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Myopia is a known risk factor for rhegmatogenous retinal detachment (RRD). Given global trends of
increasing myopia, we aimed to determine the absolute risk (incidence rate) of RRD in non-myopes,
myopes and high myopes in the United States over ten years. We performed a retrospective cohort
study of 85,476,781 commercially insured patients enrolled in the Merative™ Marketscan® Research
Database. The incidence rate of RRD in phakic patients in the United States was 39-fold higher in
high myopes than non-myopes (868.83 per 100,000 person-years versus 22.44 per 100,000 person-
years) and three-fold higher in myopes than non-myopes (67.51 per 100,000 person-years versus 22.44
per 100,000 person-years). The incidence rate was significantly higher in males in each category
(P<0.01). Combined, the incidence rate of RRD in phakic patients in the United States from 2007 to
2016 was 25.27 RRDs per 100,000 person-years, a rate higher than those in prior published studies
in North America, South America, Europe, Asia, and Australia. The absolute risk of myopia and high
myopia increased from 2007 to 2016. The risk of RRD in phakic high myopes rose with increasing
age. Notably, the magnitude of increased risk of RRD in myopes varied substantially according to
the minimum follow-up period in our models and should be accounted for when interpreting data
analyses.

Rhegmatogenous retinal detachments (RRDs) are separations of the neurosensory retina from the retinal pigment
epithelium that occur following a break in the retina. In 80-90% of RRDs, the precipitating event is a retinal break
associated with a posterior vitreous detachment (PVD)". The relationship between myopia, PVDs and RRDs has
long been known?. Myopia accelerates PVD formation independent of aging. In myopia, increased posterior
segment volume exceeds production of vitreous gel components resulting in amplified traction of the vitreous
gel on both the macula and the vitreous base. Myopic traction maculopathy, consisting of foveal retinoschisis,
macular hole, and/or foveoschisis retinal detachment (FRD) occurs in 9.0% to 34.3% of highly myopic eyes with
posterior staphyloma®*.

In addition to its effect on the posterior retina, an increase in axial length can alter the structure of the anterior
retina. An increase in axial length leads to a proportional increase in risk of RRD. Researchers consistently find a
higher risk of RRD following cataract extraction in high myopes with Lin et al. reporting a 43-fold higher risk in
high myopes compared to non-myopes>®. This is thought to be secondary to an increase in peripheral vitreoreti-
nal degenerative pathology associated with anomalous vitreoretinal adhesions in myopes. Lattice degeneration,
for example, yields exaggerated vitreoretinal adhesions at the margin of the lesion and is more common with an
increase in axial length”. Such taut adhesions increase the risk of tear with traction. Lattice degeneration (51%)
and white without pressure (12%) were highly prevalent in an adult population of high myopes in Hong Kong .

A recent study by Willis et al. reported that nearly 4 percent of US adults have high myopia by applying preva-
lence calculations from 2005 to 2008 NHANES data to estimates from the US Population Census in 2014 °.Given
this elevated prevalence of high myopia and the risk of vision loss associated with RRD, we aimed to determine
the incidence rate of RRD in phakic non-myopes, myopes and high myopes in a large population of commercially

!Department of Ophthalmology, Byers Eye Institute, Stanford University, Palo Alto, CA 94304, USA. Department
of Ophthalmology, New York Eye and Ear Infirmary of Mount Sinai, New York, NY, USA. 3Retina Department,
Massachusetts Eye and Ear, Harvard Medical School, Boston, MA, USA. “All Eyes Consulting, LLC, New York, NY,
USA. *Department of Ophthalmology, USC Eye Institute, Keck School of Medicine of USC, University of Southern
California, 1975 Zonal Ave, Los Angeles, CA 90033, USA. *email: dariusm@stanford.edu

Scientific Reports|  (2023) 13:9430 | https://doi.org/10.1038/s41598-023-35520-x nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-35520-x&domain=pdf

www.nature.com/scientificreports/

insured US patients. Herein, we additionally estimate the incidence rate and period prevalence of RRDs, myopia,
and high myopia in phakic commercially insured patients in the US. We hypothesized that the incidence rate of
RRD is rising along with the rising prevalence of high myopia. Knowledge of the absolute risk and incidence of
RRDs is necessary for optometrists and ophthalmologists to prepare for the rising burden of myopia.

Materials and methods

Study population. Our study population consists of 123,637,719 commercially insured patients in the
Merative™ Marketscan’ Research Database!® from 2007 to 2016 with outpatient encounters. Stanford University
grants access to the Merative™ Marketscan” Research Database through the Population Health Services portal.
The Merative™ Marketscan” Research Database contains de-identified records of patients with employer-spon-
sored health insurance and contains insured medical claims from beneficiaries from all 50 US states. The Mera-
tive™ Marketscan’ Research Database includes diagnostic and procedural information of individual-level health
care claims from both inpatient and outpatient encounters.

We selected all patients in the Merative™ Marketscan” Research Database who were continuously enrolled in
the database, and who had at least one year of enrollment. We excluded patients with non-continuous enrollment
to avoid including patients in our analysis who may have received care during the study period that was not
accounted for in the database. We excluded patients from our analysis if they carried any diagnosis of sickle cell,
serous retinal detachment, tractional retinal detachment, chorioretinitis, ruptured globe, choroidal hemorrhage,
retinoschisis, vitreous hemorrhage or pseudophakia. Patients were classified as having myopia or high myopia
if they carried a relevant International Classification of Diseases diagnosis code (ICD 9 367.1, ICD 10 H52.1 for
myopia and ICD 9 360.21, ICD 10 H44.2* for high myopia) at any point during their enrollment. Patients with
RRD were identified by the date of first diagnosis code for any RRD (ICD 9 36101-36105, ICD 10 H330%).

Ethics. This secondary analysis of de-identified data is not classified as human subjects research and is exempt
from institutional review board approval at Stanford University. This analysis conformed to the principles of the
Declaration of Helsinki and Health Insurance Portability and Accountability Act regulations.

Statistical analysis. The primary outcome was the absolute risk of RRD in myopes and high myopes, as
indicated by ICD codes. To estimate an unadjusted incidence of RRD, we constructed life tables by calculat-
ing the number of new diagnoses of RRD in each year of our sample and dividing total RRD diagnoses by the
number of days of enrollment in that year preceding an RRD diagnosis (if any) for each patient. Once patients
discontinued enrollment in the database or were diagnosed with the outcome (RRD), they were excluded from
the denominator in calculations of incidence in subsequent years. The confidence interval (CI) of the incidence
rate was calculated based on the Poisson distribution and the Z test was used to examine the difference in the
incidence of RRD incidence between the comparison groups. To calculate estimates of patient risk for RRD that
were adjusted for age, sex, and myopia status, we specified time-to-event survival models measuring time from
patients’ enrollment in the database until their first diagnosis of RRD, or, if they were never diagnosed with RRD,
until they discontinued enrollment in the database. Specifically, we specified Cox proportional hazards models
to calculate the risk of RRD given age, gender, myopia, and high myopia diagnosis, allowing for interaction
terms between each of those variables. As a sensitivity analysis, we re-estimated these models under increasingly
stringent requirements for observed time in the database. We estimated models that required all patients in the
sample to have at least one year of observed data, models that required patients to have two years of data, and
so on up to a maximum of ten years of observed data. These increasingly restrictive requirements for observed
follow-up time do limit the sample of patients that can be included in each subsequent model, but also give us
more confidence that the RRD diagnoses we observe in patients records really are “new” diagnoses of RRD, as
opposed to diagnostic codes that pre-dated patients’ enrollment in the database. All data were analyzed using
Stata 14.2 (StataCorp, College Station, TX, US).

Results

Sample descriptives. Of 85,476,781 commercially insured patients who met inclusion and exclusion cri-
teria, 52.9% were female (n=45,243,736) (Table 1). Average age at the beginning of coverage was 32.6 years
(SD 18.7 years) and average age at diagnosis of RRD was 51.9 years (SD 12.1 years). From 2007 to 2016, a total
of 106,823 (0.12%) patients carried a diagnosis of RRD, 1,896,659 (2.22%) carried a diagnosis of myopia, and
108,158 (0.13%) of high myopia (i.e., period prevalence).

Incidence rate of rhegmatogenous retinal detachment, myopia, high myopia. The incidence
rate of RRD ranged from 21.72 (95% CI 21.09, 22.35) to 33.60 (95% CI 32.84, 34.36) RRDs per 100,000 person-
years from 2007 to 2016 (Table 2). The rate of myopia minimally declined from 653.93 (95% CI 650.56, 657.30)
myopes per 100,000 person-years in 2007 to 630.77 (95% CI 627.95, 633.59) myopes per 100,000 person-years in
2014 (P<0.01), followed by a rapid increase to 1,307.19 (95% CI 1301.99, 1312.39) myopes per 100,000 person-
years in 2016 (P<0.01) (Fig. 1, Supplementary Table 1). The rate of high myopia steadily increased from 32.42
(95% CI 31.67, 33.17) high myopes per 100,000 person-years in 2007 to 48.09 (95% CI 47.10, 49.08) high myopes
per 100,000 person-years in 2016 (P<0.01) (Fig. 2, Supplementary Table 2).

Incidence rate of rhegmatogenous retinal detachment in non-myopes, myopes, high
myopes. The overall incidence rate of RRD pooling across all years from 2007 to 2016 was 25.27 (95% CI
24.93,25.60) RRDs per 100,000 person-years (30.19, 95% CI 29.65, 20.73 in males, 20.81, 95% CI 20.39, 21.23 in
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Characteristics All patients (n=85,476,781)
Gender [n, (%)]

Male 40,233,045 (47.07)

Female 45,243,736 (52.93)

Age at beginning of coverage (yrs) [mean (SD)] 32.56 (18.70)

Age at RRD diagnosis (yrs) [mean (SD)] 51.92 (12.13)

Diagnosis [n, (%)]

RRD 106,823 (0.12)

Myopia 1,896,659 (2.22)

High myopia 108,158 (0.13)

Table 1. Characteristics of patients enrolled in the study. RRD rhegmatogenous retinal detachment, SD
standard deviation.

Incidence of RRD
New diagnosis of | per 100,000 person- | 95% confidence

Year | Number of patients | Mean days at risk | Person-years at risk | RRD years interval

2007 22,163,189 340.43 20,671,272.41 6,945 33.60 32.84-34.36
2008 33,841,550 332.26 30,806,408.00 8,471 27.50 26.94-28.06
2009 36,170,889 331.85 32,886,146.16 8,114 24.67 24.16-25.18
2010 35,906,604 329.82 32,446,230.47 7,743 23.86 23.35-24.37
2011 37,921,042 327.43 34,017,273.32 8,472 24.90 24.40-25.40
2012 38,189,162 329.20 34,443,286.50 8,276 24.03 23.54-24.52
2013 32,489,301 327.95 29,191,761.56 6,889 23.60 23.07-24.13
2014 30,990,326 332.40 28,222,788.00 6,137 21.74 21.22-22.26
2015 21,083,952 329.56 19,036,867.78 4,135 21.72 21.09-22.35
2016 18,959,621 345.23 17,932,736.76 5,675 31.65 30.85-32.45

Table 2. Incidence of rhegmatogenous retinal detachment (RRD) per 100,000 person-years in the Merative™
Marketscan® Research Database between 2007 and 2016.
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Figure 1. Myopia incidence rate per 100,000 person-years. The incidence of myopia in the cohort declined
slightly from 2007 to 2013 then increased sharply from 2013 to 2016.

females, P<0.01). Non-myopes had the lowest incidence rate of 22.44 (95% CI 22.12, 22.76) RRDs per 100,000
person-years, myopes had an incidence rate of 67.51 (95% CI 63.81, 71.21) RRDs per 100,000 person-years, and
high myopes had the highest incidence rate of 868.83 (95% CI 813.28, 924.38) RRDs per 100,000 person-years.
Male non-myopes (27.08, 95% CI 26.57, 27.59 per 100,000 person-years), myopes (89.85, 95% CI 83.08, 96.62
per 100,000 person-years), and high myopes (1116.62, 95% CI 1014.20, 1219.04 per 100,000 person-years) had a
higher incidence rate than females in each category (non-myopes: 18.20 per 100,000 person-years, 95% CI 17.80,
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Figure 2. High myopia incidence rate per 100,000 person-years. The incidence of high myopia in the cohort
gradually increased from 2007 to 2016.

18.60, P<0.01; myopes: 52.42 per 100,000 person-years, 95% CI 48.19, 56.65, P<0.01; high myopes: 718.41 per
100,000 person-years, 95% CI 654.36, 782.46, P<0.01) (Fig. 3).

Risk of rhegmatogenous retinal detachment under models with different follow-up peri-
ods. We recalculated this model under different minimum follow-up periods, increasing up to ten years.
The estimated risk of RRD for men and women, with and without high myopia, is plotted for each of these ten
models in the Supplementary Fig. 1, to illustrate how sensitive the estimates are to minimum follow-up period.
With one-year follow-up, the absolute risk of RRD in high myopes was 1433.92 and 918.91 per 100,000 person-
years in males and females, respectively. This decreased to 568.47 and 446.62 per 100,000 person-years with a
minimum ten-year follow-up.

One-year risk of rhegmatogenous retinal detachment (%)

Age (years)
> Male, no myopia @ Male, myopia
+ Male, high myopia < Female, no myopia
¢ Female, myopia & Female, high myopia

Figure 3. Annual risk of rhegmatogenous detachment for men and women of different ages, stratified by
myopia status. Men appear to be at higher risk of RRD after adjusting for age and myopia status.
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Discussion

Myopia contributes significantly to the risk of RRD. We found a three-fold higher incidence rate of RRDs in
myopes as compared to non-myopes and a 39-fold higher incidence rate of RRDs in high myopes as compared
to non-myopes. Male non-myopes, myopes, and high myopes all had a higher annual risk of RRD as compared
to females in each category.

The known risk factors for RRD include older age'!, myopia/longer axial length'~', a history of trauma'?, vit-
reoretinal degenerations'?, male sex'®-?, and occupational lifting®*2. The present study reinforces the importance
of myopia and particularly high myopia as a risk factor for RRD along with age and male sex across non-myopes
and myopes alike. PVDs are known to occur at a younger age and a higher frequency in myopes, leading to the
leftward shift in the peak age of RRD in high myopes as compared to non-myopes herein (Fig. 3)7.

While several studies report on the prevalence of myopia within the population of those presenting with
RRD, fewer describe the incidence rate of RRDs based on refractive error in a large population. Here we report
an incidence rate of 22.44 RRDs per 100,000 person-years in non-myopes, 67.51 RRDs per 100,000 person-
years in myopes, and 868.83 RRDs per 100,000 person-years in high-myopes. The risk in high myopes in this
study exceeds even the postoperative risk reported by Williams et al. in 2008 who reported an incidence rate
of 226.45 per 100,000 person-years in high myopes after cataract extraction?®. The incidence rate also exceeds
that described by T. C. Burton in 1989 who evaluated 172 residents of Iowa who developed RRDs that year and
found that an emmetropic person without lattice had an annual risk of RRD of 2 in 100,000 people but that
this increased 189-fold to 378 in 100,000 people in the presence of lattice and refractive error>—5.0D*. While
the relative risk (RR) for high myopes compared to non-myopes in the present study is lower (868.83/22.44 or
39-fold vs. 189/2 or 95-fold), the incidence rate in the population is more than fourfold higher than previously
reported. This may be due to an increase in the extent of axial elongation since 1989. Alternatively, it is possible
that isolated myopia and high myopia are underreported resulting in an ostensibly higher incidence rate. Healthy
myopes may pay cash for their refractions whereas patients presenting for RRDs may receive the diagnosis of
myopia or high myopia in addition to that for RRD.

Numerous studies have retrospectively investigated the frequency of RRD in patients undergoing refractive
procedures including LASIK, phakic intraocular lenses, and phacoemulsification**=*. Sheu et al. found that high
myopes, and more significantly male high myopes, may be at an increased risk for late post-operative RRD after
cataract surgery”'. In the study, cumulative risk of RRD increased with time, and increased dramatically after
four years in male moderate and high myopes. In a recent review of RRD after phacoemulsification, Qureshi
and Steel report six studies with a dose-dependent relationship between axial length and risk of pseudophakic
RRD™. Lin et al. noted the greatest effect with axial length greater than 26 with a RR of 18.9, while axial length
between 23 and 26 had a RR of 3.92 (as compared to those with an axial length of <23 mm)°.

The influence of sex on the pathogenesis of myopia is complicated. Several studies report a higher mean
axial length in men as compared to women (0.2 to 0.5 diopters depending on age category)*~>, and a higher
rate of RRD in men as compared to women'®-%. In our study, we report a higher prevalence of RRD in male
non-myopes, myopes and high myopes as compared to females in each category. This is consistent with prior
reports and is likely due to higher mean axial length. Dating back to 1903, Hertel et al. found that of 6,863 myopes
presenting to his eye clinic, 71.5% were male, 85.9% of whom had presented with an RRD as compared to 73.1%
of women™. In contrast to this and most other reports, Willis et al. found that upon multivariate analysis (adjust-
ing for age and sex) the odds of high myopia was actually 1.7 times higher among women than men (adjusted
OR, 1.66; 95% CI 1.24-2.24)°. However, as the authors report, this was based on NHANES autorefraction data
which may overestimate myopia in younger populations and older populations with myopic shift secondary to
cataracts’. Another study in Taiwan by Chen et al. found a higher incidence of RRDs among women aged 20-29
as compared to males, though again overall more men than women were diagnosed with RRDs in the setting of
myopia (male: female ratio 0.79)'%. Similarly, we found a higher incidence of RRDs in one small subset—young
females. Though, the overall incidence of RRDs in those under age 10 is low, as with previously reported ranges
of 0.4 to 2.9 cases per 100,000 in this population!*2*-36-40,

Prior studies report a difference in age distribution of RRDs between Western countries with a single peak in
the fifth to sixth decade of life'"*!, and Eastern countries with a peak in the second decade of life (RRD related to
high myopia) and sixth decade of life (RRD related to PVD)!#4042-44 Tn our study, as in those before, we report a
consistent overall average peak of RRDs in the fifth decade of life among high myopes with a slightly later peak
occurring in non-myopes, though the data is limited for patients > 65 years of age who are primarily covered by
Medicare rather than commercial insurance in the US.

The incidence rate of RRDs reported varies by age, race, and geographical origin of those studied. We report
a higher overall incidence rate of RRDs in this population of commercially insured phakic patients in the United
States (pooled: 25.7 per 100,000 person-years, 2016: 31.7) as compared to prior published studies in North
America (9.1 to 12.4 per 100,000 person-years)*”**, South America (9.2 per 100,000 person-years)'®, Europe
(6.3 to 17.9 per 100,000 person-years)'274:46-48 " Asia (8.0 to 16.4 per 100,000 person-years)'820:40:42:4950 apd
the Australian continent (11.8 per 100,000 person-years)®!. The period prevalence (2007 to 2016) of RRD in
the present study was 0.12%, while that of myopia was 2.22% and of high myopia was 0.13%. This is lower
than prevalence reported in recent studies, but also captures a specific subset of the population—commercially
insured phakic patients under 65 years of age. > More importantly, as in other studies, RRD*’, myopia®, and
high myopia® appear to be on the rise.

Though the Merative™ Marketscan’ Research Database is not weighted to be nationally representative, it
includes approximately 50% of those receiving health insurance through an employer and therefore represents a
large subset of insured Americans under the age of 65. Therefore, this study is well-suited to detect rising trends
in the US population. While many studies have examined the incidence of RRD in the US, few have specifically
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looked at incidence rate of RRD in high myopes and myopes. This study maintains standard limitations associated
with use of a retrospective commercial claims data, namely, reliance on accurate diagnostic coding. Providers
may code for myopia rather than high myopia even when the latter diagnosis is more accurate. Providers may
also have arbitrary cut-offs for myopia and high myopia, increasing the possibility of mixed cohorts. Additionally,
coding for high myopia does not always indicate axial myopia as refractive status is dependent on the optical
power of the cornea, aqueous humor, lens, and vitreous humor®*. The slow decline in myopia incidence followed
by a rapid rise within this study window is more likely to reflect changes in reimbursement for coding for myopia
than an actual change in incidence across the population. However, assuming accurate diagnoses, this highlights
prior underdiagnosis of myopia even if only for reimbursement reasons. Furthermore, pseudophakia was an
exclusion criterion in this study as myopia and high myopia are commonly defined by providers using spherical
equivalent and spherical equivalent is modified following cataract surgery. This may bias the results toward an
underestimate of the absolute risk of RRD in myopia given the propensity for myopes to develop cataracts at
younger ages. Specific to the Merative™ Marketscan” Research Database—race data is not included. This is impor-
tant as prior studies have highlighted discrepancies in risk and characteristics of RRDs across various races.”.

Understanding the epidemiology of RRDs in myopia and high myopia in the United States is critical for eye
care providers to better monitor high risk populations. RRDs can be debilitating. We report on average a 39-fold
higher incidence rate of RRDs in high myopes as compared to non-myopes, and an average higher incidence
rate of RRDs in the fourth to sixth decade of life. Further studies are needed to explore the pathophysiological
root behind sex differences in predisposition to RRD.

Data availability

The data that support the findings of this study are available from Merative™ Marketscan” Research Database but
restrictions apply to the availability of these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon reasonable request and with permission
of Merative™ Marketscan” Research Database.
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