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Abstract 

Background: To determine the 12-year incidence of and trends in rhegmatogenous retinal detachment (RRD) requir-
ing surgery in Korea.

Methods: This was a nationwide, population-based, retrospective study. We identified 53,179 patients with incident 
RRD requiring surgery using the Korean National Health Claims Database from 2004 to 2015. We estimated the crude 
incidence rates and age- and sex-standardized incidence rates per 100,000 person-years in each year during the study 
period. A joinpoint regression analysis was performed to determine the trend.

Results: The average annual incidence rate was 9.78 (95% CI: 9.70–9.86). Male patients showed an incidence rate 
(10.68 [95% CI: 10.57–10.80]) 1.20 times that of female patients (8.87 [95% CI: 8.76–8.98]). The incidence showed a 
bimodal distribution; the highest peak was in the 60–64 year age group (23.77 [95% CI: 23.18–24.35]) and the second 
peak was in the 20–24 year age group (7.68 [95% CI: 7.41–7.95]). An increasing trend of RRD incidence was observed 
in the total population throughout the study period using joinpoint analysis (annual percentage change [APC], 2.05; 
95% CI: 0.7–3.4). The increasing trend was more prominent among individuals aged under 50 years (APC, 3.44; 95% CI: 
2.3–4.6), while among those aged 50 years or above, the increasing incidence was observed only in male patients.

Conclusions: In Korea, the incidence of RRD has increased recently. People in the < 50 year age group accounted for 
the major part of this significant increase, which is related to the increasing incidence of myopia in the young genera-
tion in Asia.
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Brief summary statement
An increasing trend in the incidence of rhegmatogenous 
retinal detachment was observed using data from Korean 
National Health Insurance service during the 12-year-
study period from 2004 to 2015. People younger than 
50 years were considered to account for a major portion 
of the increase in RRD cases.

Background
Rhegmatogenous retinal detachment (RRD) is poten-
tially a vision-threatening disease and one of the major 
causes of legal blindness. In the case of non-extensive 
RRD, pneumatic retinopexy and/or barrier laser photo-
coagulation can be successfully applied on an outpatient 
basis [1]. However, all RRD patients requiring surgical 
procedures such as scleral buckling, encircling, and pars 
plana vitrectomy are directly exposed to the risk of blind-
ness, and it is necessary to accurately understand the 
incidence trend of RRD requiring surgery. Previous stud-
ies have reported that the annual incidence rate of RRD 
ranged from 6.8 to 18.2/100,000 persons with high vari-
ations over time and region [2–5]. In Asian studies, the 
reported annual incidence rates were 8, 14.4, 10.5, 10.4, 
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and 10.4/100,000 for Beijing, Shanghai, Singapore, Japan, 
and Korea, respectively [6–10]. Currently, in Taiwan, the 
annual incidence of RRD is 16.40 per 100,000 persons 
according to data from the Taiwan National Health Insur-
ance Research Database (2000–2012), with a younger 
mean age than most Western countries. A younger age 
at onset can be associated with retinal detachment in 
patients with high myopia [11]. However, no significant 
trend of RRD incidence was found throughout the study 
period. On the other hand, Nielsen et  al. reported that 
the incidence of RRD is mainly increasing in the Cauca-
sian population using the Danish National Patient Reg-
istry data from 2000 to 2016 [12] and suggested that the 
observed increase is primarily driven by male patients 
aged 50 years or older. Although not a nationwide cohort 
study, Redmer et al. also reported an increase in primary 
RRD incidence in the Dutch population with a simulta-
neous myopic shift [13].

Age, sex, myopia, pseudophakia, and a positive family 
history are well-known risk factors for RRD [14]. Particu-
larly, among the risk factors, the prevalence of myopia 
is increasing worldwide [15]. In Asia, this is a relatively 
recent phenomenon that is mainly seen in the younger 
segment of the population. We wondered if RRD inci-
dence is increasing in Korea over the recent decades, and 
if the main cause of the development in the incidence of 
RRD is related to the increase in myopia in the younger 
generation in Northeast Asia. The purpose of this study 
was to estimate the nationwide 12-year incidence rates of 
RRD requiring surgery and its trend from 2002 to 2015. 
To the best of our knowledge, no study has estimated the 
trend of RRD incidence in Asia over 10 years in a nation-
wide population.

Methods
South Korea has a government-led, compulsory national 
health insurance scheme, the National Health Insurance 
Service (NHIS), which covers the entire South Korean 
population (approximately 50 million people). We 
obtained longitudinal data from 2002 to 2015 from the 
NHIS database, which includes all information regard-
ing diagnoses, procedures, prescription records, demo-
graphic information, and direct medical costs. Detailed 
information regarding the NHIS and the database has 
been published elsewhere [16, 17], and the validation 
study showed the overall positive predictive value of 
the diagnosis to be 83.4% by comparing the diagno-
ses in the NHIS database with those in patient medical 
records. The NHIS database is accessible by researchers 
who have approved the research protocols by the official 
review committee in the NHIS. The study design was 
approved by the institutional review board of the Seoul 

National Bundang Hospital (IRB No. X-1710-429-903) 
and adhered to the tenets of the Declaration of Helsinki.

Identification of patients
We identified incident RRD cases registered between 
2004 and 2015 that required surgery as those with both 
the diagnostic code for RRD and the surgical code. The 
diagnostic code for RRD is H33.0 (RD with retinal break; 
H33.0, H33.00, H33.01, H33.02, H33.04, and H33.09). 
The surgical codes for RRD are S5130 (RD surgery 
including scleral buckling and encircling), S5121 (vitrec-
tomy, total), and S5122 (vitrectomy, partial). We excluded 
cases that had both RRD diagnostic codes and surgical 
codes during the first 2 years of the study (2002 and 2003) 
to remove potential pre-existing cases of RRD. For this 
study, we excluded RRD cases that did not require sur-
gical treatment. In addition, we excluded cases with the 
following diagnostic codes: H33.4 (traction detachment 
of the retina), H35.01 (exudative retinopathy, Coats’ dis-
ease), H35.1 (retinopathy of prematurity), H35.2 (other 
proliferative retinopathy, proliferative vitreoretinopa-
thy), H44.0 (purulent endophthalmitis), H44.1 (other 
endophthalmitis: fungal endophthalmitis, virus-asso-
ciated endophthalmitis, and sympathetic ophthalmia), 
H44.6 (retained intraocular foreign body, magnetic), 
H44.7 (retained intraocular foreign body, nonmagnetic), 
H45.1 (endophthalmitis in disease classified elsewhere), 
Q11.2 (microphthalmos), Q12 (congenital lens malfor-
mations), Q14 (congenital malformations of the posterior 
segment of the eye), S05.2 (ocular laceration and rupture 
with prolapse or loss of intraocular tissue), S05.3 (ocu-
lar laceration without prolapse or loss of intraocular tis-
sue), S05.4 (penetrating wound of orbit with or without 
foreign body), S05.5 (penetrating wound of eyeball with 
foreign body), S05.6 (penetrating wound of eyeball with-
out foreign body), and S05.7 (avulsion of eye). The index 
date was defined as the date of the earliest claim that cor-
responded to the above inclusion criteria. For cases that 
had two or more claims with diagnostic codes for RRD 
cases requiring surgery during the study period, the first 
claim in the database was defined as the incident time, 
and the patient was then counted as an incident case in 
that year.

Statistical analysis
We calculated the crude incidence rates for each study 
year from 2004 to 2015 by dividing the number of RRD 
cases identified by the mid-year population (from resi-
dent registration data in Korea, available at: http:// kosis. 
kr; accessed June 1, 2020) according to the 5-year age 
groups and sex. Standardized annual incidence rates for 
each study year were calculated using a direct method 
of standardization with stratifying age and gender based 
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on the Korean census population in 2015 (available at: 
http:// kosis. kr; accessed June 1, 2020) as the standard 
population. Using these standardized incidence rates, 
we calculated the weighted mean annual incidence rates 
during the study period (2004–2015) with 95% confi-
dence intervals (CIs) based on the Poisson distribution. 
The units for all incidence data were per 100,000 person-
years. The female-to-male ratio in each age group was 
also calculated.

To assess the trend of RRD incidence rates during the 
study period, we performed a joinpoint regression analy-
sis using standardized incidence rates from 2004 to 2015. 
The joinpoint regression analysis is a segmented linear 
regression model used to investigate points where linear 
trends change significantly in magnitude or direction, 
which was developed by the Surveillance, Epidemiol-
ogy, and End-Results (SEER) Program for checking the 
changes in cancer incidences [18]. SEER provides the 
software for the joinpoint regression analysis on its web-
site (https:// surve illan ce. cancer. gov/ joinp oint; accessed 1 
June 2020). The analysis starts with 0 joinpoints, which 
is straight line, and tests whether more joinpoints are 
statistically significant and must be added to the model 
up to that maximum number. The estimated trend is 
described by an annual percent change (APC) with a 95% 
CI. In addition, we performed joinpoint regression analy-
ses after stratifying by sex and age groups (RRD patients 
aged < 60 years and those aged ≥ 60 years).

We then assessed the effect of birth cohorts on RRD 
occurrence and presented RRD incidence rates accord-
ing to sequential 5-year birth cohorts beginning with the 
population born between 1910 and 1914 and ending with 
those born between 2005 and 2009. Since 12-year data on 
the RRD incidence from 2004 to 2015 were available, we 
were able compare the incidence rates in each age group 
among the three birth cohorts. All statistical analyses 
were performed using SAS (version 9.3; SAS Institute 
Inc., Cary, NC, USA) and R version 3.1.0 (The R Foun-
dation for Statistical Computing, Vienna, Austria, http:// 
www.R- proje ct. org).

Results
A total of 53,179 individuals (29,113 male, 54.7%) with 
RRD requiring surgery were included in this study dur-
ing the 12-year study period. The numbers of cases were 
2947 (5.5%) in 2004, 3487 (6.6%) in 2005, 3875 (7.3%) 
in 2006, 4145 (7.8%) in 2007, 4508 (8.5%) in 2008, 4460 
(8.4%) in 2009, 4870 (9.2%) in 2010, 4555 (8.6%) in 2011, 
4625 (8.7%) in 2012, 5037 (9.5%) in 2013, 5262 (9.9%) in 
2014, and 5408 (10.2%) in 2015.

The standardized incidence rate of RRD cases requiring 
surgery was 9.78 (95% CI: 9.70–9.86) per 100,000 person-
years during the study period; that in male and female 

patients was 10.68 per 100,000 person-years (95% CI: 
10.57–10.80) and 8.87 per 100,000 person-years (95% CI: 
8.76–8.98), respectively. The incidence of RRD in male 
patients was 1.20 times that in female patients (p < 0.001) 
(Table 1). RRD incidence according to age group showed 
a bimodal distribution; the highest peak was observed in 
the 60–64 year age group (23.77 [95% CI: 23.18–24.35]) 
and the second peak was observed in the 20–24 year age 
group (7.68 [95% CI: 7.41–7.95]) (Fig.  1A). The high-
est peaks were observed in the same age group, namely 
60–64 years, in both male (24.62 [95% CI: 23.76–25.48]) 
and female patients (22.97 [95% CI: 22.17–23.77]), while 
the second peaks were observed in the 15–19 year age 
group (8.25 [95% CI: 7.87–8.64] in male patients and in 
the 20–24 year age group (7.34 [95% CI: 6.96–7.72] in 
female patients.

The incidence of RRD decreased with increasing age 
in both men and women aged ≥ 65 years. Male patients 
had a higher RRD incidence rate than female patients 
in all age groups except for patients aged < 5 years and 
25–29 years. The graph shows that the female-to-male 
ratio ranged from 0.93 to 3.16, with the highest peak 
observed in the 10–14 year age group (Fig. 1B).

The standardized annual incidence rates of surgically 
treated RRD per 100,000 persons ranged from 7.39 to 
10.71 in the 12-year study period (Table  2). The stand-
ardized annual incidence rates showed an increasing 
trend throughout the 12-year study period. This overall 
increasing trend was observed for both sexes. The join-
point regression analysis showed an obvious increas-
ing trend (APC = 2.05; 95% CI: 0.7–3.4; p < 0.01), which 
was also observed in both male (APC = 2.36; 95% CI: 
1.3–3.4; p < 0.01) and female patients (APC = 1.64; 95% 
CI; 0.0–3.3; p < 0.01) (Fig. 2A, B, and C). When the RRD 
patients were divided in reference to the age of 50 years, 
a steeper increase in RRD incidence rates was shown 
among patients aged < 50 years (APC = 3.44; 95% CI: 
2.3–4.6; p  < 0.01); this was also observed in both male 
(APC = 3.39; 95% CI: 2.3–4.5; p  < 0.01) and female 
patients (APC = 3.52; 95% CI: 2.2–4.9; p < 0.01) (Fig. 2F). 
The individuals aged ≥ 50 years partially showed a sig-
nificant increase from 2004 to 2007 (APC = 8.36; 95% CI: 
6.1–10.6; p < 0.01) when 2 joinpoints were applied, how-
ever, there was no statistically significant trend in terms 
of the entire period (Fig. 2G). When limited to men aged 
≥ 50 years, the incidence rate showed an increasing trend 
(APC = 1.71; 95% CI: 0.4–3.0; p < 0.01), but not when lim-
ited to female patients (Fig. 2H and I).

When they were divided in reference to the age of 
40 years or 60 years, an increasing trend was observed 
both over and under 40 and under 60 years (APC = 1.70; 
95% CI: 0.3–3.2; p < 0.01, APC = 3.43; 95% CI: 1.9–5.0; 
p < 0.01, and APC = 2.59; 95% CI: 1.5–3.7; p < 0.01, 
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respectively; Additional file 1 [Fig. S1 A, B, and C]), but 
we could not find any trend in incidence rates among 
individuals aged ≥ 60 years (Additional file 1 [Fig. S1D]).

For the birth cohort born after 1945, corresponding to 
the 15–59 year age group, the incidence rate increased 
from 2004 to 2014, while for the 60–89 year age group, 
the incidence rate increased in 2009 compared with that 
in 2004, but decreased in 2014 compared with that in 
2009 (Fig. 3). Detailed data on the number of RRD cases, 
estimated crude incidence rate, and estimated standard-
ized incidence rates according to age groups and sex in 
each study year from 2004 to 2015 are provided in Addi-
tional file 2 (Tables S14–25, respectively).

Discussion
This study demonstrated an increasing trend in the inci-
dence of RRD cases requiring surgery during the last 
decades in Korea. The incidence of RRD over a 5-year 
period in Korea has been previously reported [10] but it 
is difficult to grasp the trends due to the relatively short 
study duration. Therefore, this study was designed over 

a 12-year study period to estimate the trend of incident 
RRD cases requiring surgery.

The yearly standardized incidence rate of RRD cases 
requiring surgery was 9.78/100,000 person-years (95% 
CI, 9.70–9.86) in this study (Table 1). Our report showed 
a lower annual RRD incidence rate than those in previous 
nationwide studies, which were reported to vary from 
8 to 16.4 [2–10] and which might be due to the slightly 
different definitions of RRD occurrences, data collec-
tion method, and regional and ethnic differences in each 
study.

The male preference observed in the RRD incidence, 
a male to female ratio of 1.20 in this study (Fig.  1B), 
coincides with that in the other studies [6, 19]. The 
prevalence of trauma and symptomatic posterior vit-
reous detachment (PVD) complicated by a retinal tear, 
which is more common in male patients, may have an 
influence on the higher RRD risk in male patients [19]. 
The present study showed a bimodal distribution of 
the average RRD incidences with age over the 12-year 
study period; the highest peak being in the seventh 
decade of life and the second highest peak in the third 

Fig. 1 Average annual incidence (per 100,000 person-years) of rhegmatogenous retinal detachment (A) and the male-to-female ratio of the 
average annual incidence rhegmatogenous retinal detachment (B) in the Korean population by age group for the years 2004 to 2015
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decade (Fig.  1A). In each year from 2004 to 2015, the 
RRD incidence also demonstrated relatively constant 
highest and second highest peak age groups (Table 2). 
This result is consistent with our previous 5-year report 
in Korea and reports from other Asian countries on the 
incidence of RRD [6, 9, 10]. In the majority of studies, 
RRD incidence increases with age and shows the high-
est peak age of 50 to 79 years in both Caucasians and 
Asians [11, 19, 20]. PVD usually develops at 60 years 

of age and can play a critical role in the development 
of RRD. The volume of cataract extraction performed 
may partially affect the high RRD incidence rates in old 
age [12]; however, the second highest peak was clearly 
observed in Asians compared to Caucasians [19]. Myo-
pia was more frequent and more severe in Asians than 
in Caucasians, and the myopia-induced PVD in the 
relatively young age groups may be associated with the 
second highest peak incidence of RRD [21, 22].

Fig. 2 Joinpoint regression analysis of trends in rhegmatogenous retinal detachment (RRD) A. The significant increasing incidence of RRD was 
observed from 2004 to 2015 for the entire population. B, and C. Significant increasing trend was observed in both male and female patients. 
D. Incidence rates of RRD increased in the population aged < 50 years, E, and F. Both male and female patients aged < 50 years demonstrated 
an increasing trend. G. No significant trend was observed for patients aged ≥ 50 years from 2004 to 2015. H. Male patients over the age of 50 
demonstrated a significant increasing trend. I. No significant trend was observed in females over the age of 50 years. *p < 0.05, APC; annual percent 
change
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The RRD incidence showed an increasing trend from 
2004 to 2015 in the total Korean population. With age 
stratification in reference to 50 years, an increase in 
RRD incidence in patients of both sexes aged < 50 years 
was also observed. Nielsen et al. reported that the RRD 
incidence is increasing, and this increase is primarily 
driven by male patients aged ≥ 50 years using the Dan-
ish National Patient Registry data from 2000 to 2016 [12]. 
However, in this study, APC in both male and female 
patients under 50 years of age (APC, 3.39; Fig.  2E and 
APC, 3.52; Fig.  2F, respectively) was much greater than 
that in male patients aged ≥ 50 years (APC, 1.71; Fig. 2H), 
which means that there is a trend with a similar increase 
in male patients aged ≥ 50 years in Asians compared to 
Caucasians, but among patients aged under 50 years, the 
RRD incidence in Asians showed a much greater increase 
than that in Caucasians. Myopia, a well-known risk factor 
for RRD, is increasing primarily in the young [15], espe-
cially in the Asian population. Korea is a country that has 
rapidly developed within a short period of time, and the 
increase in economic power and education level along 
with the body index, including body stature and body 
weight, can be attributed to the prevalence of myopia in 
the young age group, which is higher than that in the old 
age group [23]. Kim et al. and Lee et al. reported that the 

prevalence of myopia in Korea has increased over time 
based on the database of the Korean National Health and 
Nutrition Survey 2008–2011 and the Korean Military 
Manpower Administration 2009–2013, respectively [24, 
25]. The prevalence of high myopia also has increased 
in younger individuals [24, 26]. In addition, myopic eyes 
demonstrated a gradual increase in axial length over time 
[27], which can induce an increase in the risk of RRD. 
Another major risk factor for RRD is a pseudophakic eye 
after cataract extraction [14, 28]. With improvements in 
the technical difficulty and surgical safety of phacoemul-
sification for cataract extraction, the number of phaco-
emulsification has been increasing year by year, and 
cataract extraction tends to be performed at an earlier 
stage in Korea [29]. Furthermore, in patients with high 
myopia, cataract surgery also tends to be performed at 
a younger age, and RRD as a postoperative complication 
after surgery is known to be more frequent [30].

In addition to the result of the joinpoint regres-
sion analysis, analysis of the 2004, 2009, and 2014 birth 
cohorts also showed a consistently increasing trend in 
RRD incidence in the same age group from 2004 to 2014 
in the young generation under the age of 60 years in 
Korea (Fig. 3). In contrast, in participants aged ≥ 60 years, 
the RRD incidence rate increased in 2009 but decreased 

Fig. 3 Birth cohort analysis of the annual incidence of rhegmatogenous retinal detachment (RRD) in each age group in 2004 (the first symbol in 
the same age group), 2009 (the second symbol in the same age group), and 2014 (the third symbol in the same age group). The incidence rate of 
RRD for the 15–59 year age group demonstrated an increase from 2004 to 2014. However, the incidence rate of RRD for the 60–89 year age group 
increased in 2009 compared with that in 2004, but decreased in 2014 compared with that in 2009
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in 2014 on inspection of the 2004 birth cohort after 5 and 
10 years. However, no statistically significant trend was 
found in people over 60 years old by the joinpoint regres-
sion analysis (Additional file  1 [Fig. S1D]). Partially, the 
population aged ≥ 50 years demonstrated a significant 
increasing trend from 2004 to 2007 unlike 2008–2014 
and total period. Further analysis of this increase in early 
2000s (2004 to 2007) may be necessary.

The limitation of this study is its nature based on 
claims database; hence, asymptomatic, unnoticeable or 
untreated RRD patients may exist by various factors such 
as old age, disease severity, socioeconomic status affect-
ing healthcare service utilization, and systemic or oph-
thalmic comorbidity. These give rise to underestimate the 
RRD incidence. Furthermore, we were not able to access 
the hospital-based medical records of each patient for 
the severity and extent of RRD and the review of clinical 
data including myopia, pseudophakia, posterior vitreous 
detachment and other vision-devastating disease. There-
fore, there is a limit to analyzing the association with 
RRD and these factors. In addition, since the database 
allowed for only 12-years of follow-up, we could only 
analyze three birth cohorts in each age group. Further 
investigation is needed to analyze the comprehensive 
birth cohort over a 40-years study period.

In conclusion, the current study showed an over-
all increasing trend in the incidence of RRD during the 
12-year study period. As in Caucasians, the increase was 
observed in the total population in Korea. However, peo-
ple younger than 50 years were considered to be impor-
tant contributors to the increase in RRD incidence, 
unlike Caucasians. The increase in myopia and high myo-
pia during the last few decades may play a role in this 
observation.
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