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Purpose: To elucidate the clinical characteristics and progression rates of pachychoroid and conventional
geographic atrophy (GA).

Design: Retrospective, multicenter, observational study.
Participants: A total of 173 eyes from 173 patients (38 eyes with pachychoroid GA and 135 with conven-

tional GA) from 6 university hospitals in Japan were included. All patients were Japanese, aged �50 years and
with fundus autofluorescence images having analyzable image quality. A total of 101 eyes (22 with pachychoroid
GA and 79 with conventional GA) were included in the follow-up group.

Methods: The studied eyes were classified as having pachychoroid or conventional GA; the former was
diagnosed if the eye had features of pachychoroid and no drusen. The GA area was semiautomatically measured
on fundus autofluorescence images, and the GA progression rate was calculated for the follow-up group.
Multivariable linear regression analysis was used to determine whether the rate of GA progression was associated
with GA subtype.

Main Outcome Measures: Clinical characteristics and progression rates of pachychoroid and conventional
GA.

Results: The pachychoroid GA group was significantly younger (70.3 vs. 78.7 years; P < 0.001), more male-
dominant (89.5 vs. 55.6%; P < 0.001), and had better best-corrected visual acuity (0.15 vs. 0.40 in logarithm of
the minimum angle of resolution; P ¼ 0.002), thicker choroid (312.4 vs. 161.6 mm; P < 0.001), higher rate of
unifocal GA type (94.7 vs. 49.6%; P < 0.001), and smaller GA area (0.59 vs. 3.76 mm2; P < 0.001) than the
conventional GA group. In the follow-up group, the mean GA progression rate (square-root transformation)
was significantly lower in the pachychoroid GA group than in the conventional GA group (0.11 vs. 0.27 mm/year;
P < 0.001).

Conclusions: Demographic and ocular characteristics differed between GA subtypes. The progression rate
of pachychoroid GA, adjusted for age and baseline GA area, was significantly lower than that of conventional GA.
Japanese patients with conventional GA showed characteristics and progression rates similar to those in White
populations. Some characteristics of GA in Japanese population differ from those in Waucasian populations,
which may be due to the inclusion of pachychoroid GA.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclo-
sures at the end of this article. Ophthalmology Science 2024;4:100528 ª 2024 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Geographic atrophy (GA) is recognized as a leading cause
of visual impairment in elderly people in developed coun-
tries.1 In recent years, evidence regarding on its prevalence,
risk factors, and clinical characteristics in White populations
has been growing. Moreover, in these populations, reticular
pseudodrusen, banded or diffuse trickling fundus
autofluorescence (FAF) pattern, multifocal GA, noncentral
GA, and bilateral GA have been reported as markers of
ª 2024 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.
rapid progression.2 Ethnic differences have been suggested
in the clinical features of GA, especially, its low
prevalence in Asian populations.3 However, it remains
unclear whether the GA progression rate and risk factors
for progression in White populations are also applicable to
Asian populations.

Geographic atrophy affects approximately 5 million
people worldwide.4 Currently, its prevalence remains low in
1https://doi.org/10.1016/j.xops.2024.100528
ISSN 2666-9145/24

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xops.2024.100528&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xops.2024.100528


Ophthalmology Science Volume 4, Number 5, October 2024
Asian countries; however, with the rapid aging of the
population, effective treatment for GA is becoming an
urgent medical need. Numerous previous studies have
examined potential treatments for GA, and a series of
suitable treatments have been recently approved in the
United States.5,6 Nevertheless, previous clinical trials have
not considered the impact of GA subtypes, and it has not
been discussed whether ethnic differences should be
considered in the application of these treatment methods.

Our recent study examined 173 Japanese patients with
GA, showing differences between the Japanese and White
population samples.7 We revealed that Japanese patients
with GA were male dominant and had small lesions, thick
choroids, and slow GA progression rates. Moreover, some
patients presented with GA without drusen but with features
of pachychoroid, known as pachychoroid GA. Although
Asian population sometimes presents with pachychoroid
GA, which differs from drusen-related conventional GA, the
characteristics of these 2 subtypes remain unclear.

In this study, we further examined a Japanese cohort with
GA to elucidate whether pachychoroid GA can account for
the unique clinical characteristics of Asian GA and clarify
whether drusen-related conventional GA has the same fea-
tures as GA in White populations.

Methods

Ethics Statement

This study adhered to the principles of the Declaration of Helsinki
and was approved by the institutional review board and Ethics
Committee of Kyoto University Graduate School of Medicine. The
requirement for written informed consent was waived because this
was a retrospective study and only anonymized data were used for
analysis.

Participants

The design of this retrospective multicenter study is described
elsewhere.7 Briefly, consecutive patients diagnosed with GA at 6
university hospitals in Japan (Kyoto University Hospital, Tokyo
Women’s Medical University Hospital, University of the
Ryukyus Hospital, Osaka University Hospital, Yokohama City
University Medical Center, and Kansai Medical University
Hospital) between January 2009 and December 2021 were
enrolled. The inclusion criteria were Japanese ethnicity, age �50
years, and definite GA in at least 1 eye. The diagnosis of GA
was based on the diagnostic criteria for GA in the Japanese
people, described in detail elsewhere.8,9 Briefly, GA diagnosis
required the following ocular findings: (1) at least 250 mm in
diameter, (2) round/oval/cluster-like or geographic in shape, (3)
sharp delineation, (4) hypopigmentation or depigmentation in
retinal pigment epithelium, and (5) clear visualization of large and
medium choroidal vessels, without any history of inherited dis-
eases, high myopia, chronic central serous chorioretinopathy
(CSC), traumatic injury, retinal epithelial tear, history of laser
photocoagulation, or macular neovascularization. Macular dystro-
phies and genetic causes of macular atrophy were excluded based
on clinical presentation such as age of onset, symmetry of the right
and left eyes and findings of FAF (such as flecks in Stargardt
disease). In the cases where inherited diseases were suspected,
electroretinography and genetic tests, if possible, were performed.
Otherwise, suspicious cases were excluded. Eyes without FAF
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images and those with poor image quality were excluded. If both
eyes met the inclusion criteria, only the right eye was included in
the study. Smoking status was confirmed using medical records.

Eyes with FAF images acquired at an interval of more than 6
months were included in the follow-up group. The dates of the first
and last FAF assessments were defined as the baseline and final
visits, respectively.

Multimodal Imaging Methods

All patients underwent a comprehensive ophthalmologic exami-
nation, which included assessments such as best-corrected visual
acuity (BCVA), slit-lamp biomicroscopy using a noncontact lens,
axial length, FAF, color fundus photography (CFP) (TRC50DX,
Topcon, Tokyo, Japan; TRCNW6S, Topcon; TRCNW8F, Top-
con), and either spectral-domain (SD) OCT (OCT3000, Carl Zeiss;
HRA, Heidelberg Engineering; Avanti, Optovue.) or swept-source
(SS) OCT (Atlantis, Topcon; Triton, Topcon). Fundus auto-
fluorescence images were obtained using a confocal scanning laser
ophthalmoscope (HRA Heidelberg Engineering) with a 30� � 30�
field of view centered on the fovea. The SD/SS-OCT images
included horizontal and vertical line scans through the foveal
center. Enhanced depth imaging OCT10 scans were also taken.

Image Analysis

Image analysis details are described elswhere.7 Briefly, drusen
were diagnosed based on CFP and SD/SS-OCT, and reticular
pseudodrusen were diagnosed based on multimodal imaging
findings, including CFP, SD/SS-OCT, and FAF. Central macular
thickness and subfoveal choroidal thickness (SFCT) were
measured manually on SD/SS-OCT images obtained by the vertical
and horizontal scans through the foveal center, and the values were
averaged. The SFCT was measured using either SS or Enhanced
depth imaging -OCT.

The GA location (central or non-central), GA pattern (unifocal
or multifocal), and measurements of central macular thickness and
SFCT were performed at each research institute. All CFP, FAF,
and SD/SS-OCT images were gathered at a single institute (Kyoto
University Hospital), and the study eyes were classified as having
conventional or pachychoroid GA. Pachychoroid GA was diag-
nosed when the following conditions were fulfilled: (1) clinical and
anatomical features of the pachychoroid phenotype were identified,
including reduced fundus tessellation on CFP and dilated outer
choroidal vessels on OCT and (2) no drusen were observed (Fig
1).11 The classification of GA was independently performed by 2
retinal specialists (Y.S. and N.UA.). In cases of disagreement, a
third retinal specialist (A.Takahashi) was consulted. The areas of
GA were measured on FAF images by a single assessor (Y.S.)
using the Region Finder software, version 1.10.2.0 (Heidelberg
Engineering). Reproducibility was confirmed by another assessor,
as previously reported.7

The GA progression rate was calculated as the difference in the
GA area between the baseline and final visit on FAF images,
divided by follow-up duration (mm2/year). The square root trans-
formation (SQRT) method12 was used to analyze the GA
progression rate to eliminate the dependence of GA progression
rate on the baseline GA area (mm/year).

Statistical Analysis

Statistical analysis was performed using JMP software (version
16.2; SAS Institute, Inc). All values are presented as the
mean � standard deviation or counts. BCVA was assessed using a
Landolt chart and converted to the logarithm of the minimum angle
of resolution (logMAR) for the statistical analysis. Continuous
variables were compared using the ManneWhitney U test. Each



Figure 1. Multimodal imaging of pachychoroid GA in a 63-year-old man (AeC), conventional GA in a 74-year-old man (DeF) and bilateral
pachychoroid GA in an 81-year-old man (GeL). A, D, G, J, Color fundus photography. B, E, H, K, Fundus autofluorescence images. C, I, Enhanced depth
imaging OCT. F, L, Spectral domain OCT. Yellow arrows indicate the scan lines of OCT images, that show complete retinal pigment epithelium and outer
retinal atrophy. Dilated outer choroidal vessels are seen in pachychoroid GA cases (C, I and L). Subfoveal choroidal thickness is 370 (C), 84 (F), 259 (I),
and 287 mm (L), respectively. GA ¼ geographic atrophy.

Sato et al � Pachychoroid and Conventional Geographic Atrophy
n � n table was evaluated using the Fisher exact test. Multivariable
linear regression analyses were used to assess the association be-
tween the GA subtypes and the rate of GA progression (SQRT). P
values of <0.05 were considered statistically significant.
Results

Of 173 study eyes, 38 (22.0%) and 135 (78.0%) were
classified as pachychoroid GA and conventional GA,
respectively. Table 1 shows the demographic and ocular
characteristics of the patients in both groups. The
pachychoroid GA group was significantly younger (70.3
vs. 78.7 years, P < 0.001), more male dominant (89.5 vs.
55.6%; P<0.001), and had a higher prevalence of smokers
(current or past; 89.7 vs. 52.5%; P < 0.001). Moreover, the
pachychoroid GA group demonstrated better BCVA (0.15
vs. 0.40 in logMAR, 20/28 vs. 20/50 in Snellen equivalent;
P ¼ 0.002), thicker choroid (312.4 vs. 161.6 mm; P <
0.001), and smaller GA size (0.59 [median: 0.28; range:
0.05e2.81] vs. 3.76 [median: 2.41; range: 0.05e24.88]
mm2; P < 0.001) compared with the conventional GA
group. None of the eyes in the pachychoroid GA group had
drusen or reticular pseudodrusen, whereas 115 (85.2%) eyes
had drusen and 73 (54.1%) eyes had reticular pseudodrusen
in the conventional GA group. Unifocal GA was more
prevalent in the pachychoroid GA group than in the con-
ventional GA group (94.7 vs. 49.6%; P < 0.001). A total of
61 (46.2%) patients in the conventional GA group had
bilateral GA, whereas only 1 (2.6%) patient in the
pachychoroid GA group did (P < 0.001). Late age-related
macular degeneration was observed in the fellow eye of 9
(23.7%) eyes in the pachychoroid GA group and in that of
106 (80.3%) eyes in the conventional GA group (P <
0.001).

Table 2 shows the demographic and ocular
characteristics of 22 eyes with pachychoroid GA and 79
eyes with conventional GA in the follow-up group. These
characteristics of each group were similar to those of the
entire study population. During the follow-up period (mean:
57.0 � 32.4 [median: 56.5] and 43.2 � 27.2 [median: 38.0]
months, respectively), the mean BCVA in logMAR changed
from 0.19 to 0.26 (Snellen equivalent, from 20/31 to 20/36)
in the pachychoroid GA group and from 0.39 to 0.55
(Snellen equivalent, from 20/49 to 20/71) in the conven-
tional GA group. The mean GA area increased from
0.65 � 0.88 (median: 0.26) to 1.91 � 2.05 (median: 1.10)
mm2 in the pachychoroid GA group and from 3.36 � 3.61
(median: 2.29) to 7.24 � 7.15 (median: 5.47) mm2 in the
conventional GA group (Fig 2). The mean GA progression
3



Table 1. Demographic and Ocular Characteristics of Pachychoroid and Conventional GA Groups

Characteristics Pachychoroid GA Conventional GA P Value

Patients, n 38 135
Age (median, range), years 70.3 � 7.5 (70, 56e86) 78.7 � 8.3 (80, 53e97) <0.001
Sex, n, males (%) 34 (89.5) 75 (55.6) <0.001
Smoking status, n, current or former (%); n ¼ 151 26 (89.7) 64 (52.5) <0.001
Axial length (median), mm; n ¼ 123 23.4 � 0.9 (23.3) 23.5 � 0.9 (23.5) 0.752
BCVA, logMAR (Snellen equivalent) 0.15 � 0.27 (20/28) 0.40 � 0.45 (20/50) 0.002
CMT (median, range), mm 143.6 � 63.8 (149.5, 7.0e242.0) 145.3 � 74.5 (151, 6.0e617.0) 0.283*
SFCT (median, range), mm 312.4 � 116.0 (322, 140.5e622.0) 161.6 � 74.4 (153, 36.5e414.0) <0.001y

GA area (median, range), mm2 0.59 � 0.76 (0.28, 0.05e2.81) 3.76 � 4.26 (2.41, 0.05e24.88) <0.001
GA area (SQRT) (median, range), mm 0.66 � 0.40 (0.52, 0.23e1.68) 1.66 � 1.01 (1.55, 0.23e4.99) <0.001
GA location, central/non-central 16/22 74/61 0.199
GA type, unifocal/multifocal 36/2 67/68 <0.001
Drusen, n, present (%) 0 (0) 115 (85.2) <0.001
Reticular pseudodrusen, n, present (%) 0 (0) 73 (54.1) <0.001
Fellow eye status, GA/neovascular
AMD/intermediate AMD/no AMDz

1/8/0/29 61/45/22/4 <0.001

AMD ¼ age-related macular degeneration; BCVA ¼ best-corrected visual acuity; CMT ¼ central macular thickness; GA ¼ geographic atrophy;
logMAR ¼ logarithm of the minimum angle of resolution; n ¼ number of patients; SFCT ¼ subfoveal choroidal thickness; SQRT ¼ square-root
transformation.
*Age-adjusted.
yAge and sex-adjusted.
zThree patients lacked information on their fellow eyes due to phthisis.
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rate (SQRT) was significantly lower in the pachychoroid
GA group than in the conventional GA group
(0.11 � 0.07 [median: 0.09] vs. 0.27 � 0.18 [median:
0.25] mm/year, P < 0.001). There was no significant
difference in the SFCT thinning rate between the 2 groups
(6.5 vs. 4.1 mm/year; P ¼ 0.093).

Figure 3 presents a scatter plot showing the association
between the baseline GA area (SQRT) and GA
progression rate (SQRT) in the follow-up group. The
baseline GA area (SQRT) in the conventional GA group
showed a relatively wide range, whereas in the pachychor-
oid GA group, it was small in most cases. Multivariable
linear regression analysis adjusted for baseline GA area
(SQRT), and age showed that GA progression rate (SQRT)
was significantly associated with GA subtypes (P ¼ 0.034).
Discussion

In this study, we elucidated the different clinical character-
istics of 2 GA subtypes in a Japanese population. Takahashi
et al previously investigated pachychoroid GA in relatively
younger Asian populations and showed that it is character-
ized by features such as a thick choroid, choroidal vascular
hyperpermeability, small lesions, absence of drusen, and
slow progression.11 Within our current Japanese cohort, 38
(22.0%) patients were classified into the pachychoroid GA
group. Notably, these patients were significantly younger
and predominantly male and had better BCVA, a thicker
choroid, a higher prevalence of unifocal-type GA, smaller
sized GA lesions, and a slower progression rate than those
with conventional GA. The present findings are consistent
with those of the previous study.11 In our recent report, the
4

GA progression rate was significantly associated with the
baseline GA area, even when using the SQRT method.7 In
the present study, multivariable linear regression analysis
adjusted for baseline GA area (SQRT), and age showed
that the progression rate of pachychoroid GA was
significantly lower than that of the conventional GA
(regression coefficient, 4.7 � 10�2; 95% confidence
interval, 3.7�10�3e9.0 � 10�2; P ¼ 0.034). This is the
first study to demonstrate that GA progression rates were
significantly different between pachychoroid and
conventional GA correcting for the baseline GA area.

The clinical characteristics of GA in Asian populations
remain poorly understood. Teo et al compared the clinical
characteristics of GA between Asian and non-Asian pop-
ulations,13 showing a slower GA progression rate (SQRT)
in Asian populations than in non-Asian populations (0.2
vs. 0.4 mm/year measured with near-infrared imaging;
P < 0.01; 0.1 vs. 0.3 mm/year measured on FAF; P <
0.01). The higher GA progression rate in Asian pop-
ulations was associated with the presence of drusen and a
large baseline GA area. Although the study did not ac-
count for GA subtypes (pachychoroid and conventional
GA), pachychoroid GA may have been involved in the
slow progression rate observed in the Asian cohort. In
Asian populations, the pachychoroid is common, partially
leading to various conditions such as polypoidal choroidal
vasculopathy, pachychoroid neovascularization, or
pachychoroid GA.14 The high prevalence of pachychoroid
GA could help explain the slow GA progression rate in
Asian populations.

In our cohort, the characteristics of conventional GA
were more similar to those reported in White populations.
This includes age (78.7 vs. 69.7e83.0 years),15,16 bilateral



Table 2. Demographic and Ocular Characteristics at Baseline and the Final Visit in the Follow-Up Group

Characteristics

Pachychoroid GA Conventional GA P value*

Baseline Final Baseline Final Baseline Final

Patients, n 22 79
Follow-up period (median,

range), month
57.0 � 32.4 (56.5, 6e123) 43.2 � 27.2 (38.0, 6e110) 0.078

Age (median, range), years 71.2 � 8.7 (70.5, 56e86) 76.1 � 7.6 (76, 63e90) 78.1 � 8.2 (79, 53e94) 81.7 � 7.9 (83, 58e95) 0.002 0.002
Sex, n, males (%) 20 (90.9) 43 (54.4) 0.002
Smoking status, n, current or

former (%); n ¼ 90
16 (84.2) 34 (47.9) 0.005

Axial length (median), mm;
n ¼ 80

23.4 � 1.0 (23.3) 23.5 � 0.9 (23.6) 0.447

BCVA, logMAR (Snellen
equivalent)

0.19 � 0.30 (20/31) 0.26 � 0.31 (20/36) 0.39 � 0.46 (20/49) 0.55 � 0.53 (20/71) 0.086 0.026

CMT (median, range), mm 146.5 � 60.2 (152.5, 17.0e224.0) 121.1 � 74.2 (146, 9.0e227.0) 148.5 � 84.8 (151, 6.0e617.0) 116.5 � 71.4 (105, 6.0e285.0) 0.072y 0.021y

SFCT (median, range), mm 325.0 � 125.2 (324, 140.5e622.0) 287.7 � 109.7 (292, 110.5e571.0) 164.4 � 78.5 (155, 36.5e414.0) 150.1 � 77.5 (143, 15.5e414.0) <0.001z <0.001z

CMT thinning (median, range),
mm/year

4.7 � 8.2 (2.6, �8.0 to 21.8) 13.6 � 27.6 (5.1, �12.5 to 162.4) 0.097

SFCT thinning (median, range),
mm/year

6.5 � 16.1 (5.4, �50.4 to 32.0) 4.1 � 15.3 (3.4, �62 to 58.2) 0.093

GA area (median, range), mm2 0.65 � 0.88 (0.26, 0.07e2.81) 1.91 � 2.05 (1.10, 0.15e6.75) 3.36 � 3.61 (2.29, 0.05e16.16) 7.24 � 7.15 (5.47, 0.16e37.10) <0.001 <0.001
GA area [SQRT] (median,

range), mm
0.68 � 0.44 (0.50, 0.26e1.68) 1.20 � 0.70 (1.05, 0.38e2.60) 1.56 � 0.96 (1.51, 0.23e4.02) 2.38 � 1.26 (2.34, 0.40e6.09) <0.001 <0.001

GA progression rate (median,
range), mm2/year

0.23 � 0.25 (0.12, 0.02e1.08) 1.22 � 1.13 (0.81, 0.02e4.59) <0.001

GA progression rate [SQRT]
(median, range), mm/year

0.11 � 0.07 (0.09, 0.02e0.34) 0.27 � 0.18 (0.25, 0.01e0.70) <0.001

GA location, central/non-central 8/14 11/11 43/36 55/24 0.154 0.127
GA type, unifocal/multifocal 21/1 21/1 42/37 38/41 <0.001 <0.001
Drusen, n, present (%) 0 (0) 67 (84.8) <0.001
Reticular pseudodrusen, n,

present (%)
0 (0) 43 (54.4) <0.001

MNV development, nx 1 5 1.000
Fellow eye status, GA/

neovascular AMD/
intermediate
AMD/no AMD; n ¼ 100k

1/6/0/15 3/6/0/13 30/31/15/2 34/33/9/2 <0.001 <0.001

AMD ¼ age-related macular degeneration; BCVA ¼ best-corrected visual acuity; CMT ¼ central macular thickness; GA ¼ geographic atrophy; logMAR ¼ logarithm of the minimum angle of resolution;
MNV ¼ macular neovascularization; n ¼ number of patients; SFCT ¼ subfoveal choroidal thickness; SQRT ¼ square-root transformation.
*Pachychoroid GA vs conventional GA.
yAge-adjusted.
zAge and sex-adjusted.
xThe subsequent period was not included in the follow-up analysis when macular neovascularization developed during the course of the disease.
kIn 1 patient, information on the fellow eye was lacking due to phthisis.
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Figure 2. Progression of pachychoroid GA in a 70-year-old man with 73 months’ follow-up (A, C and E), and an 86-year-old man with 42 months’ follow-
up (B, D and F), alongside that of conventional GA in an 83-year-old man with 92 months’ follow-up (G, I) and an 87-year-old woman with 73 months’
follow-up (H, J). A, B, G, H, Fundus autofluorescence images. Yellow arrows indicate the scan lines of OCT on panels C, D, I and J. Yellow dotted arrows
indicate the scan lines of OCT through the GA lesion on panels E and F. Enhanced depth imaging OCT shows dilated outer choroidal vessels (C, D).
Spectral-domain OCT images demonstrate complete outer retinal atrophy (E, F, I and J). In all cases, the GA area increased from baseline to the final visit.
The GA progression rate (square-root transformation; SQRT) was 0.07 (A), 0.07 (B), 0.16 (G), and 0.33 mm per year (H), respectively. GA ¼ geographic
atrophy.
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GA rate (46.2 vs. 23.0%e67.4%),17,18 multifocality rate
(50.4 vs. 23.0%e77.2%),19,20 and reticular pseudodrusen
prevalence (54.1 vs. 36%e38%)21,22 In addition,
conventional GA of a size consistent with that defined by
Figure 3. Scatter plot showing the association between baseline GA area
(SQRT) and GA progression rate (SQRT) in the follow-up group. The red
dots show the cases of pachychoroid GA; the blue dots show the cases of
conventional GA. The straight lines are the regression lines of the 2 groups
(pachychoroid GA group; Y ¼ 0.085 þ 0.031 � X, conventional GA
group, Y ¼ 0.169 þ 0.065 � X). GA ¼ geographic atrophy; sqrt ¼ square-
root transformation.

6

clinical trial eligibility criteria showed GA progression rate
(SQRT) (0.33 mm/year) similar to that of the sham group
in these trials (0.35e0.40 mm/year,5,6 Table 3). Our
previous report showed that some characteristics of GA in
a Japanese population differ from those in White
populations.7 However, except for pachychoroid GA,
drusen-related conventional GA in Asian populations pre-
sents with characteristics similar to those observed in White
populations.

The pathogenesis of drusen-related GA is considered to
be closely related to chronic inflammation via the comple-
ment pathway.23,24 Recently, complement C3 and C5
inhibitors have been approved for the treatment of GA.5,6

However, the pathogenesis of pachychoroid GA remains
unclear. In a previous study, the patients with
pachychoroid GA were found to be less likely to present
with a risk allele in ARMS2 A69S compared to those with
conventional GA, whereas the frequencies of risk allele in
either CFH I62V or CFH Y402H were comparable.11 It is
currently unknown whether complement factor inhibitors
are effective against pachychoroid GA. Furthermore, given
its slow progression rate, including pachychoroid GA in
clinical trials may lower the margin to determine treatment
efficacy. Conventional drusen-related GA in Asian pop-
ulations, whose characteristics are comparable to those of



Table 3. Demographic, Ocular Characteristics and GA Progression Rates of Patients With Conventional GA > 2.5 mm2 at Baseline in
the Current Study and Previous Studies With White Samples

Characteristics Current Study Liao et al 20205 Jaffe et al 20216

Patients, n, (eyes) 35 (35) 81 (81) 110 (110)
Ethnicity Japanese (100%) White (100%) White (97.3%)
Follow-up period, months 42.8 12 12
Age, years 76.5 78.4 78.2
Sex, %, males 57.1 39.5 28.2
Baseline GA area eligibility threshold >2.5 mm2 and <17.5 mm2 >2.5 mm2 and <17.5 mm2 >2.5 mm2 and <17.5 mm2

Baseline GA area, mm2 6.43 8.2 7.42
Baseline GA area [SQRT], mm 2.46 2.8 2.63
GA progression rate, mm2/year 1.96 2.12 NA
GA progression rate [SQRT], mm/year 0.33 0.35 0.40

GA ¼ geographic atrophy; n ¼ number of patients; SQRT ¼ square-root transformation.
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GA in White populations, could be included in the clinical
trials of complement factor inhibitors or treatment targeting
other pathways.

Recent studies have reported on an acquired vitelliform
lesion associated with pachychoroid disease, termed
pachyvitelliform maculopathy.25,26 Hilely et al reported that
41% of pachyvitelliform maculopathy cases developed
macular atrophy and suggested that inner choroidal or
choriocapillaris ischemia might cause impairment and
dysfunction of the retinal pigment epithelium, leading to
retinal pigment epithelium atrophy.25 This proposed
pathway could be a contributing factor for the
development of pachychoroid GA.

In clinical practice, White patients may present with
pachychoroid spectrum diseases, such as polypoidal choroidal
vasculopathy or CSC. Although pachychoroid GA can also
develop in White populations, the incidence of this disease is
likely to differ from that in Asian populations. Consequently,
clinical trials investigating treatments for GA may benefit
from including GA subtypes in their eligibility criteria.

The current study has several limitations. First, this was a
retrospective study, and some data were unavailable. Sec-
ond, the current diagnostic criteria for pachychoroid GA
continue to evolve. Choroidal thickness varies with age and
axial length,27 which may need to be considered at the time
of diagnosis. In addition, it is often difficult to distinguish
between inherited diseases such as Stargardt disease and
pachychoroid GA. In this study, patients with macular
atrophy for whom inherited diseases could not be ruled
out were excluded. Third, we excluded patients with a
history of chronic CSC to distinguish focal atrophy due to
CSC. However, determining such a history of CSC is
often difficult because the condition may present
subclinically. Fourth, the baseline GA area in most
patients with pachychoroid GA in our cohort was small,
and information on large-sized pachychoroid GA was not
available. Finally, the current study did not include genetic
information. Further long-term observation of a larger
number of patients with pachychoroid GA, accounting for
genetic information, is required to elucidate the natural
course, including the GA progression rate and pathogenesis.

In conclusion, this study provides insight into the clinical
characteristics of pachychoroid and conventional drusen-
related GA. Asian patients with GA were male dominant
and had small lesions, a relatively thick choroid, and a
low GA progression rate. The high prevalence of
pachychoroid GA may account for its clinical characteristics
in Asian populations. Conventional drusen-related GA
observed in Asian populations is similar to that observed in
White populations. Researchers should consider these dif-
ferences in GA subtypes when designing studies and
considering interventions for GA.
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