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This 5-year ecological study assessed the association between meteorological factors and
rhegmatogenous retinal detachment (RRD) frequency in 571 eyes of 543 cases of primary RRD at

the Jikei University Kashiwa Hospital, Japan. We examined the monthly and seasonal distributions

of RRD frequency using one-way analysis of variance. We then evaluated the relationship between
monthly RRD frequency and 36 meteorological parameters using Poisson regression analysis.
Furthermore, we developed multivariate regression models to predict the frequency of RRD based on
specific meteorological parameters. There were no significant differences in the monthly and seasonal
distributions (monthly, P =0.99; seasonal, P=0.77). The following eight parameters were associated
with a lower RRD frequency: average sea level barometric pressure and average daily variation of
average temperature, maximum temperature, maximum wind speed, maximum instantaneous wind
speed, humidity, average sea level barometric pressure, and minimum sea level barometric pressure
(P <0.05). The best model to predict RRD frequency showed sufficient validity (Akaike’s information
criterion with correction for small sample size =332.0) and predictive power (proportion of variance
explained by cross-validation method = 84.82%, 95% Cl 72.18-93.72). In conclusion, low atmospheric
pressure and high meteorological stability are significantly associated with a higher frequency of RRD.
In addition, the Poisson regression analysis showed sufficient validity and predictability for predicting
RRD frequency.

The retina is a thin, multi-layer tissue located at the back of the eyeball; it is composed of 10 layers from the
inner limiting membrane to the retinal pigment epithelium'. When humans see an image, the retina captures
the image and converts it into signals, which are then sent to the brain?®. Retinal detachment (RD) is a condition
in which the retina is pulled away from its normal position and is defined as the separation of the neurosensory
retina from the retinal pigment epithelium®*. When RD occurs due to round holes, tears, or breaks in the retina,
the RD is classified as rhegmatogenous RD (RRD)>.

RRD is one of the most serious and major ophthalmological diseases, which can lead to irreversible loss of
vision in the absence of appropriate treatment>®. The annual RRD incidence varies across different ethnicities
and geographical regions, ranging from 6.3 to 18.2 cases per 100,000 persons, as reported in studies conducted
in both Western and Asian countries’. An epidemiological study from Japan reported an RRD incidence of 16.5
(21.9 in male and 11.7 in female patients) per 100,000 persons with a mean patient age of 54.4 years'.

Multiple factors can influence RD occurrence; these include myopia, cataract surgery, trauma, intraocu-
lar inflammation, retinal breaks, and vitreoretinal disorders'’'2. Researchers have also studied the associa-
tion between meteorological factors and RD frequency by analyzing its monthly and seasonal variations!*-!.
These studies have focused on identifying meteorological parameters that may have a significant effect on RD
frequency'>!1%18-22_ Although several such studies have been conducted across the globe, the association between
meteorological factors and RD frequency remains controversial®>?*, Moreover, no similar studies have been
conducted in Japan.
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Herein, we first investigated the association between meteorological factors and RD frequency in Japan.
Additionally, multivariate regression models with varying numbers of meteorological parameters were developed
to predict RRD frequency.

Methods

Ethical approval. This was a retrospective ecological study, approved by the Institutional Review Board of
the Jikei University School of Medicine and was conducted in accordance to the principles of the Declaration
of Helsinki [approval number: 32-224 (10305)]. According to the Ethical Guidelines for Medical and Health
Research Involving Human Subjects (the Japanese Ministry of Health, Labour and Welfare), it was not necessary
to get informed consent from each research subject as this study did not involve intervention and neither uti-
lized human biological specimens nor special care-required personal information. Instead, we posted the docu-
ments approved by the Institutional Review Board of the Jikei University School of Medicine on the website and
announced the information of this research on the bulletin board in our hospital. We guaranteed the subjects the
right to refuse participation in this study at any time. The parents/legally authorized representatives of subjects
that are under age of 20 were also guaranteed the right to refuse.

Patient eligibility criteria. We reviewed the medical records of patients who were diagnosed with primary
RRD at the Department of Ophthalmology, the Jikei University Kashiwa Hospital, Kashiwa, Japan. The study
period was defined as January 2015 to December 2019, using the date of surgical treatment. Since almost all
patients with RRD underwent surgery in our hospital, only a few patients with RRD with no surgical history
were excluded from the analysis. We also excluded patients diagnosed with secondary RRD (traumatic, trac-
tional, and iatrogenic RD) and those with primary RRD if an accurate day of onset (within a 1-week range) could
not be determined. Patient characteristics in the medical records included age, sex, and day of RRD onset. We
defined day of onset as the day when the first RRD-related symptom (e.g., floaters, visual field defect, distortion,
blurred vision, photopsia, and decline of visual acuity) appeared. Instances of recurrent RRD in the same patient
were counted as additional cases.

Meteorological data. We obtained data on 12 daily meteorological parameters from the Japan Mete-
orological Agency (https://www.data.jma.go.jp/gmd/risk/obsdl/index.php), namely average temperature (°C),
maximum temperature (‘C), minimum temperature (C), amount of precipitation (mm), duration of sunshine
(h), average wind speed (m/s), maximum wind speed (m/s), and maximum instantaneous wind speed (m/s) in
Abiko City, and average vapor pressure (hPa), humidity (%), average sea level barometric pressure (hPa), and
minimum sea level barometric pressure (hPa) in Chiba City. These locations (Abiko and Chiba) were the nearest
observation sites to Kashiwa city, for which meteorological data were available.

Statistical analysis. We investigated the monthly and seasonal variations in RRD frequency (eyes per
month/eyes per season). For the analysis, a year was divided into four seasons: spring (March, April, and May);
summer (June, July, and August); autumn (September, October, and November); and winter (December, Janu-
ary, and February). Monthly and seasonal comparison of RRD frequency was performed using one-way analysis
of variance with Python 3.7.6. Values of P <0.05 were considered statistically significant.

Subsequently, we predicted RRD frequency (eyes per month) from meteorological parameters with a Poisson
regression model, using Python 3.7.6 and MATLAB 9.1. First, we calculated RRD frequency and average mete-
orological parameters for each month. In addition, we reconstituted monthly variation (MV) and average daily
variation (ADV) of each month for each meteorological parameter. MV was calculated as the difference between
the parameters for the current and previous months. ADV for each day was calculated as the difference between
the parameters for the current and previous days. We used the absolute value to calculate variation in order to
avoid canceling values. The monthly RRD frequency was used as the response variable and the average meteoro-
logical parameters with two types of variation parameters were used as the explanatory variables. We conducted
a univariate analysis for each parameter pair, and those with P <0.05 were considered statistically significant.

Lastly, we performed a multivariate analysis, using three types of multivariate regression models: Models A,
B, and C; Model A included all 36 parameters as explanatory variables; Model B included parameters that were
significantly correlated (P <0.05) with RRD frequency in the univariate analysis; Model C, in which the effect
of multicollinearity was excluded, did not include the significantly correlated explanatory variables from Model
B if the variance inflation factor (VIF) > 5. In each model, we calculated the Akaike’s information criterion with
correction for small sample size (AICc), Bayesian information criterion (BIC), proportion of variance explained
(VE), and proportion of variance explained by cross-validation method (CV-VE)*-%. For the calculation of
CV-VE, the 5-year data were randomly divided into training (80%) and test (20%) data. We calculated VE by
substituting test data into the model created using the training data, which was then defined as CV-VE. Further-
more, we applied the leave-one-out cross-validation method to determine the validity of each model.

Results

Patient demographics. In total, medical records of 571 eyes in 543 primary RRD cases were obtained
for the study, among which there were 185 women (34.1%) and 358 men (65.9%). The average patient age was
56.10+13.67 (15-92) years. Further, 322 (56.4%) right eyes and 249 (43.6%) left eyes were included in the analy-
sis, and there were 28 (4.9%) cases of recurrent RRD.

Scientific Reports |

(2021) 11:9559 | https://doi.org/10.1038/s41598-021-88979-x nature portfolio


https://www.data.jma.go.jp/gmd/risk/obsdl/index.php

www.nature.com/scientificreports/

(a)

14

12

10
8
6
4
2
0

1 2 3 4 5 6 7 8 9 10 11
35
30
25
20
15
10
5
0

Spring Summer Autumn Winter

Average number of patients

12

(b)

Average number of patients

Figure 1. Distribution of rhegmatogenous retinal detachment frequency. (a) Monthly distribution, with
months indicated on the horizontal axis. (b) Seasonal distribution. (a,b) There are no significant differences
among monthly and seasonal variations. The average annual frequency of rhegmatogenous retinal detachment is
indicated on the vertical axis.

RRD frequency (monthly and seasonal distribution). The monthly RRD frequency (eyes per month)
was highest in July (n=11.6) and the lowest in February (n=7.8) (Fig. 1a). The seasonal RRD frequency (eyes
per season) was the highest in summer (n=31.4) and lowest in winter (n=26.6) (Fig. 1b). However, there were
no statistically significant differences within the monthly and seasonal distributions (monthly, P =0.99; seasonal,
P=0.77).

Univariate Poisson regression analysis. Using univariate analyses, the following eight parameters
were found to be associated with a lower RRD frequency (eyes per month): average sea level barometric pres-
sure, average daily variation of average temperature, maximum temperature, maximum wind speed, maximum
instantaneous wind speed, humidity, average sea level barometric pressure, and minimum sea level barometric
pressure (P <0.05) (Table 1). In other words, as the average sea level barometric pressure decreased and stability
of the seven parameters increased, the frequency of RRD significantly increased.

Multivariate Poisson regression analysis. Three models of multivariate analyses to predict RRD fre-
quency (eyes per month) showed that prediction accuracy improved by reducing the parameters (Table 2).
Model A, which used all 36 variables, had the following values: AICc=472.4, BIC=422.1, VE=96.0%, and
CV-VE=-73.86% (95% CI-625.61-83.96%). In contrast, Model B, which used only eight significantly cor-
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Average meteorological parameters Monthly variation Average daily variation

Coefficient | P-value | 95% CI Coefficient | P-value | 95% CI Coefficient | P-value | 95% CI
Average temperature (‘C) 0.0080 0.141 —0.003 to 0.019 0.0045 0.650 —0.015t00.024 | —0.2845 0.012 —0.506 to—0.063
Maximum temperature (‘C) 0.0089 0.120 —0.002 to 0.020 0.0046 0.646 —-0.015t00.024 | -0.1780 0.028 —0.337t0o-0.019
Minimum temperature (‘C) 0.0072 0.151 —0.003 to0 0.017 0.0048 0.610 —-0.013t00.023 | —0.1283 0.090 —-0.277 t0 0.020
Amount of precipitation (mm) -0.0037 0.792 —0.032 to 0.024 0.0048 0.656 —0.016 t0 0.026 | 0.0003 0.971 -0.017t0 0.018
Duration of sunshine (h) -0.0010 0.976 —0.066 to 0.064 —-0.0006 0.981 —-0.051 t0 0.050 | —0.0514 0.350 —0.159 to 0.056
Average wind speed (m/s) —-0.0506 0.680 —0.291 t0 0.190 —-0.1439 0.290 —-0.411t00.123 | -0.2876 0.167 —0.696 to 0.121
Maximum wind speed (m/s) —-0.0580 0.382 —0.188 t0 0.072 -0.0713 0.307 —-0.208 t0 0.065 | —0.2320 0.017 —0.446 to—-0.061
Maximum instantaneous wind speed (m/s) | —0.0490 0.182 —0.121 to0 0.023 —-0.0252 0.455 —0.091 t0 0.041 | —0.1312 0.008 —0.423 to—0.041
Average vapor pressure (hPa) 0.0078 0.133 —-0.002 t0 0.018 0.0057 0.538 —-0.012t0 0.024 | —0.0633 0.372 —0.229t0-0.034
Humidity (%) 0.0019 0.640 —0.006t0 0.010s | —0.0040 0.469 —-0.015t0 0.007 | —0.0252 0.039 —0.202 to 0.076
g:’;;;‘ge sea level barometric pressure ~0.0232  [0.036 | -0.045t0-0.002 |-0.0155 |0.257 | -0.042t00.011 | -0.0931  |0.002 | —0.049 to—0.001
(Mhipr:)m“m sealevel barometric pressure | g 0551|0094 | -0.048t00.004 | -0.0067 | 0624 | -0033t00020 | -0.0883 | 0001 | ~0.152t0~0.034

Table 1. Univariate analysis of 36 meteorological parameters and frequency of rhegmatogenous retinal
detachment. CI confidence interval.

Model Variables AICc BIC VE CV-VE (95% CI)

Model A All variables (n=36) 472.37 | 422.05 |96.03% —73.86% (—625.61 to 83.96%)
Model B Variables with P <0.05 in univariate analysis (n=8) 337.38 | 352.63 |89.05% 83.76% (70.72 to 93.16%)
Model C Correlated variables in Model B were removed (n=6) 331.97 | 344.48 | 89.04% 84.82% (72.18 t0 93.72%)

Table 2. Three types of multivariate regression models. AICc Akaike’s information criterion with correction
for small sample size, BIC Bayesian information criterion, CI confidence interval, CV-VE proportion of
variance explained by cross-validation method, VE proportion of variance explained.

related variables, had the following values: AICc=337.4, BIC=352.6, VE=89.1%, and CV-VE=83.8% (95% CI
70.72-93.16%), with a marked improvement in CV-VE. Among the eight significantly correlated parameters,
two pairs showed multicollinearity: maximum instantaneous wind speed (ADV) and maximum wind speed
(ADV; VIF=5.6, r=0.91), and minimum sea level barometric pressure (ADV) and average sea level barometric
pressure (ADV; VIF=9.33, r=0.94). After removal of maximum wind speed (ADV) and average sea level baro-
metric pressure (ADV) used in Model B, Model C included the remaining six parameters as explanatory vari-
ables: average sea level barometric pressure, average daily variation of average temperature, maximum tempera-
ture, maximum instantaneous wind speed, humidity, and minimum sea level barometric pressure. Model C had
the following values: AICc=332.0, BIC=344.5, VE=89.0%, and CV-VE=84.82% (95% CI 72.18-93.72%), with
improved AICc, BIC, and CV-VE as compared to Model B. According to model C, the predicted RRD frequency
was calculated using the following formula:

In(predicted RRD incidence [eyes per month] )
= (—0.011) x (station barometricpressure[hPa]) + (—0.002) x (ADV of average temperature [°C]) + (—0.117)

x (ADV of maximum temperature[°C]) + (—0.033) x <ADV of maximum instantaneous wind speed {ED
s
+ 0.035 x (ADV of humidity[%]) + (—0.102) x (ADV of minimum sea level barometricpressure[hPa]) + 13.594

Predicted onsets of each model, calculated using the leave-one-out cross-validation method, were compared
with observed onsets by time course (Fig. 2). Predictive power improved from Model A to Model C, as param-
eters were reduced.

Discussion
In this study, we analyzed the monthly and seasonal variations in RRD frequency as well as the association of
meteorological factors and primary RRD frequency. The key findings of our study include the following: (1) no
significant differences were found within monthly or seasonal variations of RRD frequency; (2) low atmospheric
pressure and high stability (low ADV) of the seven meteorological parameters significantly affected the increase
in RRD frequency; and (3) RRD frequency can be predicted based on specific meteorological parameters with
excellent reliability and predictability using a Poisson regression model.

This study, performed in Kashiwa, Japan, showed that the highest RRD frequency was observed in summer
and lowest in winter (Fig. 1). However, no significant differences were observed within monthly or seasonal
variations in RRD frequency. Previous studies have also investigated monthly and/or seasonal variations in RD
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Figure 2. Time course epidemic curves for multivariate regression models. The observed rhegmatogenous
retinal detachment (RRD) frequency is shown by the black dashed line. RRD frequency predicted using the
leave-one-out cross-validation method in Model A (using all 36 meteorological parameters), Model B (using
eight meteorological parameters), and Model C (using six meteorological parameters, excluding the effect of
multicollinearity from Model B) are shown by light, medium, and dark gray solid lines, respectively. The vertical
axis indicates the monthly RRD frequency. The predictive power increased from Model A to Model C, as the
parameters were reduced.

frequency in different geographical regions, reporting contradictory results'>!7-1921-2%2428 Several studies from
Lebanon'’, Finland?®, Spain?!, India'®, and Taiwan'® have reported a significant increase in RD frequency during
warmer seasons (spring and/or summer) compared with colder seasons (fall and/or winter). In contrast, two
studies from Turkey* and Croatia®® reported no significant seasonal variations, and one study from Kuwait'®
reported a significant increase in the winter. Although the underlying cause of these seasonal variations has
not been elucidated, several hypotheses have been suggested. One hypothesis is that ultraviolet light, which is
abundant in summer, heats the vitreous and retina, induces posterior vitreous detachment, and results in RD'S.
Another hypothesis attributes changes in RD frequency to the seasonal change in behavior patterns (i.e., physi-
cal activities associated with meteorological factors' and frequency of eye rubbing'”?). In summary, analysis
of monthly and seasonal variations is insufficient to explain the association between meteorological factors and
RD frequency, as these parameters may vary across regions.

To explain this association more precisely, we performed univariate analyses between 36 meteorological
parameters and RRD frequency, identifying eight meteorological parameters that had significant negative coef-
ficients. Among these, seven parameters could be categorized as ADVs. Although previous studies have also
analyzed the association between meteorological parameters and RD frequency'>~'8?%23, they have reported
inconsistent results'*~%?22%, Some studies reported that RD frequency was associated with sunlight exposure,
ambient temperature, and atmospheric pressure!>!¢1522 whereas two studies reported no correlation with ambi-
ent temperature, relative humidity, precipitation, or sunlight exposure!'”?*. In our study, we observed a negative
correlation between atmospheric pressure and RD frequency, as previously reported'®. The correlation between
ambient temperature and RD frequency is also controversial: we observed no correlation, which was similar
to some previous findings'”*; positive correlation was observed in one study'®; and a negative correlation was
observed in another'®. Although there is some consensus on the mechanisms that may result in the seasonal vari-
ation of RD frequency, conflicting findings have made it difficult to conclusively determine how meteorological
parameters influence RD frequency. Interestingly, our study showed that seven meteorological parameters (ADV)
showed a significant negative correlation with RRD frequency, suggesting that meteorological stability plays an
important role in RRD frequency. We speculated that meteorological stability would lead to an increase in physi-
cal activity, which in turn would result in vitreous instability. Instead of attributing changes in RRD frequency
to individuals or a set of meteorological parameters, we hypothesize that the effect of overall meteorological
stability may better explain our findings.

We developed three types of multivariate regression models using several meteorological parameters to pre-
dict RRD frequency. The third model (Model C) showed excellent AICc, BIC, CV-VE, and sustained VE using
only six meteorological parameters, indicating that it could be used for predicting monthly RRD frequency with
an accuracy of 84.82% (95% CI 75.18-93.72%). Our findings strongly suggest that a multivariate regression model
is highly effective for predicting RRD frequency.

Our study had some limitations owing to its single-center study design. Our data had a selection bias because
our hospital medicated patients with RRD with surgery and studied patients who underwent surgery. Also, it was
difficult to fully analyze the effects of confounders because this was an ecological study that analyzed aggregated
data’!. There was no control for individual level confounders including smoking, comorbidity such as diabetes,
socioeconomic status, and other similar factors. Some non-meteorological factors, such as some annual events
which affect lifestyle or physical activity, may affect seasonal variations in the number of patients with RRD as
previously suggested*>**. Further large-scale, multicenter, and prospective studies are necessary to establish a
precise multivariate regression model that can predict monthly and daily RRD frequency.
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In conclusion, this was the first study to investigate the association between meteorological parameters and
RRD frequency in Japan. Our findings showed that specific meteorological parameters such as low atmospheric
pressure and high meteorological stability have a significant correlation with high RRD frequency. In addition,
we established the validity of our multivariate regression model (using six meteorological parameters) for the
prediction of RRD frequency.

Data availability
The datasets generated and/or analyzed for this study are available from the corresponding author upon reason-
able request.

Received: 26 January 2021; Accepted: 20 April 2021
Published online: 05 May 2021

References
1. Kolb, H., Fernandez, E. & Nelson, R. Webvision: The Organization of the Retina and Visual System (University of Utah Health
Sciences Center Copyright, 1995).
2. Wu, S. M. Synaptic transmission in the outer retina. Annu. Rev. Physiol. 56, 141-168 (1994).
3. D’Amico, D. J. Clinical practice. Primary retinal detachment. N. Engl. . Med. 359, 2346-2354 (2008).
4. Feltgen, N. & Walter, P. Rhegmatogenous retinal detachment—An ophthalmologic emergency. Dtsch. Arztebl. Int. 111, 12-21
(2014).
5. Rowe, J. A. et al. Retinal detachment in Olmsted County, Minnesota, 1976 through 1995. Ophthalmology 106, 154-159 (1999).
6. Tornquist, R., Stenkula, S. & Tornquist, P. Retinal detachment. A study of a population-based patient material in Sweden 1971-1981.
1. Epidemiology. Acta Ophthalmol. (Copenh.) 65, 213-222 (1987).
7. Mowatt, L., Shun-Shin, G. & Price, N. Ethnic differences in the demand incidence of retinal detachments in two districts in the
West Midlands. Eye (Lond.) 17, 63-70 (2003).
8. Polkinghorne, P. J. & Craig, J. P. Northern New Zealand rhegmatogenous retinal detachment study: Epidemiology and risk factors.
Clin. Exp. Ophthalmol. 32, 159-163 (2004).
9. Wong, T. Y, Tielsch, J. M. & Schein, O. D. Racial difference in the incidence of retinal detachment in Singapore. Arch. Ophthalmol.
117, 379-383 (1999).
10. Haga, A., Kawaji, T, Tsutsumi, T., Ideta, R. & Tanihara, H. The incidence of rhegmatogenous retinal detachment in kumamoto,
Japan between 2009 and 2011. J. Clin. Exp. Ophthalmol. 8,2 (2017).
11. Daien, V., Le Pape, A., Heve, D., Carriere, I. & Villain, M. Incidence, risk factors, and impact of age on retinal detachment after
cataract surgery in France: A National Population Study. Ophthalmology 122, 2179-2185 (2015).
12. Ripandelli, G. et al. Cataract surgery as a risk factor for retinal detachment in very highly myopic eyes. Ophthalmology 110,
2355-2361 (2003).
13. Jonkers, G. H. Seasonal variations in the occurrence of retinal detachments. Ophthalmologica 115, 308-318 (1948).
14. Paavola, M., Chehova, S. & Forsius, H. Seasonal variations in retinal detachment in Northern Finland and Novosibirsk. Acta
Ophthalmol. (Copenh.) 61, 806-812 (1983).
15. Al Samarrai, A. R. Seasonal variations of retinal detachment among Arabs in Kuwait. Ophthalmic Res. 22, 220-223 (1990).
16. Thelen, U.,, Gerding, H. & Clemens, S. Rhegmatogenous retinal detachments. Seasonal variation and incidence. Ophthalmologe
94, 638-641 (1997).
17. Mansour, A. M. et al. Seasonal variation of retinal detachment in Lebanon. Ophthalmic Res. 41, 170-174 (2009).
18. Lin, H. C. et al. Seasonality of retinal detachment incidence and its associations with climate: An 11-year nationwide population-
based study. Chronobiol. Int. 28, 942-948 (2011).
19. Prabhu, P. B. & Raju, K. V. Seasonal variation in the occurrence of rhegmatogenous retinal detachment. Asia Pac. J. Ophthalmol.
(Phila.) 5, 122-126 (2016).
20. Kim, D. Y. et al. The association between the frequency of rhegmatogenous retinal detachment and atmospheric temperature. J.
Ophthalmol. 2020, 2103743 (2020).
21. Sevillano-Torrado, C., Viso, E., Moreira, S., Blanco, M. J. & Gude, F. Rhegmatogenous retinal detachment and solar radiation in
Northwestern Spain. Ophthalmologica 243, 51-57 (2020).
22. Ghisolfi, A., Vandelli, G. & Marcoli, E Seasonal variations in rhegmatogenous retinal detachment as related to meteorological
factors. Ophthalmologica 192, 97-102 (1986).
23. Ivanisevi¢, M., Erceg, M. & Eterovi¢, D. Rhegmatogenous retinal detachment and seasonal variations. Acta Med. Croatica 56, 49-51
(2002).
24. Erdol, H., Uzlu, D. & Kola, M. Characteristics and seasonal variations of rhegmatogenous retinal detachment in the eastern black
sea region of Turkey: 8-year results. Turk. J. Ophthalmol. 50, 94-98 (2020).
25. Sugiura, N. Further analysts of the data by akaike’s information criterion and the finite corrections: Further analysts of the data by
Akaike’s. Commun. Stat. Theory Methods 7, 13-26 (1978).
26. Akaikei, H. In Proc. 2nd International Symposium on Information Theory 267-81.
27. Schwarz, G. Estimating the dimension of a model. Ann. Stat. 6, 461-464 (1978).
28. Laatikainen, L., Tolppanen, E. M. & Harju, H. Epidemiology of rhegmatogenous retinal detachment in a Finnish population. Acta
Ophthalmol. (Copenh.) 63, 59-64 (1985).
29. Hida, T, Tano, Y., Okinami, S., Ogino, N. & Inoue, M. Multicenter retrospective study of retinal detachment associated with atopic
dermatitis. Jpn. J. Ophthalmol. 44, 407-418 (2000).
30. Auger, N, Rhéaume, M. A., Bilodeau-Bertrand, M., Tang, T. & Kosatsky, T. Climate and the eye: Case-crossover analysis of retinal
detachment after exposure to ambient heat. Environ. Res. 157, 103-109 (2017).
31. Munnangi, S. & Boktor, S. W. StatPearls (StatPearls Publishing LLC., 2021).
32. Mattioli, S. et al. Physical exertion (lifting) and retinal detachment among people with myopia. Epidemiology 19, 868-871 (2008).
33. Saidkasimova, S., Mitry, D., Singh, J., Yorston, D. & Charteris, D. G. Retinal detachment in Scotland is associated with affluence.
Br. J. Ophthalmol. 93, 1591-1594 (2009).

Acknowledgements
We would like to thank the patients for their participation in this study. This work was supported by a Grant
from Alcon Japan Ltd. given to H.H.

Scientific Reports |

(2021) 11:9559 | https://doi.org/10.1038/s41598-021-88979-x nature portfolio



www.nature.com/scientificreports/

Author contributions

M.I. collected, analyzed, and interpreted the data, and drafted the manuscript. H.H. and S.K. critically reviewed
the study design and drafted the manuscript. Y.S. and Y.Y. contributed to data collection and interpretation. H.G.
conceived and supervised the study. T.N. revised the manuscript critically for important intellectual content. All
authors have read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:9559 | https://doi.org/10.1038/s41598-021-88979-x nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association of meteorological factors with the frequency of primary rhegmatogenous retinal detachment in Japan
	Methods
	Ethical approval. 
	Patient eligibility criteria. 
	Meteorological data. 
	Statistical analysis. 

	Results
	Patient demographics. 
	RRD frequency (monthly and seasonal distribution). 
	Univariate Poisson regression analysis. 
	Multivariate Poisson regression analysis. 

	Discussion
	References
	Acknowledgements


