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Prevalence of and factors 
associated with dilated choroidal 
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epithelium among the Japanese
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Pachyvessels are pathologically dilated large choroidal vessels and are associated with the 
pathogenesis of several pachychoroid-related disorders, including central serous chorioretinopathy. 
We aimed to investigate the prevalence of and risk factors for pachyvessels in the Japanese 
population. We included 316 participants (aged ≥ 40 years) with normal right eyes. The presence 
of pachyvessels (vertical diameter > 300 µm, distance to the retinal pigment epithelium < 50 µm) 
was determined using 6 × 6 mm macular swept-source optical coherence tomography images, and 
associated risk factors were investigated. Subfoveal choroidal thickness was measured, and its 
associated risk factors investigated. The overall prevalence of pachychoroids was 9.5%. Regression 
analysis showed that a younger age, shorter axial length, male sex, and smoking were significantly 
associated with the presence of pachyvessels (p = 0.047; odds ratio [OR] 0.96 per year, p = 0.021; OR 
0.61 per 1 mm, p = 0.012; OR 3.08 vs. female, and p = 0.011; OR 3.15 vs. non-smoker, respectively) and 
greater choroidal thickness (p < 0.001, p < 0.001, p < 0.003, and p < 0.017, respectively). The results were 
consistent with other research findings which showed that pachychoroid-related disorders such as 
central serous chorioretinopathy were associated with younger age, male sex, shorter axial length, 
and smoking. Smoking may be associated with choroidal circulatory disturbance in the Japanese 
population.

Pachyvessels are large, inwardly displaced, pathologically dilated choroidal vessels. Pachyvessels can cause focal 
choriocapillaris thinning and are associated with the pathogenesis of central serous chorioretinopathy (CSC)1. In 
optical coherence tomography (OCT) angiography images of CSC eyes, the area of choriocapillaris flow void was 
found to be high2, and the location of the choriocapillaris flow void was associated with the distribution of the 
underlying choroidal vessels3,4. Studies suggest that pachyvessels impair choriocapillaris and may be responsible 
for retinal pigment epithelium (RPE) damage, resulting in CSC. Therefore, pachyvessels may be a preclinical sign 
of CSC, and normal eyes with pachyvessels may have a potential risk of CSC.

Baek et al. reported that the prevalence of pachyvessels was 25%, 46%, 85%, 96%, and 100% in non-neovascu-
lar age-related macular degeneration (AMD), neovascular AMD, thin choroid polypoidal choroidal vasculopathy 
(PCV), thick choroid PCV, and CSC eyes, respectively5. However, the prevalence of pachyvessels in the normal 
healthy population without degenerative disease has not been studied. Thus, investigation of pachyvessel preva-
lence will increase understanding of its pathogenesis in CSC, PCV, and AMD. Therefore, our study evaluated 
the prevalence of pachyvessels and associated risk factors in a normal Japanese population. In addition, the risk 
factors associated with increased subfoveal choroidal thickness were studied.
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Results
Of the 316 participants included, 123 were men and 193 were women, with an average age of 62.2 ± 9.7 years and 
age range of 40–84 years. The average axial length was 23.9 ± 1.2 mm. Of the 316 participants, 57 were smokers 
and 259 were non-smokers (Table 1).

The overall crude prevalence of pachyvessels was 9.5% (30/316 eyes, 95% confidence interval [CI] 6.5−13.3). 
Age- and sex-adjusted standardized prevalence was 13.0% (95% CI 11.8−14.2). Multivariate logistic regression 
analyses showed that younger age, male sex, shorter axial length, and current smoking habits were significantly 
associated with the presence of pachyvessels (p = 0.047, p = 0.012, p = 0.021, and p = 0.011, respectively) (Table 2).

The average choroidal thickness was 262.6 ± 93.3 µm. The choroid was significantly thicker in smokers than 
in non-smokers (p = 0.017) (Table 3). Choroidal thickness in men was thicker than that in women (p = 0.003) 
(Table 4). Multivariate regression analysis showed that shorter axial length (p < 0.001), younger age (p < 0.001), 
male sex (p = 0.003) and current smoking habits (p = 0.017) were associated with increased choroidal thickness 
(Table 5). The choroidal thickness decreased by 35.5 µm (95% CI 27.7–43.3) for each 1-mm increase in axial 
length, and by 4.1 µm (95% CI 3.1–5.0) for every 1-year increase in age. The choroid was 29.6 µm thicker (95% 
CI 5.3–53.9) in smokers than in non-smokers.

Table 1.   Characteristics of study participants.

N 316

Age (years) 62.2 ± 9.7

Sex (male/female) 123/193

Axial length (mm) 23.9 ± 1.2

Choroidal thickness (µm) 262.6 ± 93.3

Smoker/non-smoker 57/259

Table 2.   Multiple logistic regression analysis to find the factors associated with risk of pachyvessels.

Odds ratio 95% interval p value

Age (years) 0.96 0.92–0.999 0.047

Sex 3.08 1.29–7.39 0.012

Axial length (mm) 0.61 0.41–0.93 0.021

Smoking 3.15 1.30–7.64 0.011

Table 3.   Age, sex, and axial length adjusted average choroidal thickness. CI confidence interval.

Average choroidal thickness 95% CI p value

Non-smoker 256.8 247.1–266.5
0.017

Smoker 277.5 254.3–300.8

Table 4.   Age, axial length, and smoking adjusted average choroidal thickness. CI confidence interval.

Average choroidal thickness 95% CI p value

Female 251.1 239.7–262.6
0.003

Male 280.6 266.1–295.2

Table 5.   Multiple regression analysis to identify factors associated with subfoveal choroidal thickness.

Unstandardized β Standardized β 95% interval p value

Age, years − 4.10 − 0.425 − 5.0 to − 3.1  < 0.001

Sex, male vs. female 29.5 0.155 10.4 to 48.7 0.003

Axial length (mm) − 35.5 − 0.461 − 43.3 to − 27.7  < 0.001

Smoking, smoker vs. non-smoker 29.6 0.122 5.25 to 53.9 0.017
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Discussion
This study identified younger age, shorter axial length, male sex, and current smoking habits to be significantly 
associated with presence of pachyvessels. In an age- and sex-matched case control study, Ersoz et al. reported that 
risk factors for CSC were steroid use, antidepressant or anxiolytic drug use, smoking, pregnancy, and hyperopia6. 
Furthermore, in an age-matched case control study, Chatziralli et al. reported that risk factors for CSC were male 
sex, high educational status, high income, smoking, obstructive sleep apnea, Helicobacter pylori infection, type 
A personality and stress, steroid use, pregnancy, and hyperopia7. Although the designs and populations of these 
studies were different from those of our study, our results were consistent with these previous studies, suggesting 
that presence of pachyvessels may be a preclinical sign of CSC.

Pachyvessels are also associated with the pathogenesis of PCV. There are similarities in the vascular density 
of the large choroidal vessel layer and pachyvessel patterns between CSC and PCV5. The area of maximal cho-
roidal thickness correlates spatially with the distribution of pachyvessels and with the disease focus in eyes with 
PCV8. The risk for recurrent exudative change after three injections of anti-vascular endothelial growth factor 
was greater in those with pachyvessels irrespective of the presence of a pachychoroid9. Male sex and smoking are 
significant risk factors for the development of PCV, similar to pachyvessels10. Therefore, eyes with pachyvessels 
may also have a higher risk of developing PCV.

Pachyvessels are also associated with AMD. Pachyvessels have been observed in 80.6%, 44.4%, and 40% of 
patients with pachydrusen, soft drusen, and subretinal drusenoid deposits, respectively11. Ng et al. reported 
that pachyvessels were observed in 52.1% of eyes with exudative maculopathy and that the choroidal vascular-
ity index significantly correlated with pachyvessels12.Choroidal neovascularization developed in the fellow eyes 
of 9% of patients with unilateral PCV or aneurysmal type 1 neovascularization, and it frequently developed in 
areas with RPE and outer retinal abnormalities accompanied by pachyvessels13. Topographically, pachydrusen 
location correlates with the underlying pachyvessels in eyes with pachychoroid pigment epitheliopathy, CSC, 
PCV, and pachychoroid neovasculopathy14. Therefore, in addition to CSC and PCV, eyes with pachyvessels may 
be at increased risk of developing AMD.

Choriocapillaris flow impairments existed in eyes with pachychoroid, and their locations were correlated 
with those of pachyvessels15. The presence of pachyvessels may cause choriocapillaris flow impairment, resulting 
in RPE impairment, and consequent development of pachychoroid pigment epitheliopathy, CSC, or AMD. A 
longitudinal observational study design is needed to show whether pachyvessels are a preclinical sign of CSC, 
PCV, or AMD. In addition, as smoking was a factor associated with the presence of pachyvessels, smoking ces-
sation may be recommended for those whose eyes have pachyvessels. Further studies are needed to demonstrate 
the efficacy of smoking cessation by observing the changes of pachyvessels and whether the incidence of CSC 
or PCV decreases after smoking cessation.

The mechanism of choroidal vessel dilation is unknown. As for smoking, Spaide et al. asserted that nicotine 
exposure might cause nitric oxide-induced abnormalities in the choroidal vessels and induce CSC6,7. It is difficult 
to speculate how choroidal vessel dilation is affected by other factors such as age, sex, and axial length. Further 
studies are needed to understand how these factors affect choroidal vessel dilation.

The association between smoking and choroidal thickness has been studied with varying results16. There 
was no significant association between cigarette smoking and choroidal thickness in a study assessing Indian 
participants17 and Turkish participants18,19. Choroidal thickness was significantly reduced in smokers compared 
with the control group in a study assessing Greek participants20, American participants (145/147 were Cauca-
sian)21, and elderly French participants (average age 82.73 years). However, the effect of smoking differs depend-
ing on genetic background. Nakanishi et al. reported on the interactions between CFH 402H and cigarette smok-
ing in patients with PCV. The risk was higher in smokers with the CFH and/or LOC387715/HTRA1 allele than 
in smokers without these alleles22. Variants of CFH, CETP, and VEGFA exhibited different association signals 
in East Asian individuals in contrast to European individuals23. Therefore, the effect of smoking differs between 
races. Indeed, PCV is more common in individuals of Asian descent, accounting for up to 60% of neovascular 
wet AMD cases in East Asia23–25. In Japan, approximately half of the patients with neovascular AMD also have 
PCV25. One study that investigated the factors associated with choroidal thickness in Chinese participants with 
a genetic background was similar to Japanese participants26. In their analysis, greater choroidal thickness was 
significantly associated with younger age, shorter axial length, male sex, and higher number of smoking pack-
years, after adjusting for age and axial length. Although the association between smoking and choroidal thickness 
was not significant after including more independent variables, choroidal thickness still tended to be greater in 
smoking participants in this study. Since it is not clear whether the effect of smoking is dose dependent, their 
approach of considering smoking as a continuous variable rather than a binary variable may not be appropriate. 
Similarly, the prevalence of pachyvessels and its association with smoking may also differ depending on genetic 
background and race. Further studies are needed to assess whether the effect of smoking on the prevalence of 
pachyvessels as well as choroidal thickness differs depending on genetic and racial background.

In our study, the prevalence of pachyvessels was 9.5%. In contrast, the prevalence of pachyvessels in non-
neovascular AMD, neovascular AMD, thin choroid PCV, thick choroid PCV, and CSC eyes was 25%, 46%, 85%, 
96%, and 100%, respectively, in the study by Baek et al.5. Although the prevalence of pachyvessels in these diseases 
was consistent with that of normal eyes in our study, the method used to identify pachyvessels slightly differed, 
and, therefore, these prevalence rates cannot be directly compared. In the study by Beak et al., the presence of 
pachyvessels was determined by dilatation of outer choroidal vessels on an en face OCT, which corresponds to 
the characteristic features of large choroidal vessel dilatation and choriocapillaris attenuation on OCT raster 
scans. In contrast to their qualitative definition, our definition of pachyvessels was quantitative; we considered 
pachyvessels to have a vertical diameter of > 300 µm and a distance of < 50 µm to the RPE. To improve reproduc-
ibility, a quantitative method is better than a qualitative method, but it is unclear as to which of these methods 
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is the best to define pathological pachyvessels. Further studies are needed to determine an appropriate method 
for defining pathological pachyvessels.

Swept-source-OCT (SS-OCT) was used in this study. One advantage of SS-OCT is the larger scanning depth 
and deeper penetration. The central wavelength of the SS-OCT used in this study was 1080 nm, and the scan 
depth was 3 mm. As a result, signal attenuation in the cross-sectional OCT images was much lower than in 
the spectral domain OCT, and better delineation of choroidal images could be obtained. Therefore, SS-OCT is 
advantageous for analyzing pachyvessels.

There are certain limitations to this study. The OCT angiography program used was 6 × 6 mm, and the pres-
ence of pachyvessels was only studied in the macula. A wider-area scan would have been better to evaluate the 
prevalence and distribution of pachyvessels. Second, as previously stated, it is not clear whether the definition 
of pachyvessels used in this study was the best one. Third, systemic diseases such as diabetes and hypertension 
were included in this study. Although the two systemic diseases do not affect choroidal thickness26, they might 
have affected the results. Fourth, diurnal variation might have affected the choroidal thickness measurement. 
However, since participants were randomly examined in the morning or afternoon, the effect of diurnal varia-
tion should be minimal. Further studies in which time of examination is controlled are needed. Fifth, since we 
did not take the intensity or duration of smoking into account in the present analysis, the sex-difference might 
be due to heavier intensity or longer duration of smoking in men, which needs to be confirmed in the future 
study. Finally, participants in this study were aged ≥ 40 years. Since a significant proportion of patients with CSC 
are younger than 40 years, this study is not representative of younger participants. Further studies that include 
younger participants are needed to confirm whether the effect of smoking is the same in younger patients.

In conclusion, the overall prevalence of pachyvessels in the normal population was 9.5%. A younger age, male 
sex, shorter axial length, and current smoking habits were significantly associated with the presence of pachyves-
sels. Similarity between the factors associated with pachyvessels in a normal population to those of CSC eyes 
suggests that pachyvessels may be a subclinical sign of CSC, and eyes with pachyvessels may have a higher risk of 
developing CSC. Smoking was associated with the prevalence of pachyvessels and increased choroidal thickness, 
suggesting that smoking is associated with choroidal circulatory disturbance in the normal Japanese population.

Methods
This prospective cross-sectional study was approved by the institutional review board of Nagoya University 
Hospital and was conducted in accordance with the principles of the Declaration of Helsinki. Written informed 
consent to participate in this study was obtained from the participants before performing any procedures.

Participants.  The participants were healthy volunteers who underwent a comprehensive health examina-
tion program (Yakumo Study) in 2018, which was supported by the local government and has been conducted 
in the town of Yakumo in Hokkaido, Japan, since 1982. The program comprises systemic as well as ophthalmic 
examinations. Participants were aged ≥ 40 years.

Participants were excluded if they met any of the following criteria: (1) exhibited signs of macular disease 
such as age-related macular degeneration or CSC in both eyes, (2) had retinal hemorrhage suggesting retinal 
vein occlusion or diabetic retinopathy in both eyes, (3) had nerve fiber layer thinning in OCT suggesting glau-
coma, (4) had intraocular pressure > 21 mmHg, (5) had a subfoveal choroidal thickness < 100 µm, (6) had an 
axial length > 28 mm, (7) had a history of steroid and anxiolytic drug use, and (8) had a SS-OCT image signal 
intensity < 7. Only participants who agreed to the analysis of all examination results were included in this study. 
The absence of macular disease was verified by spectral domain OCT (RS-3000, Nidek, Gamagori, Aichi, Japan) 
and color fundus photos (Canon CR-2, Tokyo, Japan). Only the right eye of each participant was examined and 
included in this study. Information on smoking habits was obtained from a questionnaire, and smoking status 
was indicated as either “smoker” for participants who were current smokers or “non-smoker” for participants 
who used to smoke or never smoked.

OCT analysis.  Pachyvessel analysis was performed using the 6 × 6 mm OCT angiography program (500 
line scans with 500 A-scans) of the SS-OCT (SS-OCT, PlexElite 9000, Carl Zeiss Meditec, Dublin, CA, USA). 
All 500 cross-sectional OCT images and en face images of the choroid (choroidal slab) covering a 6 × 6 mm area 
centered on fovea in each eye were carefully evaluated by two investigators (YI and MI) to assess the presence 
of pachyvessels. The presence of pachyvessels was determined if a large choroidal vessel (pathologically dilated 
Haller vessel, vertical diameter > 300 µm27) was present near the RPE (distance to RPE < 50 µm) (Fig. 1). OCT 
angiography images were not used in this study. In the horizontal OCT images through the fovea, the subfoveal 
thickness was also measured using a built-in software present in the device.

Statistical analyses.  Age- and sex-adjusted standardized prevalence was calculated by the direct method 
using the 2015 Japan Census. Multiple logistic regression analysis was performed to identify factors associated 
with pachyvessels. Comparison of subfoveal choroidal thickness in the eyes of smokers and non-smokers was 
undertaken using analysis of covariance adjusting for age, sex, and axial length. Comparison of subfoveal cho-
roidal thickness between men and women was also analyzed using analysis of covariance adjusting for age, axial 
length, and current smoking habits. Multiple linear regression analysis was performed to identify the factors 
associated with subfoveal choroidal thickness. For this study, a p value < 0.05 indicated statistical significance. 
IBM SPSS statistical software (version 26.0; SPSS Inc., an IBM Company, Chicago, IL, USA) was used to perform 
all statistical analyses.
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Data availability
The datasets analyzed during the current study are not publicly available because of the hospital’s policy to protect 
personal information of the participants but are available from the corresponding author on reasonable request.

Received: 4 November 2020; Accepted: 1 March 2021

Figure 1.   The method used to identify thick choroidal vessels (pachyvessels) near the retinal pigment 
epithelium (RPE). (a) A 6 × 6 mm swept- source optical coherence tomography (SS-OCT) image of the retinal 
slab. The yellow arrow indicates the location of the scan (c). (b) An SS-OCT image of the choroidal slab. A 
thick choroidal vessel is seen in the inferior area. The yellow arrow indicates the location of the scan (c). (c) An 
SS-OCT cross-sectional image taken at the location of yellow arrow in (a) and (b). Pachyvessels were identified 
by checking all 500 cross-sectional OCT images and en face SS-OCT images of the choroidal slab (b) using 
built-in software. Note that the thick choroidal vessel (vertical diameter > 300 µm, arrow head) is seen near the 
RPE, with the distance to the RPE being < 50 µm (arrow).



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:11278  | https://doi.org/10.1038/s41598-021-90493-z

www.nature.com/scientificreports/

References
	 1.	 Dansingani, K. K., Balaratnasingam, C., Naysan, J. & Freund, K. B. En face imaging of pachychoroid spectrum disorders with 

swept-source optical coherence tomography. Retina 36, 499–516. https://​doi.​org/​10.​1097/​iae.​00000​00000​000742 (2016).
	 2.	 Rochepeau, C. et al. Optical coherence tomography angiography quantitative assessment of choriocapillaris blood flow in central 

serous chorioretinopathy. Am. J. Ophthalmol. 194, 26–34. https://​doi.​org/​10.​1016/j.​ajo.​2018.​07.​004 (2018).
	 3.	 Yun, C. et al. Choriocapillaris flow features and choroidal vasculature in the fellow eyes of patients with acute central serous 

chorioretinopathy. Graefes Arch. Clin. Exp. Ophthalmol. 257, 57–70. https://​doi.​org/​10.​1007/​s00417-​018-​4179-2 (2019).
	 4.	 Matet, A., Daruich, A., Hardy, S. & Behar-Cohen, F. Patterns of choriocapillaris flow signal voids in central serous chorioretinopa-

thy: An optical coherence tomography angiography study. Retina 39, 2178–2188. https://​doi.​org/​10.​1097/​IAE.​00000​00000​002271 
(2019).

	 5.	 Baek, J., Lee, J. H., Jung, B. J., Kook, L. & Lee, W. K. Morphologic features of large choroidal vessel layer: Age-related macular 
degeneration, polypoidal choroidal vasculopathy, and central serous chorioretinopathy. Graefes Arch. Clin. Exp. Ophthalmol. 256, 
2309–2317. https://​doi.​org/​10.​1007/​s00417-​018-​4143-1 (2018).

	 6.	 Ersoz, M. G., Arf, S., Hocaoglu, M., Sayman Muslubas, I. & Karacorlu, M. Patient characteristics and risk factors for central serous 
chorioretinopathy: An analysis of 811 patients. Br. J. Ophthalmol. 103, 725–729. https://​doi.​org/​10.​1136/​bjoph​thalm​ol-​2018-​312431 
(2019).

	 7.	 Chatziralli, I. et al. Risk factors for central serous chorioretinopathy: Multivariate approach in a case-control study. Curr. Eye Res. 
42, 1069–1073. https://​doi.​org/​10.​1080/​02713​683.​2016.​12761​96 (2017).

	 8.	 Lee, W. K., Baek, J., Dansingani, K. K., Lee, J. H. & Freund, K. B. Choroidal morphology in eyes with polypoidal choroidal vascu-
lopathy and normal or subnormal subfoveal choroidal thickness. Retina 36(Suppl 1), S73–S82. https://​doi.​org/​10.​1097/​IAE.​00000​
00000​001346 (2016).

	 9.	 Nagai, N. et al. Dynamic changes in choroidal conditions during anti-vascular endothelial growth factor therapy in polypoidal 
choroidal vasculopathy. Sci. Rep. 9, 11389. https://​doi.​org/​10.​1038/​s41598-​019-​47738-9 (2019).

	10.	 Fujiwara, K. et al. Prevalence and risk factors for polypoidal choroidal vasculopathy in a general japanese population: The Hisayama 
study. Semin. Ophthalmol. 33, 813–819. https://​doi.​org/​10.​1080/​08820​538.​2018.​15064​83 (2018).

	11.	 Lee, J. & Byeon, S. H. Prevalence and clinical characteristics of pachydrusen in polypoidal choroidal vasculopathy: Multimodal 
image study. Retina 39, 670–678. https://​doi.​org/​10.​1097/​iae.​00000​00000​002019 (2019).

	12.	 Ng, D. S. et al. Classification of exudative age-related macular degeneration with pachyvessels on en face swept-source optical 
coherence tomography. Invest. Ophthalmol. Vis. Sci. 58, 1054–1062. https://​doi.​org/​10.​1167/​iovs.​16-​20519 (2017).

	13.	 Baek, J., Cheung, C. M. G., Jeon, S., Lee, J. H. & Lee, W. K. Polypoidal choroidal vasculopathy: Outer retinal and choroidal changes 
and neovascularization development in the fellow eye. Invest. Ophthalmol. Vis. Sci. 60, 590–598. https://​doi.​org/​10.​1167/​iovs.​18-​
24244 (2019).

	14.	 Baek, J., Lee, J. H., Chung, B. J., Lee, K. & Lee, W. K. Choroidal morphology under pachydrusen. Clin. Exp. Ophthalmol. 47, 498–504. 
https://​doi.​org/​10.​1111/​ceo.​13438 (2019).

	15.	 Baek, J., Kook, L. & Lee, W. K. Choriocapillaris flow impairments in association with pachyvessel in early stages of pachychoroid. 
Sci. Rep. 9, 5565. https://​doi.​org/​10.​1038/​s41598-​019-​42052-w (2019).

	16.	 Yang, T. K., Huang, X. G. & Yao, J. Y. Effects of cigarette smoking on retinal and choroidal thickness: A systematic review and 
meta-analysis. J. Ophthalmol. 2019, 8079127. https://​doi.​org/​10.​1155/​2019/​80791​27 (2019).

	17.	 Wei, X. et al. Choroidal structural changes in smokers measured using choroidal vascularity index. Invest. Ophthalmol. Vis. Sci. 
60, 1316–1320. https://​doi.​org/​10.​1167/​iovs.​18-​25764 (2019).

	18.	 Kantarci, F. A. et al. A pilot study of choroidal thickness in long-term smokers. Retina 36, 986–991. https://​doi.​org/​10.​1097/​IAE.​
00000​00000​000815 (2016).

	19.	 Ulas, F., Celik, F., Dogan, U. & Celebi, S. Effect of smoking on choroidal thickness in healthy smokers. Curr. Eye Res. 39, 504–511. 
https://​doi.​org/​10.​3109/​02713​683.​2013.​850099 (2014).

	20.	 Moschos, M. M., Nitoda, E., Laios, K., Ladas, D. S. & Chatziralli, I. P. The impact of chronic tobacco smoking on retinal and 
choroidal thickness in greek population. Oxid. Med. Cell. Longev. 2016, 2905789. https://​doi.​org/​10.​1155/​2016/​29057​89 (2016).

	21.	 Sigler, E. J., Randolph, J. C., Calzada, J. I. & Charles, S. Smoking and choroidal thickness in patients over 65 with early-atrophic 
age-related macular degeneration and normals. Eye (Lond.) 28, 838–846. https://​doi.​org/​10.​1038/​eye.​2014.​100 (2014).

	22.	 Nakanishi, H. et al. Joint effect of cigarette smoking and CFH and LOC387715/HTRA1 polymorphisms on polypoidal choroidal 
vasculopathy. Invest. Ophthalmol. Vis. Sci. 51, 6183–6187. https://​doi.​org/​10.​1167/​iovs.​09-​4948 (2010).

	23.	 Fan, Q. et al. Shared genetic variants for polypoidal choroidal vasculopathy and typical neovascular age-related macular degenera-
tion in East Asians. J. Hum. Genet. 62, 1049–1055. https://​doi.​org/​10.​1038/​jhg.​2017.​83 (2017).

	24.	 Sho, K. et al. Polypoidal choroidal vasculopathy: Incidence, demographic features, and clinical characteristics. Arch. Ophthalmol. 
121, 1392–1396. https://​doi.​org/​10.​1001/​archo​pht.​121.​10.​1392 (2003).

	25.	 Maruko, I., Iida, T., Saito, M., Nagayama, D. & Saito, K. Clinical characteristics of exudative age-related macular degeneration in 
Japanese patients. Am. J. Ophthalmol. 144, 15–22. https://​doi.​org/​10.​1016/j.​ajo.​2007.​03.​047 (2007).

	26.	 Wei, W. B. et al. Subfoveal choroidal thickness: The Beijing Eye Study. Ophthalmology 120, 175–180. https://​doi.​org/​10.​1016/j.​
ophtha.​2012.​07.​048 (2013).

	27.	 Cheung, C. M. G. et al. Pachychoroid disease. Eye (Lond.) 33, 14–33. https://​doi.​org/​10.​1038/​s41433-​018-​0158-4 (2019).

Acknowledgements
This work was supported in part by the Japan Society for the Promotion of Science (JSPS) KAKENHI Grant 
Numbers 19K09989 to HT and 16K11265 to YI.

Author contributions
Y.I. conceived the design and conduct of the study. Y.I., T.I., K.Y., S.Y., H.I., J.T., Y.N., A.F., E.H., and Y.T. col-
lected the data. All authors analyzed and interpreted the data, and were involved in the preparation, review, and 
approval of the manuscript.

Competing interests 
The swept-source optical coherence tomography device, spectral domain optical coherence tomography device, 
and color fundus camera used in this study was on loan from Carl Zeiss Meditec, Nidek, and Canon, respectively.

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

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

https://doi.org/10.1097/iae.0000000000000742
https://doi.org/10.1016/j.ajo.2018.07.004
https://doi.org/10.1007/s00417-018-4179-2
https://doi.org/10.1097/IAE.0000000000002271
https://doi.org/10.1007/s00417-018-4143-1
https://doi.org/10.1136/bjophthalmol-2018-312431
https://doi.org/10.1080/02713683.2016.1276196
https://doi.org/10.1097/IAE.0000000000001346
https://doi.org/10.1097/IAE.0000000000001346
https://doi.org/10.1038/s41598-019-47738-9
https://doi.org/10.1080/08820538.2018.1506483
https://doi.org/10.1097/iae.0000000000002019
https://doi.org/10.1167/iovs.16-20519
https://doi.org/10.1167/iovs.18-24244
https://doi.org/10.1167/iovs.18-24244
https://doi.org/10.1111/ceo.13438
https://doi.org/10.1038/s41598-019-42052-w
https://doi.org/10.1155/2019/8079127
https://doi.org/10.1167/iovs.18-25764
https://doi.org/10.1097/IAE.0000000000000815
https://doi.org/10.1097/IAE.0000000000000815
https://doi.org/10.3109/02713683.2013.850099
https://doi.org/10.1155/2016/2905789
https://doi.org/10.1038/eye.2014.100
https://doi.org/10.1167/iovs.09-4948
https://doi.org/10.1038/jhg.2017.83
https://doi.org/10.1001/archopht.121.10.1392
https://doi.org/10.1016/j.ajo.2007.03.047
https://doi.org/10.1016/j.ophtha.2012.07.048
https://doi.org/10.1016/j.ophtha.2012.07.048
https://doi.org/10.1038/s41433-018-0158-4
www.nature.com/reprints


7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:11278  | https://doi.org/10.1038/s41598-021-90493-z

www.nature.com/scientificreports/

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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Prevalence of and factors associated with dilated choroidal vessels beneath the retinal pigment epithelium among the Japanese
	Results
	Discussion
	Methods
	Participants. 
	OCT analysis. 
	Statistical analyses. 

	References
	Acknowledgements


