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The study investigated the seasonal variations of presenting symptoms and signs of dry eye disease
(DED) in Norway. 652 consecutive DED patients examined between August 2012 and May 2015 in
Oslo, Norway, were included. Presenting symptoms and signs were related to the season according
to when each patient was examined. Weather report data from the examination day were compared
with the presenting symptoms and signs. Oslo’s mean seasonal temperatures during spring,

summer, fall, and winter were 6.4 °C, 15.6 °C, 9.3 °C, and - 2.1 °C, respectively. Dry eye severity level
and self-reported symptoms measured by the Ocular surface disease index questionnaire did not
differ between seasons. Schirmer | was lower during summer than in other seasons (P <0.01). The
percentage of patients with a pathological tear meniscus height (<0.2 mm) was higher during fall

(P <0.01) and lower during winter (P <0.05) compared to the other seasons. Signs and symptoms of
DED generally did not correlate with weather report data, although intraocular pressure was weakly
associated with mean daily air temperature (r=- 0.22; P <0.001). Neither dry eye severity level nor dry
eye symptoms differ between seasons in Oslo, Norway. However, some parameters for assessing DED
show seasonal variations (Schirmer | and tear meniscus height), which are essential to consider when
examining patients with DED.

Abbreviations

DED Dry eye disease

MGD Meibomian gland dysfunction

REC The Regional Committee for Medical & Health Research Ethics, Section C, South East Norway
OSDI Ocular surface disease index

TFBUT Tear film break-up time

OPI Ocular protection index

DESL Dry eye severity level

The hallmark of dry eye disease (DED) is hyperosmolar tears due to tear evaporation', which initiates ocu-
lar surface damage and inflammation. The pathogenesis includes a cascade of events that leads to goblet cell/
epithelial cell damage, loss of glycocalyx, and the recruitment of T-lymphocytes!. The prevalence of DED is
estimated to range between 5 and 50%, depending on the populations studied and criteria used, and increases
with age and female sex?. Dry eye symptoms in terms of burning, dry, gritty, itching, irritated, sandy, and tired
eyes are among the most commonly reported complaints in the eye clinic’. The two main forms of DED are the
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Spring Summer Fall Winter Sum/mean P-value
Number of patients | 216 52 167 217 652 -
Age (years) 52.3+16.9 |53.9+164 |51.5+17.1 |51.5+16.5 |52.0+16.8 (range 8-91) | 0.80°
Female/male 124/92 13/39® 87/80 143/74¢ 367/285 <0.001°¢

Table 1. Study demographics. Spring: March, April, and May; Summer: June, July, and August; Fall:
September, October, and November; Winter: December, January, and February; *One-way analysis of variance;
ba higher proportion of male patients than expected (P <0.001; Chi-square test); “Chi-square test.

Spring Summer Fall Winter P-value
Air temperature (°C) 6.4+5.1 15.5+1.8" 6.9+4.6 -23+4.1° <0.001*
Relative air humidity (%) 68.1+16.9 68.7+12.4 83.8+8.0¢ 84.3+£9.6 <0.001*
Hours of sunshine 59+4.6 8.4+5.0° 51+3.8 1.6+2.4¢ <0.001*
Wind speed (m/s) 29+1.0 25+0.5 3.0+ 1.8f 2.5+1.3¢% <0.001*

Table 2. Seasonal weather report data from Oslo between 2012 and 2015. *One-way analysis of variance;
5P<0.001 compared to all other seasons (Tukey post hoc test); °P<0.001 compared to all seasons except
Spring (Tukey post hoc test); 4P<0.001 compared to all seasons except Winter (Tukey post hoc test); °P<0.001
compared to all other seasons (Tukey post hoc test); {P<0.05 compared to Summer and Winter; 8P<0.01
compared to Spring and Fall (Tukey post hoc test).

aqueous deficiency and the evaporative type'. Aqueous deficiency can be seen in Sjogren’s syndrome and after
radiation therapy to the lacrimal glands. Causes of evaporative DED are either endogenous, i.e., meibomian
gland dysfunction (MGD), or external, i.e., environmental factors. Environmental causes of dry eyes consist of
low humidity, wind, air pollution, and allergens®*. It has been proposed that DED patients are susceptible to
environmental changes®.

As a range of environmental factors can aggravate DED, it is expected that patients with DED show seasonal
variation in their severity of symptoms and signs of dry eyes. In a large multicenter study by Kumar and co-
workers that included 3.4 million consultations across the continental United States (US), the prevalence of dry
eyes in US veterans was highest during winter/spring and lowest during summer’. The highest monthly preva-
lence was seen during April. Also, in a study from the Greater Boston Area, U.S., the severity of symptoms of dry
eyes was found to be highest during winter®. In Bologna, Italy, symptoms of ocular discomfort were reported to
be highest between November and February and between June and August®. Based on Google trend data in the
United States, Canada, United Kingdom, and Australia, dry eyes searches on the internet also showed a slight
seasonal variation with the highest incidence during summer®. In a multicenter study in Japan, on the other
hand, no seasonal variation was found in the prevalence of DED®. A Danish study also reported a lack of varia-
tion in the prevalence of dry eyes, as indicated by reduced break-up time and increased lissamine green staining
during winter compared to summer'’. Thus, there are conflicting reports concerning seasonal variation in DED.

The current study represents the largest single-center study on seasonal variation of DED severity. It includes
652 patients examined at the Norwegian Dry Eye Clinic in Oslo between August 2012 and May 2015. Further-
more, it is the first to investigate if MGD, the most common cause of DED, displays seasonal variation.

Results
Patient demographics. Patient demographics are shown in Table 1.

Seasonal weather data. Weather report data from Oslo are summarized in Table 2.

Correlations between weather report data and clinical tests. Weather report data correlated the
strongest with intraocular pressure, which was weakly associated with mean air temperature (C°) (r=- 0.22;
P<0.001), and wind speed (r=- 0.14; P<0.015) (Table 3). Tear meniscus height correlated weakly with mean
air temperature (r=—0.12; P=0.004). Dry eye severity level was marginally associated with relative air humidity
(%) (r=0.09; P=0.032). Symptoms of DED as measured by the self-reported OSDI were not associated with any
of the weather report data parameters.

Symptoms and signs of dry eye disease according to season. Neither self-reported symptom load
(OSDI) nor dry eye severity level (DESL) differed between seasons (Table 4). Schirmer I was lower during sum-
mer than during all other seasons (P<0.01). The percentage of patients with tear meniscus height <0.2 mm was
higher during fall (29%) compared to other seasons (P<0.001). Intraocular pressure was higher during winter
than during summer and fall (P<0.05).
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Air temperature Relative air

() humidity (%) Hours of sunshine | Wind speed (m/s)

r P-value |r P-value |r P-value |r P-value
Ocular surface disease index -0.012 0.771 0.027 |0.523 —0.041 | 0.360 -0.070 | 0.090
Dry eye severity level 0.016 0.684 0.085 | 0.032 —-0.076 | 0.084 —-0.048 |0.231
Tear film breakup time -0.013 0.750 -0.016 | 0.687 —0.030 | 0.493 0.039 |0.326
Ocular protection index 0.035 0.389 —0.009 | 0.824 0.016 | 0.717 -0.017 | 0.677
Schirmer I —-0.048 0.229 -0.021 | 0.601 0.031 | 0.481 0.022 | 0.582
Tear meniscus height (% <0.2 mm) -0.115 | 0.004 | —0.039 | 0.334 -0.020 | 0.653 0.019 |0.632
Ocular surface staining -0.014 0.720 0.029 | 0.457 —-0.049 | 0.267 -0.014 |0.727
Meibum expressibility 0.051 0.201 0.039 | 0.326 —0.042 | 0.346 -0.012 | 0.768
Intraocular pressure —-0.222 | <0.001 -0.016 | 0.785 -0.039 | 0.551 —-0.141 | 0.015

Table 3. Correlations between weather report data and symptoms and signs of DED. r Pearson correlation,
DED dry eye disease; Bold font =statistically significant.

Spring Summer | Fall Winter P-value
Ocular surface disease index 36.7+22.3 |31.6+19.4 |354+204 |351+21.5 |0.51*
Dry eye severity level 2.0+0.4 2.1+0.5 2.0£0.5 2.0£0.5 0.85%
Dry eye severity level 1 (% within season) | 8.5 10.2 10.2 10 -
Dry eye severity level 2 (% within season) | 81.5 71.4 75.8 75.4 -
Dry eye severity level 3 (% within season) | 9.5 18.4 14 14.7 -
Dry eye severity level 4 (% within season) 0.5 0 0 0 -
Tear film breakup time 5.0+3.9 6.7+10.1 5.6+3.9 49+39 0.34*
Ocular protection index 2.1+22 2.7+26 2.0%1.6 1.8+1.7 0.06*
Ocular surface staining 1.5+2.0 1.6+2.2 1.5+£2.0 1.7+2.1 0.67%
Schirmer I 16.1+£10.5 |10.1+7.5> |158+10.3 | 154103 |0.002*
Tear meniscus height (% <0.2 mm) 11.9 16.0 29.24 8.7 <0.001¢
Meibum expressibility 1.1+0.9 0.7+0.8 1.0+0.9 1.0+0.9 0.051*
Intraocular pressure 13.9+3.2 129+2.4 13.1+3.6 15.1+£3.7° | <0.001*

Table 4. Ocular symptoms and signs according to season. *One-way analysis of variance; "P<0.01 compared
to all other seasons (Tukey post hoc test); “Chi-square test; “higher percentage than expected (P<0.001; Chi-
square test); °P<0.05 compared to summer and fall (Tukey post hoc test); Bold font = statistically significant.

Discussion

Understanding factors that are associated with DED is important for accurate diagnosis, and optimal treatment,
of dry eye. Environmental factors such as high altitude'', exposure to wind"?, air pollution'*!*, and low rela-
tive humidity'® have been suggested to impact the DED. The current study was performed to assess whether
parameters used in clinical DES diagnosis have a seasonal pattern. We hypothesized that seasonal environmental
changes in temperature and humidity affect clinical parameters.

In the current study, DESL did not vary according to season. This is in line with two studies from Japan and
Denmark, where no seasonal variation in the prevalence of DED could be found®'°. The lack of a consistent
seasonal variation in DED could be related to a geographical impact. In the US, the prevalence of DED appeared
higher in the southern regions'®. In our study, all patients were examined at a single location. Hence no conclu-
sions on regional effects can be drawn. Although the prevalence of DED was not investigated in our study, an
increased prevalence of DED would be expected to be associated with a higher mean DESL. A large multicenter
study that included 3.4 million consultations across the continental United States, on the other hand, did show
a higher prevalence of dry eyes in US veterans during winter/spring than during summer’. The authors attrib-
uted the higher prevalence to be related to allergen exposure. Unfortunately, data on air allergen levels were not
available for comparison in the present study. Dry eye severity level was only weakly related to higher specific
humidity and was not associated with mean air temperature, average wind speed, or daily hours of sunshine in
our study. The lack of associations between DESL, seasons, and weather report data in our study could be partly
explained by the fact that the majority of the patients were classified as having DESL 2 (78%, data not shown).
DESL is scored using a four-level system, thus, potential minute variations in DED severity may not have been
detected with this scoring system.

In our study, self-reported symptoms of dry eyes, as measured by OSD], did not show significant differences
throughout the four seasons or with any single one of the weather report parameters. In the Greater Boston area,
symptoms of dry eyes worsened during winter, which the authors speculated was related to more windy condi-
tions, lower humidity, and lower air temperature®. A survey-based study in Sweden demonstrated that 47% of
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patients suffering from dry eye and/or Sjogren’s syndrome reported that they had the impression that seasonal
conditions had a high impact on their DED symptoms, compared to only 15% reporting no presumed seasonal
impact’”. Wind (71%), followed by sunshine (60%) and heat (42%), were the most common weather conditions
to reportedly impact on dry eye symptoms. In addition, cold weather also was suggested to aggravate DED
symptoms in 34% of patients. The general lack of moderate/strong associations between symptoms of DED and
weather conditions in our study, may, however, indicate that these environmental factors do not affect symptoms
of DED to any large extent. Other factors, including allergen exposure and air pollution, were not assessed in
this study but could represent relatively more important contributions to DED symptoms.

Signs of DED did not show a uniform variation throughout the various seasons in this study. Schirmer I and
tear meniscus height were the only DED signs that were significantly correlated with season or weather report
data. Schirmer I was lower during Summer compared to the remaining year. The known induction of tear secre-
tion through the activation of corneal cold thermoreceptors could support this finding'®. We also found a more
pathological tear meniscus height during fall, a season during which relative air humidity is high in Oslo. Hence,
this result is surprising given that tear evaporation is inversely related to relative air humidity'®. Thus, there must
be other aggravating factors that reduce tear meniscus height during the fall season in Oslo. A reduced ambient
temperature during fall could increase meibomian lipid viscosity and inhibit meibomian gland secretion, thereby
promoting tear evaporation due to a thinner tear lipid layer.

Intraocular pressure has been shown to increase during winter in normotensive individuals? and in patients
with ocular hypertension®"?2. The approximately 2 mmHg increase in IOP during winter compared to summer in
the current study is similar to what was shown in other studies on normotensive patients**?*. The mechanism of
higher IOP during winter has been hypothesized to be related to the pineal hormone melatonin, as its secretion
is inhibited by light and therefore reduced during summer?'.

Surprisingly, meibum expressibility was not associated with the current season or air temperature in our study.
This was expected since meibomian lipid viscosity, and its expressibility is related to temperature®!. Other reports
have shown higher meibum secretion following increased eyelid temperature by application of warm compresses.
Apparently, warm compresses reduce secrete stagnation by offering a short-term decrease in lipid viscosity. As
meibum expression was not reduced during winter, other factors may counteract the effect of temperature on
lipid viscosity. Consumption of dietary omega-3 fatty acids has been demonstrated to improve symptoms of
MGD?. Proposed mechanisms include the reduction of inflammation and alteration of the meibomian lipid
composition®. A study from Belgium demonstrated lower serum levels of omega-3 fatty acids during winter
than summer?, which would be expected to exacerbate MGD during winter. To our knowledge, the variation
of serum level of omega-3 fatty acids throughout the year in a Norwegian population has not been reported.
Finally, the ambient temperature in the offices of the Norwegian Dry Eye Clinic was not measured. However, it
is reasonable to assume that it stayed relatively constant throughout the year. Still, the indoor temperature may
be somewhat more important than the outdoor temperature regarding meibum expression. The latter may be
significant to consider during the colder seasons in Norway, during which people tend to stay indoors.

In conclusion, there was no apparent seasonal variation in the level of dry eye severity or self-reported
symptoms of dry eyes in patients being examined in Oslo, Norway. Certain parameters for assessing DED, on
the other hand, did show seasonal variations that should be considered when diagnosing DED. Further studies
including parameters on the indoor environment, as well as allergens and air pollution, could shed more light
on the magnitude of external influences on DED.

Methods

Patients. The study was conducted in accordance with the Declaration of Helsinki. Written informed con-
sent was obtained from all patients. The Regional Committee for Medical & Health Research Ethics, Section C,
South East Norway (REC) reviewed the use of the data for the study from the Norwegian Dry Eye Clinic. REC
determined that the research project “Evaluation of data from the Norwegian Dry Eye Clinic” is outside the
remit of the Act on Medical and Health Research (2008) and therefore can be conducted without its approval. A
letter of exemption by REC is provided. The study consecutively included patients with dry eye symptoms that
were examined for the first time at the Norwegian Dry Eye Disease Clinic in Oslo, Norway, between August 2012
and May 2015. Patients without symptoms of dry eye were excluded.

Ophthalmological examination. All included subjects were examined by one of two ophthalmologists
at the clinic and completed a self-report questionnaire on symptoms of ocular dryness (Ocular Surface Dis-
ease Index [OSDI]). The OSDI questionnaire includes 12 items on symptoms of ocular dryness, as reported
elsewhere”. All examinations were performed between 9 a.m. and 4 p.m. The ophthalmological examination
consisted of measuring tear film break-up time (TFBUT)*?, ocular staining (lissamine green and fluorescein)®,
meibum expressibility®!, Schirmer 1%, tear meniscus height, and intraocular pressure measured with iCare
tonometer. The ocular protection index (OPI)* and dry eye severity level (DESL) (Table 5)* were evaluated
based on the measurements. In this study, meibomian gland dysfunction was defined as having a pathological
score (>0) on meibum expressibility. Only scores from the right eye of each subject were used for analyses.

Meteorological data. Presenting symptoms and signs in each patient were related to the mean weather
report data from Oslo during the season in which the patient had been examined. Spring was defined as March,
April, and May, summer as June, July, and August, fall as September, October, and November, and winter as
December, January, and February. The weather report data were obtained from the Norwegian Meteorological
Institute and included air temperature, relative air humidity, hours of sunshine, and wind speed. In addition,
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Parameter Scoring method Pathological score
Drv eve severity level Four-level composite score based on ocular discomfort, visual disturbance, conjunctival injection, conjunctival/corneal 50
ey Y staining, other signs of corneal/tear pathology, signs of lid/meibomian gland pathology, TFBUT and Schirmer I
Ocular surface disease index 12 items on symptoms of ocular dryness (range: 0-100) >12
Tear film break-up time (TFBUT) The 1nterva'1 m'secgnd's between the lgst complete blink and the first appearance of a dry spot, or disruption in the tear <10
film following instillation of fluorescein
Ocular protection index TFBUT divided by the interblink interval (mean time in seconds between two complete blinks) <1
. Paper test strips are inserted in the lower lateral third of the conjunctival sac and the eyes are closed for 5 min. The wet-
Schirmer I . g R <10
ting of the paper strip is then measured in millimeters
- Following fluorescein instillation, the staining scores of the exposed cornea and interpalpebral conjunctiva are summa-
Ocular surface staining . . : >0
rized using the Oxford grading scheme (range: 0-15)
. e Five glands in the lower lid are evaluated according to the number of expressible glands: 0, all glands; 1, three to four
Meibum expressibility >0
glands; 2, one to two glands; and 3, no glands (score range: 0-3)
Tear meniscus height Measured in mm on the lower eye lid with a slit lamp microscope <0.2

Table 5. Ophthalmological work-up for dry eye disease.

weather report data from the exact day of examination in Oslo were correlated with the presenting symptoms
and signs.

Statistical analyses. Data are presented as mean + standard deviation (SD). One-way analysis of variance
with Tukey post hoc test (continuous variables) and chi-square test (dichotomous variables) was used for com-
paring symptoms and signs of DED during any one season with the rest of the year. Pearson’s correlation coef-
ficient (r) was used for correlating weather report data with symptoms and signs of DED. P <0.05 was considered
significant (SPSS ver. 21.0).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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