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Purpose: To elucidate the prevalence of soft drusen, pseudodrusen, and pachydrusen and their 5-year
changes in a Japanese population.

Design: Longitudinal population-based cohort study conducted from 2013 through 2017.
Participants: Residents 40 years of age or older.
Methods: Nonmydriatic color fundus photographs were used to grade drusen subtypes and retinal pigment

epithelium (RPE) abnormalities according to the Three Continent Age-Related Macular Degeneration Consortium.
The 5-year changes of each drusen were investigated.

Main Outcome Measures: The prevalence of each drusen subtype and the 5-year changes of each drusen.
Results: Among 1731 participants, 1660 participants had gradable photographs that were assessed. The

age-adjusted prevalence of soft drusen, pachydrusen, and pseudodrusen was 4.3% (95% confidence interval
[CI], 3.2%e5.8%), 7.7% (95% CI, 6.2%e9.7%), and 2.8% (95% CI, 1.7%e4.2%), respectively. Pachydrusen
accounted for 82.0% (n ¼ 50) of the extramacular drusen (n ¼ 61). Pigment abnormalities were seen in 28.3% and
8.3% of eyes with soft drusen and pachydrusen, respectively (P < 0.0001). Longitudinal changes were investi-
gated in 1444 participants with follow-up examinations, which showed an increase in size in 8.3% and 3.7% and
regression in 1.7% and 5.5% for eyes with soft drusen and pachydrusen, respectively. No participants
demonstrated RPE atrophy after pachydrusen regression.

Conclusions: The prevalence of pachydrusen was higher than that of soft drusen and pseudodrusen
combined. Pachydrusen may regress over time and typically is not associated with RPE atrophy as detected
using color fundus photographs. Ophthalmology Science 2021;1:100081 ª 2021 Published by Elsevier Inc. on
behalf of 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/).

Supplemental material available at www.ophthalmologyscience.org.
Drusen are a hallmark of early age-related macular degener-
ation (AMD).1,2 Longitudinal studies have reported that soft
drusen generally increase in size over time and
subsequently regress.1 Regression of soft drusen is
associated with the subsequent degeneration and atrophy of
the retinal pigment epithelium (RPE) and photoreceptors.1,3

Pseudodrusen also confer a high risk of late AMD,4e7 and
outer retinal atrophy may develop with regression. Addi-
tionally, soft drusen and pseudodrusen are associated with a
high risk of progression to neovascular AMD.1,2,8

Recently, considerable attention has been paid to pachy-
drusen,9 which are a peculiar form of drusen-like deposits10

that are frequently found in eyes with exudative
maculopathies in elderly Asians.11e16 Pachydrusen are
larger than 125 mm in diameter and are characterized by
distinct contours, show a scattered pattern of distribution
throughout the posterior pole, and are not associated with
overlying pigment that may have been diagnosed as soft
distinct drusen.9,17 Essentially, the diagnosis is made through
ª 2021 Published by Elsevier Inc. on behalf of the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
color fundus photography,9 and OCT, fluorescein
angiography, and indocyanine green angiography may aid
in diagnosis.12,14,15 Pachydrusen are increasingly reported
in the fellow eyes of patients with unilateral exudative
AMD13e15 and dry AMD11 and in eyes with central
serous chorioretinopathy.12 Moreover, pachydrusen are
associated with an increased choroidal thickness, which
may result in an increased risk of developing type 1
choroidal neovascularization or polypoidal choroidal
vasculopathy.10,14,17

Increasingly, pachydrusen have been recognized to be
structurally and morphologically distinct from soft drusen
and pseudodrusen, although consensus diagnostic criteria
have not yet been reached. Moreover, their epidemiologic
significance is uncertain. The prevalence of pachydrusen in
the general population is unknown, and no population
studies have investigated the natural history of eyes with
pachydrusen. Hence, whether they actually progress over
time and confer a risk for exudative maculopathies
1https://doi.org/10.1016/j.xops.2021.100081
ISSN 2666-9145/21

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://crossmark.crossref.org/dialog/?doi=10.1016/j.xops.2021.100081&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xops.2021.100081
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.ophthalmologyscience.org


Ophthalmology Science Volume 1, Number 4, December 2021
developing, such as polypoidal choroidal vasculopathy and
RPE atrophy in the general population, is not clear. In this
regard, it is worth mentioning that only when they were
present with pigment abnormalities are distinct drusen
considered to constitute early AMD in major epidemiologic
studies.18e20 To address these issues, we investigated the
prevalence of soft drusen, pseudodrusen, and pachydrusen
and their 5-year changes in a cohort study conducted in
Hokkaido, in northern Japan.

Methods

Study Design

Data from the Rumoi Cohort Study were used for this study. The
study was conducted following the tenets of the Declaration of
Helsinki, and it was approved by the institutional research board of
Asahikawa Medical University (approval no., 858). Written
informed consent was obtained from all participants.

Participants

The details regarding the Rumoi Cohort Study were reported
previously.21 Briefly, Rumoi is a seaside rural city in Hokkaido
prefecture located in northern Japan. Participants were recruited
using the town bulletin, posters, and direct phone calls to
businesses and public offices located in the city. Among the
15 373 residents, 1731 people 40 years of age or older (based
on the Rumoi city resident register as of January 2015) were
recruited for the study. This equated to 11% of the residents
40 years of age or older. Color fundus photographs (CFPs)
and physical examinations were obtained at the Rumoi health
station.

Baseline examinations were performed from January 2013
through March 2015. Additionally, 1444 of the original partici-
pants (83.4%) took part in at least 1 annual follow-up examination
conducted from 2013 through 2017. History of physician-
diagnosed disease and medication use were recorded during the
examinations. All items were assessed by physicians, public health
nurses, or registered nurses. A digital nonstereo retinal camera
(model AFC-230; Nidek, Aichi, Japan) was used to record the
CFPs.

Age-Related Macular Degeneration Grading

Grading was based on the Three Continent AMD Consortium,22

which was developed by harmonizing the grading systems used
by the population-based Rotterdam Study, the Beaver Dam Eye
Study, the Los Angeles Latino Eye Study, and the Blue Mountains
Eye Study.18,19,23,24 The Three Continent AMD Consortium was
developed for epidemiologic studies and does not distinguish
between early and intermediate AMD; hence, it is a 3-category
scale (no AMD, early AMD, and late AMD). Exclusion criteria
were defined as follows: participants with poor-quality CFPs of
both eyes and eyes with other conditions that would interfere with
the precise grading of AMD. Each image was graded for drusen,
pigment abnormalities, and late AMD. Drusen size within the
macula grid was determined using the standard circles (a 3000-mm
radius centered on the fovea). The Three Continent Consortium
severity scale22 defines early AMD as the presence of small to
intermediate drusen (< 125 mm in diameter) with any
pigmentary abnormality, large drusen (soft distinct or soft
indistinct drusen with a diameter of � 125 mm), retinal pigment
abnormalities (hyperpigmentation or hypopigmentation) in the
absence of late AMD, or a combination thereof. Late AMD was
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defined as the presence of exudative AMD or geographic atrophy
(GA). Exudative AMD was defined as RPE detachment or
serous detachment of the sensory retina, subretinal or sub-RPE
hemorrhage, and subretinal fibrous scarring. Geographic atrophy
was defined as sharply edged, roughly round or oval areas of RPE
hypopigmentation with clearly visible choroidal vessels.

Assessment of Drusen Subtypes and Pigmentary
Changes

Drusen subtypes were determined on the basis of CFPs using the same
criteria according to published definitions.2,9 Figure 1 shows
representative photographs for each drusen. In 22 eyes, more than 1
drusen subtype was observed. Similar to previous studies,13,14 eyes
with both pseudodrusen and soft drusen were classified into the
pseudodrusen group and those with both soft drusen and pachydrusen
were classified into the soft drusen group. Pigmentary changes were
defined as depigmentation or hyperpigmentation with a size larger
than one-eighth of the disc diameter.10

All grades were assigned by 2 independent ophthalmologists
(M.S.-A. and Y.Y.) who were unaware of the participants’ infor-
mation. Our definitionwas discussed among the graders after the first
grading of 200 cases to improve the accuracy and repeatability.25 In
total, 100 eyes were selected to evaluate intergrader agreement, and
the resultant k score was 0.65, 0.70, 0.69, 0.40, and 0.66 for soft
drusen, pachydrusen, pseudodrusen, pigment abnormality, and late
AMD, respectively. Any disagreement was resolved either by
open adjudication or another retinal specialist (S.O.).

Drusen Changes over Time

Using a side-by-side evaluation of the CFPs between visits, we
assessed changes of drusen over time, focusing on the individual
drusen size, drusen area as estimated by the closest circle area, and
RPE atrophy.26e28 Eyes in which the individual or total drusen
area increased in size or eyes in which RPE atrophy developed
were categorized into the “increase in size” group. Eyes that
showed partial or complete regression of individual drusen or a
decreased area of total drusen were categorized into the “regres-
sion” group. If none of these changes were observed, eyes were
categorized into the “stable” group. Two ophthalmologists
assessed the images independently, and any disagreement was
resolved by open adjudication. For the stratified analysis, we
categorized the eyes on the basis of the total drusen area size; for
this purpose, we used the O2 circle, which is defined as a circle
with a diameter of 650 mm.22,29

Statistical Analysis

We conducted a per-eye analysis for signs of early AMD and per-
individual analysis for signs of late AMD, similar to previous
studies.30,31 Briefly, we used the right eye of the participant for
drusen classification. The left eye was used when the right eye
was ungradable for any of the aforementioned reasons. For late
AMD, both eyes were used for the analysis to avoid
underestimation. Additionally, we used both eyes of all
participants and investigated the drusen prevalence per individual
and the symmetricity of the drusen subtypes.

Age- and gender-specific prevalence of soft drusen, pachy-
drusen, pseudodrusen, RPE abnormalities, and early and late AMD
were calculated. Using the direct method with reference to the
Rumoi population figures published on the official homepage in
Rumoi city, the age-adjusted standardized prevalence was assessed
after determining crude prevalence. The CochraneArmitage test
was used to analyze the age trend, whereas the
CochraneManteleHaenszel test was used to evaluate differences



Figure 1. Representative color fundus photographs (CFPs) of each drusen subtype and pigment abnormality. A, Soft drusen. The CFP shows round or
ovoid deposits with a poorly defined border; they can be tightly packed and confluent in the center of the macula. B, Pseudodrusen. The CFP shows
whitish deposits scattered with irregular outer contours that do not involve the central macula and a characteristic reticular pattern. C, Pachydrusen. The
CFP shows yellow-white deposits, which have an ovoid or more complex and well-defined irregular outer border compared with soft drusen and are
present in isolated or scattered patterns anywhere in the temporal vascular arcades. D, Pigment abnormalities. The CFP shows hyperpigmentation at the
center of the macula.
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in terms of sex. The unadjusted P value was assessed using the
Wilcoxon rank-sum test and Fisher exact test. Using logistic
regression analysis, the P value adjusted for age and sex was
assessed. Differences in the demographic characteristics between
participants with gradable and ungradable CFPs also were
assessed. For all analyses, R software version 3.6.3 (R Foundation
for Statistical Computing, Vienna, Australia) and EZR (Jichi
Medical University, Saitama, Japan), a graphical user interface for
R, were used.32 For this study, P < 0.05 was considered
statistically significant.
Results

Characteristics of Participants

Among the 1731 participants in this study, 37 who were
diagnosed as undeterminable from the CFPs and 34 with
ungradable CFPs of both eyes were excluded. The most
common causes of ungradable photographs were insufficient
light caused by miosis and marked opacity of the medium.
A total of 1660 participants were assessed, 1444 (83.4%) of
whom took part in the annual follow-up examination during
the 5-year follow-up period (Supplemental Fig 1). The mean
age of the ungradable participants was older than that of the
gradable participants (P < 0.001; Supplemental Tables 1
and 2). The numbers of participants examined at each
annual visit were 1660, 1444, 1269, 1071, and 826 at
years 1, 2, 3, 4, and 5, respectively.
Prevalence of Age-Related Macular
Degeneration

Of the 1660 participants, 194 (11.7%) had early AMD.
Participants with early AMD were older than those without
early AMD (mean age, 63.8 and 56.8 years, respectively; P
< 0.001). The background characteristics of the participants
are presented in Table 1 and Supplemental Table 3. The age-
adjusted prevalence of late AMD was 0.06% (95% confi-
dence interval [CI], 0.001%e0.6%) in this population.
Notably, a 68-year-old man was found to have unilateral
GA. Of the examined eyes, none showed exudative AMD.
However, 10 eyes showed subretinal fibrosis that was not
associated with medium or large drusen.
Prevalence of Age-Related Macular
Degeneration Lesions and Drusen Subtypes

Among the 1660 participants, 60, 109, and 25 showed soft
drusen, pachydrusen, and pseudodrusen, respectively. Eight
participants showed both pseudodrusen and soft drusen, and
14 participants showed both soft drusen and pachydrusen.
No eyes showed both pseudodrusen and pachydrusen.

The age-adjusted prevalences of soft drusen, pachy-
drusen, reticular pseudodrusen, and pigment abnormalities
were 4.3% (95% CI, 3.2%e5.8%), 7.7% (95% CI, 6.2%e
9.7%), 2.8% (95% CI, 1.7%e4.2%), and 2.7% (95% CI,
1.8%e4.0%), respectively. Increasing age was associated
3



Table 1. Participants’ Baseline Characteristics

Characteristic Total (n [ 1660)

Early Age-Related Macular Degeneration

Unadjusted P ValuePresent (n ¼ 194) Absent (n ¼ 1466)

Age (yrs) 57.6 � 10.9 63.8 � 9.7 56.8 � 10.8 <0.001*
Male sex 57.5 (955) 58.2 (113) 57.4 (842) 0.877y

BMI (kg/m2) 24.2 � 3.8 23.8 � 3.4 24.2 � 3.8 0.185*
Diabetes mellitus 6.5 (107) 5.2 (10) 6.6 (97) 0.534y

Hypertension 20.2 (335) 25.3 (49) 19.5 (286) 0.070y

BMI ¼ body mass index.
Data are presented as mean � standard deviation or percentage (no.). Results from multivariate regression analysis are shown in Supplemental Table 1.
*Wilcoxon rank-sum test.
yFisher exact test.
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with all drusen subtypes and pigment abnormalities (P <
0.05 for all, CochraneArmitage test). The prevalence of soft
drusen and pigment abnormalities in men was significantly
higher than that in women (4.3% vs. 2.7% [P ¼ 0.024] and
2.7% vs. 1.6% [P ¼ 0.044], respectively), whereas reticular
pseudodrusen was less frequent in men (0.6% vs. 2.7% [P ¼
0.046]). No gender preponderance was found for pachy-
drusen. Furthermore, 61 eyes harbored drusen exclusively
located in the extramacular regions. Pachydrusen accounted
for most of the drusen located in the extramacular region;
that is, soft drusen, pachydrusen, and reticular pseudodrusen
accounted for 6.6%, 82.0%, and 11.5%, respectively
(Table 2).

The percentage of eyes with a smaller total drusen area
(overall drusen area less than the O2 circle) was 50% (n ¼
30) and 67% (n ¼ 73) for soft drusen and pachydrusen,
respectively (P < 0.0001). Additionally, concomitant
pigment abnormalities were seen in 28.3% (n ¼ 17) and
8.3% (n ¼ 9) of eyes with soft drusen and pachydrusen,
respectively.

As per individual analysis, 86, 140, and 27 participants
demonstrated soft drusen, pachydrusen, and pseudodrusen,
respectively (Supplemental Table 4). Among those in whom
both eyes were gradable (n ¼ 1599), 241 participants
(15.1%) demonstrated soft drusen, pseudodrusen,
pachydrusen, or a combination thereof in either eye.
Furthermore, among the participants who showed soft
drusen, pseudodrusen, pachydrusen, or a combination
thereof in either eye, 164 participants (68.0%) were
affected unilaterally, whereas 77 participants (32.0%) were
affected bilaterally. When soft drusen, pseudodrusen,
pachydrusen, or a combination thereof were found in both
eyes, the drusen subtypes were the same in both eyes in
66 participants (85.7%); in particular, pseudodrusen (n ¼
22) were bilateral in all participants. Of the participants
who harbored soft drusen or pachydrusen in either eye
(n ¼ 55), 44 showed the same drusen subtype in the
fellow eye (80.0%; Supplemental Table 5).

Longitudinal Changes of Drusen

At least 1 follow-up examination was available for 194 eyes
with soft drusen (n ¼ 60), pachydrusen (n ¼ 109), and
pseudodrusen (n ¼ 25). Each drusen type indicated different
4

dynamic changes; an increase in size was noted in 8.3%,
3.7%, and 8.0%, and regression was noted in 1.7%, 5.5%,
and 0% of eyes with soft drusen, pachydrusen, and pseu-
dodrusen, respectively. No changes were found in the dru-
sen subtype; pachydrusen remained as pachydrusen and
never evolved into soft drusen, and vice versa.

A larger drusen area was numerically associated with the
increased size of soft drusen; 3.3% of eyes with a smaller
soft drusen area experienced an increase in size compared
with 13.3% of eyes with a larger soft drusen area. By
contrast, an increase in size was noted in 4.1% of eyes with
a small pachydrusen area compared with 2.8% of eyes with
a large pachydrusen area. Among the 4 eyes that demon-
strated pachydrusen progression, coalescence was observed
only in 1 eye (Supplementary Fig 2), whereas the individual
drusen increased in size in the other 3 eyes. Moreover,
regression was noted in 4.1% and 8.3% of eyes with a
small and large pachydrusen area, respectively. No
participants demonstrated RPE atrophy after regression of
pachydrusen. Notably, pseudodrusen did not regress in
this cohort during the follow-up period (Table 3).
Additionally, no eyes in the cohort with early AMD
progressed to late AMD within the 5-year follow-up
period. Figure 2 shows the representative changes of the
eyes with soft drusen and pachydrusen. The 5-year inci-
dence of soft drusen during follow-up was 1.5% (21 par-
ticipants) and 2.7% (39 participants) per eye and individual
analysis, respectively. No participants demonstrated
pachydrusen or pseudodrusen de novo during the 5-year
follow-up period.
Discussion

In this study, we investigated the prevalence of each drusen
subtype, early AMD, and late AMD. We also investigated
the longitudinal changes of these extracellular deposits and
disclosed important differences between pachydrusen and
soft drusen. The prevalence of early AMD in Asia varies
from 1.4% to 37.9%, and this variation is attributable to the
different classifications used in different studies.33 The
prevalence of pachydrusen in a general population has not
been elucidated. In this cohort, the age-standardized preva-
lence of pachydrusen was 7.7% and 10% among participants



Table 2. Prevalence of Each Drusen Subtype

Soft Drusen Pachydrusen Pseudodrusen Pigment Abnormalities
Late Age-Related

Macular Degeneration

Crude prevalence
Age group (yrs)

40e49 (n ¼ 457) 1.8 (8) 2.2 (10) 0.0 (0) 0.9 (4) 0 (0)
50e59 (n ¼ 479) 2.9 (14) 6.7 (32) 0.2 (1) 1.7 (8) 0 (0)
60e69 (n ¼ 469) 4.7 (22) 8.3 (39) 1.5 (7) 3.2 (15) 0.2 (1)
70þ (n ¼ 255) 6.3 (16) 11.0 (28) 6.7 (17) 3.9 (10) 0 (0)
Total 40þ (n ¼ 1660) 3.6 (60) 6.6 (109) 1.5 (25) 2.2 (37) 0.06 (1)
Total 50þ (n ¼ 1203) 4.3 (52) 8.2 (99) 2.1 (25) 2.7 (33) 0.08 (1)
P value for age trend* <0.001 <0.001 <0.001 0.002

Sex
Male 40 þ (n ¼ 955) 4.3 (41) 6.9 (66) 0.6 (6) 2.7 (26) 0.1 (1)
Female 40þ (n ¼ 705) 2.7 (19) 6.1 (43) 2.7 (19) 1.6 (11) 0 (0)
P value between sexesy 0.024 0.160 0.046 0.044

Extramacular regions only (n ¼ 61) 6.6 (4) 82.0 (50) 11.5 (7)
Age-adjusted prevalence (yrs)z

All 40þ 4.3 (3.2e5.8) 7.7 (6.2e9.7) 2.8 (1.7e4.2) 2.7 (1.8e4.0) 0.06 (0.001e0.6)
All 50þ 5.0 (3.5e6.8) 9.1 (7.2e11.4) 3.4 (2.2e5.2) 3.1 (2.0e4.7) 0.07 (0.002e0.7)
Men 40þ 5.2 (3.5e7.6) 8.4 (6.2e11.3) 1.5 (0.5e3.4) 3.1 (1.9e5.0) 0.11 (0.003e1.2)
Men 50þ 6.1 (4.0e9.2) 10.0 (7.2e13.7) 2.0 (0.7e4.4) 3.7 (2.2e6.2) 0.14 (0.004e1.5)
Women 40þ 3.3 (1.9e5.5) 7.0 (4.9e9.8) 3.9 (2.3e6.4) 2.1 (1.0e4.1) 0 % (0e1.0)
Women 50þ 3.7 (2.1e6.3) 8.2 (5.7e11.5) 4.8 (2.8e7.7) 2.5 (1.1e4.8) 0 % (0e1.2)

Data are presented as percentage (no.) or percentage (95% confidence interval).
*Cochran-Armitage test.
yCochran-Mantel-Haenszel test.
zStandardized to the age distribution of the Rumoi city population.
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40 years of age and older and 70 years of age and older,
respectively. The age-stratified analysis indicated that
pachydrusen was more prevalent than soft drusen and
pseudodrusen combined, except for participants 70 years of
age or older. Thus far, only hospital-based studies have
investigated the frequency of pachydrusen, which was
11.7% in White people,9 8.4% in Indian people,11 and
25.5% in Singaporean people17 among nonexudative
AMD. Moreover, pachydrusen reportedly was observed in
27.2% of eyes with central serous chorioretinopathy.12 No
population studies have used the current drusen
classification; previously, pachydrusen may have been
classified as soft distinct drusen because they typically
have distinct borders.25,34e37 The Singapore Epidemiology
of Eye Diseases Study reported a higher prevalence of
distinct soft drusen than of indistinct soft drusen and
Table 3. Longitudinal

Variable Increase in Size Regression No Changes

Soft drusen (n ¼ 60) 8.3 (5) 1.7 (1) 71.7 (43)
<O2 circle (n ¼ 30) 3.3 (1) 0 (0) 76.7 (23)
�O2 circle (n ¼ 30) 13.3 (4) 3.3 (1) 66.7 (20)

Pachydrusen (n ¼ 109) 3.7 (4) 5.5 (6) 77.1 (84)
<O2 circle (n ¼ 73) 4.1 (3) 4.1 (3) 78.1 (57)
�O2 circle (n ¼ 36) 2.8 (1) 8.3 (3) 75.0 (27)

Pseudodrusen (n ¼ 25) 8.0 (2) 0 (0) 72.0 (18)

Data are presented as percentage (no.).
*Branch retinal vein occlusion in all 6 eyes.
pseudodrusen combined. In Asian populations, the reported
prevalence of distinct soft drusen (22.73%, 21.75%,
28.76%, and 23.93% in the Singapore Malay Eye Study, the
Singapore Indian Eye Study, the Singapore Chinese Eye
Study, and Combined Asian; age-adjusted to Blue Moun-
tains Eye Study) is generally higher than that of soft indis-
tinct or pseudodrusen combined (4.92%, 8.36%, 5.20%, and
6.52% in the Singapore Malay Eye Study, Singapore Indian
Eye Study, Singapore Chinese Eye Study, and Combined
Asian, respectively).38 This is in contrast to the Blue
Mountains Eye Study, in which the prevalence of soft
distinct drusen (6.15%) was lower than that of soft
indistinct or pseudodrusen combined (8.32%). Together
with our study, it seems rational to consider that the
prevalence of pachydrusen is higher than that of soft
drusen and pseudodrusen in Asian populations.
Changes of Drusen

Development of Conditions Other
Than Age-Related Macular Degeneration* No Follow-up Data

3.3 (2) 15.0 (9)
0 (0) 20 (6)

6.7 (2) 10 (3)
1.8 (2) 11.9 (13)
2.7 (2) 11.0 (8)
0 (0) 13.9 (5)

8.0 (2) 12.0 (3)
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Figure 2. Color fundus photographs showing longitudinal changes of drusen. A, B, Longitudinal changes of soft drusen (A) at baseline, with a total drusen
area smaller than an O2 circle, are seen in the macula that (B) increased in size during the 5-year follow-up period. C, D, Longitudinal changes of
pachydrusen (C) at baseline and (D) at year 5. At baseline, a large, irregular, well-defined yellow pachydrusen is seen at the nasal-inferior part of the macula
(white arrow). The margin became a little blurred and color became slightly lighter at year 1, and then it disappeared without leaving any signs of retinal
pigment epithelium atrophy at year 2. No apparent sign of atrophy is present at the corresponding region at year 5 (white arrow).
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The reason for the high prevalence of pachydrusen in
Asian populations is not clear. However, it is generally
accepted that a thick choroid is associated with pachy-
drusen,14,17 and Asians seem to have thick choroids.39e43

This may explain the relatively high prevalence of pachy-
drusen in Asians. In this study, a high prevalence of
pachydrusen (2.2%) was found even among relatively
young participants (between 40 and 49 years of age). Some
evidence may support the presence of pachydrusen, which
develops over the years, from young adulthood. First, a
small, hard macular drusen is relatively common even in 11-
to 12-year-old children, with a prevalence of 11%.44

Furthermore, the study found that increased subfoveal
choroidal thickness is associated with the presence of one
or more small hard macular drusen and with extramacular
drusen. The number of soft, distinct drusen increases with
age, beginning in young adulthood.45 Second, when
imaged using multimodal imaging, the shape of the drusen
in young adults may be oval or lobular.46 Although
longitudinal studies are necessary, it is tempting to
consider that hard drusen, which are present in patients
with thick choroids, evolve into pachydrusen.

We also observed the confluence of pachydrusen in 1
eye, further supporting that soft drusen and pachydrusen
may behave similarly, at least in part. Nevertheless, this
participant showed extrafoveal pachydrusen and was un-
likely to demonstrate drusenoid pigment epithelial detach-
ment; hence, we believe that the progression pattern of
pachydrusen is different from the behavior of soft drusen.
When the symmetricity of the drusen was analyzed, the
6

drusen phenotype seemed to be surprisingly low; this was
mainly because drusen were unilateral in approximately
two-thirds of the participants. However, when both eyes are
affected with either soft drusen, pseudodrusen, or pachy-
drusen, the drusen subtypes were highly concordant be-
tween both eyes. However, we also noted that soft drusen
and pachydrusen are not always observed symmetrically.
This may provide support that soft drusen and pachydrusen
share the same pathogenesis, but further studies are needed
to confirm our findings.

In this population-based study, the prevalence of late
AMD was extremely low. Geographic atrophy is uncommon
in Asian populations compared with Europeans,47 and the
prevalence of GA is extremely low in Japan.25,48e50 Neo-
vascular AMD was nonexistent in this study; nevertheless,
10 eyes showed subretinal fibrosis without any signs of
AMD. We believe that presumed pachychoroid neo-
vasculopathy may have been present among such partici-
pants,16 which could masquerade as neovascular AMD51

(Supplemental Fig 3).
Our study showed that during the 5-year follow-up, 8.3%

of eyes with soft drusen demonstrated progression, whereas
only 1.7% of eyes demonstrated regression. An increase in
size, which was observed more frequently in eyes with a
large drusen area, corroborates previous studies that re-
ported that a large drusen area is associated with an
increased risk of AMD progression.52 By contrast, little is
known about the natural history of pachydrusen. Although
the association between pachydrusen and pachychoroid-
driven macular neovascularization (type I choroidal
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neovascularization or polypoidal choroidal vasculopathy)
seems strong, the high degree of collinearity between the
presence of pachydrusen and thick choroids limits our un-
derstanding of their role in the pathogenesis of macular
neovascularization. Interestingly, our study indicated that
3.7% of pachydrusen progressed within 5 years, whereas
5.5% of pachydrusen regressed without photographically
detectable signs of atrophy. Unexpectedly, regression was
observed more frequently in eyes with a larger total
pachydrusen area. Moreover, in this study, no RPE atrophy
was observed after the regression of pachydrusen. In this
regard, note that drusen reportedly regress without residual
signs in some eyes.26,36,52 A small-scale, hospital-based
study reported that focal RPE atrophy and overlying outer
retinal layer changes may be observed after the regression of
pachydrusen, but vision-threatening atrophy or GA develops
rarely.53 Taken together, pachydrusen do not seem to affect
RPE directly and may have little pathologic significance on
macular diseases.

Study Limitations

This study has several limitations, which are mostly inherent
to the study design and limitation of the imaging methods
used in this cohort study. First, the participants needed to
visit the city health station for the screening examination,
which might have introduced selection bias. Participants in
this study accounted for 11.3% of the population. The per-
centage of the total population was 15.6% in their 40s,
16.2% in their 50s, 12.3% in their 60s, and 5.2% in their 70s
or older,21 and the number of participants 70 years and older
was smaller than that of other age groups. Considering that
the participants who could not commute to the screening
station were not included in this study, combined with the
fact that patients with AMD tend to have other
comorbidities that may impair locomotor function, caution
should be paid to the interpretation of the prevalence data
because it may be underestimated. Second, the CFPs were
obtained through undilated pupils, and 2.0% of the
photographs were ungradable. The mean age of the
ungradable participants was older than that of the gradable
participants (P < 0.001, Supplemental Table 1).
Additionally, 2.2% of the photographs were excluded
because of undeterminable CFPs. Third, only CFPs were
used for grading. Because pseudodrusen are identified at
lower rates on CFPs than on multimodal imaging,54 the
prevalence of pseudodrusen is likely to have been
underestimated. Also, certain types of drusen might have
been underdiagnosed. However, this is a common problem
in epidemiologic study settings where OCT is not used for
retinal examinations. Additionally, small yellow patches
appearing on CFPs involve not only drusen or drusen-like
deposits, but also exudates, epiretinal membrane, and
foveal reflex in young patients. In this study, experienced
ophthalmologists, including 2 retinal specialists, graded the
photographs, and maximum attention was paid to classi-
fying each druse and differentiating them from other fea-
tures. More importantly, no standard definition of
pachydrusen exists. Indeed, pachydrusen look somewhat
distinct from soft drusen, but some gray area exists between
the two. Although the agreement between the graders was
fair in the present study, OCT may be helpful to distinguish
the two lesions, and future studies will require a better
classification of extracellular deposits. Additionally, this
study did not use the Early Treatment Diabetic Retinopathy
Study subgrid to categorize drusen location. Future studies
using the Early Treatment Diabetic Retinopathy Study
subgrid would be useful for a more detailed analysis.
However, we used the standard 3000-mm grid and impli-
cated different distributions of soft drusen, pachydrusen, and
pseudodrusen. Fourth, the prevalence and incidence of late
AMD were extremely low. Nonattendance may be related to
poor vision and late-stage AMD. However, the nonatten-
dance rate was quite low and not age dependent.21

Moreover, the Japanese may be idiosyncratic among
Asians.48 Finally, our definition of RPE atrophy was
depigmentation or hyperpigmentation on CFPs.55 This
study applied a side-by-side analysis of the CFPs to scru-
tinize minute changes of RPE, and the graders were allowed
to change the contrast for better visibility so that minute
RPE changes were not missed; however, OCT should be
included in future studies to precisely document longitudinal
changes of pachydrusen.

In conclusion, the prevalence and longitudinal changes of
each drusen were investigated in a population-based study
conducted in the northern part of Japan. This study indicated
an unexpectedly high prevalence of pachydrusen. A high
regression rate of pachydrusen without the development of
pigmentary changes or atrophy was also observed. To un-
derstand how pachydrusen are involved in the pathogenesis
of pachychoroid diseases, future studies are warranted.
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