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Purpose: Present study aimed to investigate the presence of seasonal variation in the prevalence of rhegmatogenous retinal detachment (RRD) and to analyze the associations of such variations with meteorological variables.
Methods: Nationwide insurance claims data from July 2014 to June 2017 were reviewed. All patients who underwent surgery for RRD
were included, but those with a history of ocular trauma were excluded. Meteorological parameters were acquired from the Korea Meteorological Administration. Average monthly temperature (℃), humidity (%), and hours of sunlight were included in the analysis.
Results: In total, 39,410 cases among 32,088 patients were included in this study. RRD reached peak prevalence in the spring, whereas
its lowest prevalence was observed in the winter. The highest prevalence was observed in concert with a temperature range of 20℃ to
25℃, 60% to 70% humidity, and 160 to 200 hours per month of sunlight, and less than 100 mm per month of rainfall. The prevalence of
RRD decreased with extreme temperature and humidity and increased rainfall.
Conclusions: The prevalence of RRD in Korea exhibits seasonal variations and appears related to meteorological variables. The occurrence of RRD is reduced in extreme weather conditions that limit physical activity. These results show that understanding seasonal and
climatic effects on the development of RRD can aid in its prevention and assist in early diagnosis.
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Introduction
Rhegmatogenous retinal detachment (RRD) is a condition
in which vitreous-derived fluid enters the subretinal space
through an open rupture and separates the retina from the
retinal pigment epithelium [1]. It is a major cause of gross
defective vision worldwide [2]. Known risk factors for RRD
include posterior vitreous detachment (PVD), peripheral
retinal degeneration, atrophic retinal hole or break, myopia,
cataract surgery, trauma, outdoor activity, intraocular inflammation, and a wide range of familial vitreoretinal disorders [3-8].
It has been unclear whether seasonal variation or meteorological factors affect the prevalence of RRD. Thus far,
seasonal variations of RRD have been reported in several
studies [4-10]. In some studies, the RRD prevalence demonstrated a summer peak and winter nadir [4-8]; however, in
others, no seasonal variation was found [9,11-13]. Some research also noted a winter peak and a summer nadir, in direct
contrast with the results of the majority of the literature [10].
Weather parameters may play a role in the development of
spontaneous RRD, but it is not yet clear whether a seasonal or
meteorological predilection exists for the occurrence of RRD.
The purpose of this study was to investigate the effect of
seasonal variation on the occurrence of RRD and, if such an
effect exists, to elucidate the meteorological factors involved
in such a phenomenon. Further evaluations of allergic disease patients were also performed in order to evaluate the influences of non-meteorological environmental factors, such
as pollen.

Materials and Methods
Data source
National Health Insurance (NHI) is a universal health insurance system in South Korea. All Korean citizens are registered in the Korean National Health Insurance Service database. The Health Insurance Review and Assessment Service
(HIRA) is a government organization under the NHI, which
reviews medical bills of health care services [14]. The HIRA
database includes data on demographic factors (age, sex, and
household income) and medical factors (diagnosis, history of
procedures or surgeries, and drug prescriptions) [14].

Statement of ethics
The authors conducted this study with the approval of the
Institutional Review Board of Yonsei University College of
Medicine (IRB No. CR318308), and the study respected the
tenets of the Declaration of Helsinki. The authors performed
their investigation without the need to obtain informed
consent because all data used in this study were fully anonymized before they were provided to the authors.

Data collection
We selected patients who underwent retinal detachment
surgery, as recorded in the HIRA database, between July 1,
2014 and June 31, 2017. For each patient, RRD was identified
by the codes S5122, S5121, S5130, combined with the code
H33.0. H33.0 (retina detahcment [RD] with retinal break;
H33.0 includes H33.00, H33.01, H33.02, H33.04, and H33.09)
is the diagnostic code for RRD, while S5130 (RD surgery;
encircling and scleral buckling), S5121 (vitrectomy, total), and
S5122 (vitrectomy, partial) are the surgical codes for RRD.
Patients with a history of ocular trauma (S05) or intraocular
foreign body (H44.6 and H44.7) were excluded. S05 includes
S05.2 (ocular laceration and rupture with prolapse or loss of
intraocular tissue), S05.3 (ocular laceration without prolapse
or loss of intraocular tissue), S05.4 (penetrating wound of
the orbit, with or without foreign body), S05.5 (penetrating
wound of the eyeball with foreign body), S05.6 (penetrating
wound of the eyeball without foreign body), and S05.7 (avulsion of the eye).
Meteorological parameters were acquired from the Korea
Meteorological Administration, which provides past weather information as open-source data [15]. Data concerning
average monthly temperature (℃), humidity (%), and hours
of sunlight from July 2014 to June 2017 were acquired and
included in the analysis.
Hypertension and diabetes were defined using International Classification of Diseases, 10th revision (ICD-10),
diagnosis codes for hypertension (I10) and diabetes (E08-13)
were present, combined with prescriptions for antihypertensive or diabetes medications. Other medical conditions, such
as allergic rhinitis and atopic dermatitis, were defined when
patients had an ICD-10 diagnosis code corresponding to the
disease, regardless of the prescribed medications.

Statistical analysis
Statistical analysis was performed using SAS Enterprise Guide
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6.1 (SAS Institute Inc., Cary, NC, USA), and p-values of less
than 0.05 were considered statistically significant. The chisquared test or Fisher’s exact test was used to compare RRD
cases on the basis of seasonal or meteorological variables.

mean age of RRD patients was 52.9 ± 16.3 (36.6-69.2) years,
with a slight male predominance (55.4%). A total of 6.04%
of patients had atopic dermatitis; the majority of patients had
allergic rhinitis.

Results

Monthly and seasonal variations in the surgical repair of RRD
The monthly prevalence of RRD was highest in March and
lowest in February (p < 0.001) (Fig. 2A and Table 2). In other

10,400
10,200
10,000
9,800
9,600
9,400
9,200
9,000

B

2014. 07. 01-2017. 06. 30
RRD surgery patients
n = 32,911
Past history of ocular trauma
or intraocular foreign body
n = 823
n = 32,088
(39,410 cases)

Monthly variation in RRD

Ju
ly
Au
g
Se ust
pte
mb
e
Oc r
tob
No er
ve
mb
De er
ce
mb
er

3,600
3,500
3,400
3,300
3,200
3,100
3,000
2,900
2,800

Ja
nu
ar
Fe y
bru
ary
M
arc
h
Ap
ril
M
ay
Ju
ne

Number of RRD cases (n)

A

Number of RRD cases (n)

A total of 32,911 patients with RRD were identified. After
excluding 823 patients with ocular trauma and ocular foreign
bodies, 39,410 cases among 32,088 patients were included for
analysis from July 2014 to June 2017. It is important to note
that the number of RRD surgery cases was 39,410, while the
number of RRD patients was 32,088; in other words, the number of RRD surgery cases included bilateral RRD or cases involving reoperation. Fig. 1 shows a flowchart of the case-identification process.
Patient demographics are summarized in Table 1. The

Seasonal variation in RRD
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Figure 1. Flow chart showing the case identification process. RRD =
rhegmatogenous retinal detachment.

Figure 2. Monthly and seasonal variation in rhegmatogenous retinal
detachment (RRD) incidence. (A) Monthly variation in RRD. (B) Seasonal variation of RRD.

Table 1. Demographic data of patients who underwent surgery for

Table 2. Number of RRD surgery cases per month in Korea from

RRD

July 2014 to June 2017

Value
Age (year)
52.94 ± 16.33
Male sex
21,818 (55.36)
Hypertension
5,464 (13.86)
Diabetes mellitus
4,204 (10.67)
Heart failure
1,908 (4.84)
Hepatic disease
5,281 (13.40)
Renal failure
2,154 (5.47)
Dementia
1,201 (3.05)
Stroke
4,202 (10.66)
Malignancy
2,712 (6.88)
Atopic dermatitis
2,380 (6.04)
Values are presented as mean ± standard viation or number (%).
RRD = rhegmatogenous retinal detachment.

Number of cases
January
3,237
February
3,023
March
3,495
April
3,329
May
3,432
June
3,263
July
3,223
August
3,398
September
3,235
October
3,402
November
3,160
December
3,213
RRD = rhegmatogenous retinal detachment.
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Percentage (%)
8.21
7.67
8.87
8.45
8.71
8.25
8.18
8.62
8.21
8.63
8.02
8.15
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words, the occurrence of retinal detachment peaks during
the spring months but reaches a yearly low during the winter
months (Fig. 2B). All 3 years analyzed showed a similar seasonal pattern, and the difference in seasonal prevalence during
each of the 3 years was not statistically significant (p = 0.6815).

butions (Fig. 3B). The prevalence of RRD was highest when
the humidity was between 60% and 70% and lowest when it
was above 80%. Hours of sunlight were also associated with
the prevalence of RRD; RRD was highest when the hours
of sunlight were between 160 and 200 hours per month and
lowest when the hours of sunlight were between 80 and 120
hours per month (Fig. 3C). Finally, rainfall and RRD showed
positively skewed distributions (Fig. 3D). The peak prevalence of RRD occurred when less than 100 mm of rainfall per
month was recorded, and the prevalence of RRD demonstrated a continuous reduction with increased amounts of rainfall.

RRD prevalence according to meteorological variables
The average monthly temperature, humidity, hours of
sunlight, and rainfall were all closely associated with the
development of RRD (all factors p < 0.001). The average
temperature and prevalence of RRD showed a slight bimodal
distribution (Fig. 3A). The prevalence of RRD was highest
when the average monthly temperature was between 20℃
and 25℃ (27.23%) and lowest when the average monthly
temperature was below 0℃ (5.29%). Meanwhile, humidity
and the prevalence of RRD demonstrated bell-shaped distri-
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Figure 3. Analysis of the risk of retinal detachment according to meteorological parameters: (A) temperature (℃), (B) humidity (hr), (C) sun hours (h),
and (D) rainfall (mm). RRD = rhegmatogenous retinal detachment.
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Figure 4. Monthly and seasonal incidence of rhegmatogenous retinal detachment in patients with and without atopic dermatitis. RRD = rhegmatogenous retinal detachment.

matitis had the highest peak in prevalence over the summer
months, while the lowest prevalence was apparent during the
fall months (Fig. 4).

Discussion
In this study, 32,088 patients who underwent 39,410 RRD
operations were evaluated to assess the impact of seasonal
variations and weather factors on the prevalence of RRD. In
comparison with previous studies, this study included the
highest number of patients to date and provides an analysis
of meteorological factors in concert with seasonality, which
is a novel aspect of this research.
Several conditions are required for RRD development,
which involves a full-thickness retinal break as well as
liquefied vitreous and a tractional force to facilitate retinal
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detachment [16]. One well-known factor promoting these
conditions is PVD. In cases of spontaneous RRD, PVD generally occurs prior to the development of RRD [16]. Mitry
et al. [17] stated that more than 85% of cases of RRD were
linked to PVD. During the formation of PVD, the vitreous
moves within the vitreous cavity and a tractional force could
be applied to the retina where the vitreous remains attached;
importantly, this phenomenon may lead to retinal breaks and
RRD [16,18]. Additionally, head movement and severe eye
movement can place traction loads on the retina, increasing
the risk of RRD onset [19]. We believe that PVD and eye and
head movements are important factors in interpreting the
results of this paper.
A variety of previous studies have sought to identify the relationship between RRD and the seasons. Some studies have
shown that RRD is most prevalent during the summer and
that its lowest prevalence exists during the winter [4-8]. These
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studies also reported light- or temperature-related vitreoretinal
changes or increased outdoor activity levels as possible causes
of RRD [4-8]. One study documented an RRD peak during
the winter, indicating a possible effect of temperature [10]. In
other studies, the prevalence of RRD did not show seasonal
differences [9,11-13]. In the present study, the prevalence of
RRD was highest during the spring season, followed by in
the summer, fall, and winter, respectively. We found that the
prevalence of RRD was greatest in March and lowest in February; this sudden change may be a result of increased rates of
physical activity in concert with nicer weather. Notably, physical activity and weekly leisure-time energy expenditures are
significantly greater during spring and summer than during
winter and fall [20, 21].
The prevalence of RRD was closely associated with average temperature, humidity, hours of sunlight, and rainfall.
Rahman et al. [22] suggested that PVD is associated with
increased temperature. and Auger et al. [23] documented
increased tractional retinal detachment rates with elevated
temperatures. In the present study, peak RRD prevalence
was observed when the mean monthly temperature was
20℃ to 25℃; however, when the mean temperature topped
25℃, the prevalence of RRD experienced a sudden reduction. Both Rahman et al. [22] and Auger et al. [23] performed
their studies while considering temperatures under 25℃.
The risk of PVD might increase with temperature; however,
in extreme temperatures, physical activity is restricted [24].
The reduction in activity in extreme temperature conditions
may have caused the occurrence of RRD in the spring, rather than in the summer, in the present study.
Many studies have investigated the relationship between
humidity and RRD outbreaks [7,8,22]. However, Rahman et
al. [22] suggested that PVD is not associated with humidity.
Additionally, in contrast with the available findings regarding temperature, knowledge of the association between
humidity and physical activity is more limited [25]. In this
study, humidity showed a bell-shaped association with peak
RRD prevalence at 60% to 70%. It is unclear whether humidity itself directly affects the occurrence of RRD.
Ghisolfi et al. [4] and Thelen et al. [5] suggested light to
be a precipitating factor for RRD development. Taketani et
al. [8] also found that the prevalence of RRD was associated
with increased hours of sunlight. However, Rahman et al. [22]
suggested that PVD was not associated with solar radiation.
In the present study, hours of sunlight and the prevalence of
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RRD exhibited a bell-like association curve, with a maximum prevalence rate at 160 to 200 hours of sunlight per
month. Importantly, these results concerning humidity and
hours of sunlight are based on the climate characteristics of
Korea: in the winter, it is cold and dry due to the continental
high pressure; in the summer, it is hot and humid due to the
North Pacific high pressure [26]. Therefore, the lower prevalence of RRD in the summer and winter could be correlated
with more limited physical activity in the summer and winter relative to that in the spring and fall.
Rainfall was negatively associated with the prevalence of
RRD. Prabhu and Raju [7] also reported that the prevalence
of RRD was associated with low amounts of rainfall. Tucker and Gilliland [27] reported that one day of rain does not
affect physical activity, but continuous rain does. In Korea,
most rainfall occurs in the summer. In 2017, the total annual amount of rainfall was 967.8 mm, 609.7 mm of which
occurred during the summer season [28]. It is possible that,
because of this unique weather phenomenon in Korea (unlike
the weather documented in other, similar studies), the prevalence of RRD was relatively higher in the spring than in the
summer.
In this study, the prevalence of RRD was highest in March
and lowest in February, and this sudden change in RRD
prevalence was deemed fascinating. The average temperatures in Korea in February and March are 1.92℃ and 6.70℃,
respectively. Such a sudden increase in temperature is expected to increase activity and contribute to higher rates of
RRD. However, there are also other factors that the authors
suspect may be social factors influencing activity rates in
Korea. Schools in Korea begin a semester in March, and
graduation is concentrated in February. These social factors
may also trigger changes in activity levels, which can affect
the risk of developing RRD. In addition, as the weather becomes warmer, patients are more comfortable with visiting
the hospital, which also may cause an increase in documented RRD cases.
Notably, 6.04% of patients had atopic dermatitis, which is
a well-known risk factor for RRD [29]. We considered the
possibility of other factors, such as pollen, in addition to the
meteorological, environmental factors. Thus, we compared
the prevalence of RRD in patients with and without atopic
dermatitis. Although there was no difference in monthly
RRD prevalence rates between atopic and nonatopic patients, the recorded seasonal differences were significant.
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In patients with atopic dermatitis, the prevalence of RRD
was highest during summer and lowest during fall. Heat
and sweating, cold weather, and pollen are risk factors for
aggravating atopic dermatitis [30]. In patients with atopic
dermatitis, extreme weather acts as an exacerbating factor,
suggesting that RRD frequencies in the summer and winter
among patients with atopic dermatitis are higher than in
those without atopic dermatitis. In the future, it is necessary
to investigate differences in the occurrence of RRD according to the presence or absence of pollen or dust.
There were several limitations to this study. First, an occurrence of error or loss in coding is possible. If the operation
was performed based on the diagnosis of vitreous hemorrhage, these patients would not have been included in this
study. Furthermore, patients in this study were impossible to
distinguish from those with primary RRD, bilateral RRD,
or re-detachment of RRD. Second, the period of observation
time was short; we could only review 3 years of RRD surgeries due to the limited data available from HIRA. Third, this
study did not consider pseudophakia or degrees of myopia.
Despite these limitations, however, this study was a nationwide analysis including a large number of patients and
allowed for the evaluation of the seasonality of RRD prevalence in Korea, which has not been previously assessed.
The prevalence of RRD in Korea has seasonal variations,
with the highest prevalence occurring in the spring and the
lowest prevalence occurring in the winter. The prevalence
of RRD is associated with meteorological factors, such as
temperature, humidity, hours of sunlight, and rainfall, and
is reduced in extreme weather conditions that limit physical
activity. In patients with atopic dermatitis, the prevalence of
RRD was highest in the summer and lowest in the fall. Understanding seasonal and climatic impacts on the development of RRD can aid with its prevention and early diagnosis.
Additional research focusing on the pathophysiology of RRD
is needed to determine its etiology in greater detail.

References
1. Algvere PV, Jahnberg P, Textorius O. The swedish retinal detachment register. I. A database for epidemiological and clinical
studies. Graefes Arch Clin Exp Ophthalmol 1999;237:137-44.
2. Li X; Beijing Rhegmatogenous Retinal Detachment Study Group.
Incidence and epidemiological characteristics of rhegmatogenous retinal detachment in Beijing, China. Ophthalmology
2003;110:2413-7.
3. Mitry D, Charteris DG, Fleck BW, et al. The epidemiology of rhegmatogenous retinal detachment: geographical variation and
clinical associations. Br J Ophthalmol 2010;94:678-84.
4. Ghisolfi A, Vandelli G, Marcoli F. Seasonal variations in rhegmatogenous retinal detachment as related to meteorological
factors. Ophthalmologica 1986;192:97-102.
5. Thelen U, Gerding H, Clemens S. Rhegmatogenous retinal detachments. Seasonal variation and incidence. Ophthalmologe
1997;94:638-41.
6. Laatikainen L, Tolppanen EM, Harju H. Epidemiology of rhegmatogenous retinal detachment in a finnish population. Acta
Ophthalmol (Copenh) 1985;63:59-64.
7. Prabhu PB, Raju KV. Seasonal variation in the occurrence of
rhegmatogenous retinal detachment. Asia Pac J Ophthalmol
(Phila) 2016;5:122-6.
8. Taketani Y, Inamochi K, Mayama C, et al. The frequency of idiopathic retinal detachment has seasonal variation and correlated
with climate-a survey in Japan. Acta Ophthalmologica 2013 Aug
6. doi: 10.1111/j.1755-3768.2013.F020.x. [Epub ahead of print]
9. Ivanisević M, Erceg M, Eterović D. Rhegmatogenous retinal
detachment and seasonal variations. Acta Med Croatica
2002;56:49-51.
10. Al Samarrai AR. Seasonal variations of retinal detachment
among Arabs in Kuwait. Ophthalmic Res 1990;22:220-3.
11. Törnquist R, Stenkula S, Törnquist P. Retinal detachment. A study
of a population-based patient material in Sweden 1971-1981. I.
Epidemiology. Acta Ophthalmol (Copenh) 1987;65:213-22.
12. Zou H, Zhang X, Xu X, et al. Epidemiology survey of rhegmatogenous retinal detachment in Beixinjing District, Shanghai, China.

Conflicts of Interest
The authors declare no conflicts of interest relevant to this
article.

Retina 2002;22:294-9.
13. Manners S, Ng JQ, Kemp-Casey A, et al. Retinal detachment
surgery in Western Australia (2000-2013): a whole-population
study. Br J Ophthalmol 2017;101:1679-82.
14. Kim L, Kim JA, Kim S. A guide for the utilization of health insurance review and assessment service national patient samples.
Epidemiol Health 2014;36:e2014008.

90

https://doi.org/10.21561/jor.2021.6.2.84

Choo HG, et al. Seasonal variation in retinal detachment

15. Korea Meteorological Administration (KMA). Domestic climate
data. Average year data (30 years); [Internet]. KMA; 2010 [cited
2021 Jan 15]. Available from: http://www.weather.go.kr/weather/
climate/average_30years.jsp.
16. Kirchhof B, Oh KT, Hartnett ME, Landers MB III. Pathogenetic

the eye: case-crossover analysis of retinal detachment after exposure to ambient heat. Environ Res 2017;157:103-9.
24. Baranowski T, Thompson WO, DuRant RH, et al. Observations on
physical activity in physical locations: age, gender, ethnicity, and
month effects. Res Q Exerc Sport 1993;64:127-33.

Mechanisms of Retinal Detachment. In: Ryan SJ, Sadda SR, Hin-

25. Chan CB, Ryan DA. Assessing the effects of weather conditions

ton DR, Schachat AP, Wilkinson CP, Wiedemann P, eds. Retina,

on physical activity participation using objective measures. Int J

5th ed. Philadelphia: Saunders/Elsevier, 2013;1616-21.

Environ Res Public Health 2009;6:2639-54.

17. Mitry D, Singh J, Yorston D, et al. The predisposing pathology

26. Korea Meteorological Administration (KMA). Domestic climate

and clinical characteristics in the Scottish retinal detachment

data. Korea’s climate; [Internet]. KMA; 2021 [cited 2021 Jan 15].

study. Ophthalmology 2011;118:1429-34.

Available from: https://www.weather.go.kr/weather/climate/

18. Hilford D, Hilford M, Mathew A, Polkinghorne PJ. Posterior vitreous
detachment following cataract surgery. Eye (Lond) 2009;23:1388-92.
19. Vroon J, de Jong J, Aboulatta A, et al. Numerical study of the
effect of head and eye movement on progression of retinal detachment. Biomech Model Mechanobiol 2018;17:975-83.

average_south.jsp.
27. Tucker P, Gilliland J. The effect of season and weather on physical activity: a systematic review. Public Health 2007;121:909-22.
28. Statistics Korea Government Official Work Conference. State
affairs monitoring indicators. Precipitation trend; [Internet]. Sta-

20. O’Connell SE, Griffiths PL, Clemes SA. Seasonal variation in phys-

tistics Korea Government Official Work Conference; 2021 [cited

ical activity, sedentary behaviour and sleep in a sample of UK

2021 Jan 15]. Available from: http://www.index.go.kr/potal/

adults. Ann Hum Biol 2014;41:1-8.

main/EachDtlPageDetail.do?idx_cd=1401.

21. Pivarnik JM, Reeves MJ, Rafferty AP. Seasonal variation in adult leisure-time physical activity. Med Sci Sports Exerc 2003;35:1004-8.

29. Garrity JA, Liesegang TJ. Ocular complications of atopic dermatitis. Can J Ophthalmol 1984;19:21-4.

22. Rahman R, Ikram K, Rosen PH, et al. Do climatic variables influ-

30. Ballardini N, Kull I, Söderhäll C, et al. Eczema severity in preado-

ence the development of posterior vitreous detachment? Br J

lescent children and its relation to sex, filaggrin mutations, asth-

Ophthalmol 2002;86:829.

ma, rhinitis, aggravating factors and topical treatment: a report

23. Auger N, Rhéaume MA, Bilodeau-Bertrand M, et al. Climate and

https://doi.org/10.21561/jor.2021.6.2.84

from the BAMSE birth cohort. Br J Dermatol 2013;168:588-94.

91

