

corneal abrasion were encoded as an accident occurring at 

work (average 6%). With regard to the higher numbers of 

traumatic formation, this might explain the higher incidence 

in males, as is the case in corneal foreign bodies.

Conclusion
During the 18-month observation period, we identified a posi-

tive correlation between the weekly overall patient volume 

or the incidence of two ophthalmological diagnoses (foreign 

body in cornea and conjunctivitis) and the meteorological 

conjunctivitis in the analysis (allergical, bacterial, and viral). 

Allergic conjunctivitis is considered to be an important factor 

for the positive correlation between conjunctivitis and the 

increase in sunshine and temperature. The incidence of aller-

gic conjunctivitis is significantly higher during pollination 
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data. The positive correlation in each case was statistically 

significant for the weekly sunshine duration and the weekly 

average temperature. Moreover, a higher incidence was 

detected for foreign body in cornea in males compared with 

females. The results of this data analysis may help to explain 

the influence of external conditions on the health of a popula-

tion. This knowledge can be used in the future for improved 

and weather-dependent staffing of emergency rooms.

Disclosure
The authors report no conflicts of interest in this work.
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