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CCR3 is a target for age-related macular
degeneration diagnosis and therapy

Atsunobu Takeda'*, Judit Z. Baffi'*, Mark E. Kleinman'*, Won Gil Cho'*, Miho Nozaki'*, Kiyoshi Yamada',
Hiroki Kaneko', Romulo J. C. Albuquerque’?, Sami Dridi', Kuniharu Saito’, Brian J. Raisler"?, Steven J. Budd*,
Pete Geisen®, Ariel Munitz’, Balamurali K. Ambati®’, Martha G. Green', Tatsuro Ishibashi®, John D. Wright*,

Alison A. Humbles’t, Craig J. Gerard’, Yuichiro Ogura®, Yuzhen Pan'’, Justine R. Smith'®, Salvatore Grisanti'’,
M. Elizabeth Hartnett’, Marc E. Rothenberg® & Jayakrishna Ambati'”?

Age-related macular degeneration (AMD), a leading cause of blindness worldwide, is as prevalent as cancer in industrialized
nations. Most blindness in AMD results from invasion of the retina by choroidal neovascularisation (CNV). Here we show
that the eosinophil/mast cell chemokine receptor CCR3 is specifically expressed in choroidal neovascular endothelial cells in
humans with AMD, and that despite the expression of its ligands eotaxin-1, -2 and -3, neither eosinophils nor mast cells are
present in human CNV. Genetic or pharmacological targeting of CCR3 or eotaxins inhibited injury-induced CNV in mice. CNV
suppression by CCR3 blockade was due to direct inhibition of endothelial cell proliferation, and was uncoupled from
inflammation because it occurred in mice lacking eosinophils or mast cells, and was independent of macrophage and
neutrophil recruitment. CCR3 blockade was more effective at reducing CNV than vascular endothelial growth factor A
(VEGF-A) neutralization, which is in clinical use at present, and, unlike VEGF-A blockade, is not toxic to the mouse retina. In
vivo imaging with CCR3-targeting quantum dots located spontaneous CNV invisible to standard fluorescein angiography in
mice before retinal invasion. CCR3 targeting might reduce vision loss due to AMD through early detection and therapeutic

angioinhibition.

AMD affects 30-50 million people globally, with approximately 90%
of severe vision loss attributed to CNV'. The worldwide prevalence of
CNV is expected to double in the next decade owing to population
ageing. Targeting the pro-angiogenic cytokine VEGF-A has been
validated in patients with CNV*™. However, substantial improve-
ment of vision only occurs in one-third of patients treated with
VEGE-A antagonists, and one-sixth of treated patients still progress
to legal blindness. Moreover, safety concerns about the continual
blockade of VEGF-A, which is constitutively expressed in the normal
adult human retina’, are emerging®’. Thus, treatment strategies on
the basis of more specific targeting of CNV are desirable. However,
no molecular marker specific for human CNV has yet been reported.

CCR3 expression restricted to CNV in human eyes

In our studies examining the role of chemokines in angiogenesis, we
discovered that CCR3 (also known as CD193)—a chemokine recep-
tor best known for its role in promoting eosinophil and mast cell
trafficking®—was expressed in human choroidal endothelial cells
(CECs) only in the context of CNV due to AMD, and not in other
non-proliferating or proliferating choroidal vasculature (Fig. 1).
Immunolocalization studies showed that CCR3 was expressed in
CECs of all examined specimens of surgically excised choroidal neo-
vascular tissue from patients with AMD (18 out of 18) who had not

received prior AMD treatment (Fig. la, b and Supplementary Fig. 1).
In contrast, CCR3 was not expressed in CECs in the choroid of any
patients with early (atrophic) AMD (0 out of 10), or in age-matched
patients without AMD (0 out of 10) (Fig. 1c, d). CCR3 was also not
immunolocalized in surgically excised tissue from patients with
epiretinal fibrotic membranes (0 out of 6), or in CECs in patients
with choroidal melanoma (0 out of 8) (Fig. 1e, f). Collectively, these
data point to a highly specific pattern of CCR3 expression
(P=7%10"" exact contingency table test) in CECs in neovascular
AMD. Furthermore, we identified the expression of the CCR3 ligands
eotaxin-1 (also known as CCL11), -2 (CCL24), and -3 (CCL26) in all
examined specimens of surgically excised choroidal neovascular tis-
sue from patients with AMD who had not received previous AMD
treatment (Fig. 1g—j), suggesting that the eotaxin—~CCR3 axis could be
involved in this disease state. Notably, despite the abundance of
eotaxins, eosinophils and mast cells were not identified in human
CNV (Supplementary Fig. 2), consistent with earlier findings’.

CCR3 stimulation promotes CEC migration and proliferation

The best determined pathological function of CCR3 so far has been
its role in allergic diseases, such as asthma'®"* and eosinophilic eso-
phagitis'®. There is a single report of its direct role in angiogenesis'.
Although eosinophils and mast cells have been reported to be
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Figure 1| CCR3 and eotaxins are expressed in
CNV. a, b, Immunofluorescence shows that
CCR3-receptor expression (green) colocalizes
with CD31 +—expressing (red) blood vessels in
surgically excised human AMD choroidal
neovascular tissue (CNVM). Nuclei were stained
blue with 4,6-diamidino-2-phenylindole (DAPI).
The specificity of CCR3 staining in a is confirmed
by the absence of staining with an isotype control
IgG (green) in b. Individual red and green
fluorescence channels are shown in
Supplementary Fig. 1. ¢, d, CCR3 is not
immunolocalized in CD31" (red) blood vessels
(white arrowheads) in the choroid of patients
with atrophic AMD who do not have CNV (c), or
in aged patients without AMD

(d). Autofluorescence of RPE (white arrow) and
Bruch’s membrane (asterisks) overlying choroid
are seen. e, f, CCR3 is not expressed in surgically
excised avascular retinal fibrosis tissue (e) or in
the blood vessel of choroidal melanoma

(f). g-i, Immunohistochemistry (golden brown
reaction product) shows expression of CCL11
(g), CCL24 (h), and CCL26 (i) in surgically
excised AMD choroidal neovascular tissue,
primarily in the stroma (red arrowheads) but also
in the blood vessels (yellow arrows). The
specificity of staining is confirmed by the absence
of staining with isotype control IgG (j). Scale bars,
10 pm.

Figure 2 | CCR3 activation promotes
angiogenesis. a, Tube formation of primary
human CECs in Matrigel in vitro was reduced by
neutralizing anti-human CCR3 antibodies
(CCR3 Ab) compared to isotype I1gG. n =6,

*P < 0.05 compared to isotype IgG. b, Fraction of
CD31" VEGFR2" -gated mouse CECs in vivo in
the proliferative state (S phase) was increased

5 days after laser injury in wild-type mouse eyes
compared to control (uninjured eyes), and was
reduced by intraocular administration of
neutralizing anti-mouse CCR3 antibody
compared to isotype IgG. n = 6-10, *P < 0.05
compared to IgG treatment. ¢, Stimulation with
eotaxins for 24 h induced human CEC
proliferation. n = 4, *P < 0.05 compared to BSA
treatment. d, e, Stimulation with eotaxins, but
not with PBS, induced actin polymerization in
human CECs. The relative F-actin content is
expressed as the ratio of the mean channel
fluorescence between eotaxin-stimulated and
media-alone-stimulated cells

(d). Rhodamine—phalloidin staining (red) shows
F-actin fibre formation in eotaxin-stimulated
cells (e). Nuclei were stained blue with DAPI.
Data representative of 3—4 independent
experiments are shown. In c and e, 10 ngml ™’
CCL11, 100 ngml~ ' CCL24 and 2 pgml ™’
CCL26 were used. Scale bar, 20 pm. f, Stimulation
with eotaxins for 16 h induces dose-dependent
migration of human CECs across 8-pum pore size
Transwells. n = 5-10, *P < 0.05 compared to
BSA treatment. Statistical significance was
determined by Mann—-Whitney U test

(a—c, f); error bars depict s.e.m.
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involved in angiogenesis'”'¥, such actions are considered minor or
isolated. Therefore, we studied the effects of CCR3 modulation on
angiogenesis in vitro and in vivo. Neutralizing anti-CCR3 antibodies
inhibited the tube formation of primary human CECs cultured in
Matrigel in vitro (Fig. 2a). In an experimental model of CNV induced
by laser injury in wild-type mice'"~*, neutralizing anti-CCR3 anti-
bodies reduced the fraction of CECs in vivo that was in the proli-
ferative state of the cell cycle (Fig. 2b). Consistent with this finding,
each of the three eotaxins stimulated human CEC proliferation
(Fig. 2c). Cytoskeletal rearrangement through polymerization of
monomeric actin to microfilamentous F-actin, which is essential
for eosinophil chemotaxis induced by the eotaxins, is also critical
in angiogenic migration of endothelial cells. Stimulation of human
CECs with any of the three eotaxins induced a rapid polymerization
of actin molecules (I'ig 2d, e). All three eotaxins also activated RAC1

(Supplementary Fig. 3), a small GTPase that is critical in regulating
endothelial cell spr e.ldmg and migration, and promoted human CEC
migration in a dose-dependent fashion (Fig. 2f). Collectively, these
data demonstrate that CCR3 activation can promote several steps of
angiogenesis. The expression of CCR3 on CECs in vivo is confined to
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choroidal neovascular tissues; however, in vitro, human CECs
responded to CCR3 ligands. This might be owing to the presence
of several CNV-promoting growth factors in the culture medium.

CCR3 receptor or ligand antagonism inhibits CNV

We studied the in vivo effects of CCR3 targeting in a mouse model of
CNV induced by laser injury*?, which is the most widely used animal
model of this disease. A single intraocular administration of either
CCR3-neutralizing antibodies or a small molecule CCR3 receptor
antagonist  ((S)-methyl-2-naphthoylamino-3-(4-nitrophenyl)pro-
pionate; SB328437) suppressed laser-injury-induced CNV in wild-
type mice in a dose-dependent fashion (Fig. 3a—c). CNV was also
diminished in Ccr3™/" mice®® compared to wild-type mice (Fig. 3d).
The specificity of pharmacological CCR3 blockade was confirmed by
demonstrating that CNV was not reduced in Ccr3 /= mice by CCR3-
neutralizing antibodies or a CCR3 receptor antagonist (116 * 7%
and 109 = 16% of control, respectively; n=5; P> 0.1). CCL11 and
CCL24, the principal mouse ligands for CCR3, were markedly
increased soon after laser injury, and immunolocalized to the retinal
pigmented epithelium (RPE), which is adjacent to CECs (Fig. 3e, f).
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Figure 3 | CNV reduced by CCR3 or eotaxin ablation or blockade
independent of leukocyte modulation. a, b, Laser-induced CNV in wild-type
mice was reduced by neutralizing anti-mouse CCR3 antibody (CCR3 Ab)
compared to isotype IgG (a) and by the CCR3 receptor antagonist (RA)
SB328437 compared to vehicle (PBS/DMSO) (b) in a dose-dependent
fashion. n = 8-12, *P < 0.05, **P < 0.01 compared to no antibody or
receptor antagonist. ¢, Representative examples of CNV in drug-treated
mice. d, Laser-induced CNV was reduced in Ccr3 ™/~ mice compared to wild-
type mice. n =9, *P < 0.05 compared to wild-type mice. e, Eotaxin-1
(CCL11) and eotaxin-2 (CCL24) protein levels, measured by ELISA, were
increased after laser injury in wild-type mice. n = 6, *P < 0.05 and

**P < 0.01 compared to the 0 h baseline. f, CCL11 and CCL24
immunofluorescence (green) was localized in the RPE cell layer (arrows)
adjacent to CD31" (red) CECs (arrowheads) on day 1 after laser injury in

wild-type mice. Nuclei were stained blue by DAPI. No specific
immunofluorescence was detected with isotype control IgGs. Images
representative of three independent experiments are shown. g, Laser-
induced CNV was reduced in Ccl11~"~ and Ccl24™/~ mice compared to
wild-type mice. n = 8-10, ¥*P < 0.05 compared to wild-type mice. CNV is
further reduced in Ccl11~/~ Ccl24”~ mice compared to single-null mice.
#P < 0.05 compared to single-null mice. h, Laser-induced CNV in wild-type
mice was reduced by neutralizing antibodies against mouse CCL11 or
CCL24 compared to isotype IgG. n = 7-10, *P < 0.05 compared to no
injection (control; Ctrl) or IgG. i, Representative examples of CNV in
eotaxin-neutralized mice. j, Neutralizing anti-CCR3 antibodies reduced
laser-induced CNV in mice deficient in eosinophils (Adbl GATA) or mast
cells (Kit"™). n = 6-9, *P < 0.05 compared to IgG. Scale bars, 100 pm

(¢, i), and 20 pm (f). Error bars depict s.e.m.
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Also, human RPE cells synthesized all three eotaxins (Supplementary
Fig. 4), implicating these cells, which are abundantly interspersed in
CNV?, asasource of CCR3 ligands in CNV. Genetic ablation of either
Ccl11 (ref. 26) or Ccl24 (ref. 12) reduced CNV, whereas the neovas-
cular response in Ccl11™/~ Ccl24™/~ mice'> was suppressed to a
greater extent than in either of the single knockout mice, suggesting
cooperation between these two ligands in this system (Fig. 3g). A
single intraocular administration of neutralizing antibodies against
CCL11 or CCL24 also suppressed CNV in wild-type mice (Fig. 3h, 1),
validating these CCR3 ligands as anti-angiogenic targets. Together,
these data demonstrate that CCR3 activation is essential for in vivo
angiogenesis in the most widely used preclinical model of neovascu-

lar AMD.

CCR3-driven angiogenesis uncoupled from inflammation

We sought to determine whether CCR3 targeting reduced CNV solely
by anti-angiogenic mechanisms, or whether anti-inflammatory
mechanisms were also involved. Neither eosinophils nor mast cells
(defined as CCR3"CD3~CD117™CD49d" and CCR3™CD3"
CD117"CD49d " cells, respectively) were recruited to the choroid
after laser injury, as monitored by flow cytometry (Supplementary
Fig. 5). Furthermore, the CNV response in eosinophil-deficient
Adbl GATA mice'' (containing a deletion of the double GATA site)
and mast-cell-deficient Kit"" "/ Kit""" mice’” was not different from
the response in wild-type mice (Fig. 3j). Moreover, intraocular
administration of neutralizing anti-CCR3 antibodies reduced CNV
in Adbl GATA or Kit""/Kit""" mice to the same extent as in wild-type
mice. Thus, although eosinophils and mast cells have been reported to
be capable of driving angiogenesis in other systems'”'*, both cell types
are dispensable in the development of experimental CNV. Although
neutrophil and macrophage infiltration are crucial for the develop-
ment of experimental CNV***, CCR3-receptor targeting did not
affect recruitment of either inflammatory cell type (defined as Gr-
17 F4/80" and F4/80" CD11c ™ cells, respectively; Supplementary
Fig. 5). Therefore, the angioinhibitory effect of CCR3 blockade in this
model is a direct anti-vascular effect, and does not seem to involve
modulation of cellular inflammation. The mechanisms underlying the
paucity of eosinophils and mast cells in CNV remain to be defined.
One potential explanation could be the expression of CXCL9 in CNV,
which blocks eotaxin-induced CCR3-mediated eosinophil recruit-
ment (Supplementary Fig. 6)***°. Other mechanisms influencing
adhesion or mobilization of these leukocytes might also be operative.

CNV bioimaging by CCR3 targeting

Because invasion of the retina by CNV results in morphological and
functional disruption of the retina, early detection of CNV is desirable;
indeed, detection of CNV before retinal invasion would be ideal. CNV
that has breached the retina can be detected by fluorescein angiogra-
phy. However, this diagnostic modality cannot detect CNV before it
has invaded the retina, that is, when it is still limited to the choroid.
Yet, post-mortem histopathological studies have shown that substan-
tial numbers of patients in whom fluorescein angiography does not
reveal the presence of CNV nevertheless have CNV that has not yet
invaded the retina’'. Therefore, we explored whether CCR3-targeted
bioimaging using anti-CCR3 Fab antibody fragments (Supplementary
Fig. 7) conjugated to quantum dots (QDot-CCR3 Fab) could detect
CNV before it became clinically evident.

We previously described the spontaneous development of CNV in
senescent mice deficient in monocyte chemoattractant protein-1
(CCL2, also known as MCP-1) or its CCR2 rece/-ptor‘*’. Similar patho-
logy occurs at a younger age in Ccl2™ /= Cer2™"” mice (J.A, M.EEK,,
J.Z.B., HK. and B.J.R., unpublished data). These mice also undergo
outer retinal degeneration rapidly (Supplementary Fig. 8). We tested
whether fundus angiography after intravenous injection of QDot-
CCR3 Fab could detect subretinal CNV in these mice. QDot-CCR3
Fab angiography demonstrated hyperfluorescent signals in regions of
the fundus of these mice that were silent on fluorescein angiography
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(Fig. 4a, b). The specificity of CCR3 targeting was confirmed by the
absence of hyperfluorescent signals in Ccl2”~ Cer2”~ mice injected with
QDot-isotype Fab, and in wild-type mice injected with QDot-CCR3
Fab (Fig. 4b and Supplementary Fig. 9). Histological examination of
these areas showed proliferating (Ki67 ") CCR3 " blood vessels in the
choroid that had not yet invaded the retina, along with the accumula-
tion of QDot-CCR3 Fab in these vessels (Fig. 4c—g). These data provide
proof-of-principle that CCR3-targeted bioimaging can detect sub-
clinical CNV before it disrupts the retina and causes vision loss.
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QDot-CCR3 Fab c

-3

QDot-Isotype Fab

Baseline

4h 1h

12h

Figure 4 | CCR3-targeting quantum dots detect subretinal CNV. a, Images
of the fundus taken after intravenous injection of sodium fluorescein in
wild-type and Ccl2™’~ Cer2™'~ mice show normal retinal vascular filling but
no areas of hyperfluorescence indicative of CNV. b, After intravenous
injection of QDot-CCR3 Fab in the same Ccl2~/~ Ccr2™/~ mouse shown in
a, focal branching choroidal hyperfluorescence was visualized (arrow) at 1 h
in the same area that was not hyperfluorescent during fluorescein
angiography (arrowhead in a). The intensity of this hyperfluorescence
(shown in red pseudocolour in the inset) increased, attaining a peak at 4 h,
and then declined in intensity but still persisted at 12 h. Corresponding
images of QDot-Isotype Fab angiography showed no hyperfluorescence.
c—e, The region corresponding to the area of hyperfluorescence seen on
QDot-CCR3 Fab angiography in b contained several CD31" blood vessels in
the choroid (Ch) that were proliferating (Ki67*; arrows) and had not
invaded the retina (Ret). Individual green (CD31%, ), red (Ki67 ", d), and
merged (e) fluorescence channel images are shown. Nuclei were stained with
DAPI (blue). Arrows point to proliferating endothelial cells. The inset in

e shows Ki67" CD317 cells in higher magnification. f, QDot-CCR3 Fab
hyperfluorescent areas were localized to areas of subretinal CNV with
CCR3" endothelial cells. g, The QDot label was visualized within CD31"*
vasculature of subretinal CNV lesions. Images are representative of six
independent experiments. Scale bars, 10 um (c-g).
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CCRS3 targeting is superior to VEGF-A targeting

By comparing CCR3 targeting to VEGF-A targeting, the most
effective approved treatment for human CNV, we found that
CCR3-neutralizing antibodies were more effective than VEGF-A-
neutralizing antibodies (68 = 3% versus 57 *4%) at inhibiting
laser-induced CNV in mice (Supplementary Fig. 10). In the laser-
injury model, CCR3 neutralization did not change VEGF-A levels in
the RPE/choroid and VEGF-A blockade did not change CCR3
expression on CECs (Supplementary Fig. 11): these two pathways
seem to not be directly coupled. Repeated intravitreous administra-
tion of anti-VEGF-A antibodies resulted in anatomical and func-
tional damage to the retina in wild-type mice (Supplementary
Fig. 12), consistent with earlier reports that anti-VEGF-A therapy
induces dysfunction in and damage to the inner and outer murine
retina®’. These effects were modest at a dose of anti-VEGF-A anti-
bodies that suppressed mouse CNV, but more pronounced at a
higher dose that is comparable to the dose used in humans. It should
be noted that anti-VEGF-A pharmacotherapy has not been assoc-
iated with an increased risk of profound retinal damage in humans®,
but subtle abnormalities have been observed*** and some adverse
effects might be misattributed to disease progression. In contrast to
VEGEF-A blockade, neither an anti-CCR3 antibody nor a CCR3
receptor antagonist induced retinal toxicity in wild-type mice, as
confirmed by fundus imaging and electrophysiological function
(Supplementary Fig. 12). Vegfa deletion is embryonically lethal***
and conditional ablation of Vegfa in the RPE induces profound ret-
inal degeneration and visual dysfunction®. In contrast, the Ccr3™/~
mouse retina was normal in appearance and electrophysiological
function (Supplementary Fig. 13).

Discussion

Our findings suggest that CCR3 targeting may be a safe and viable
strategy for early detection (using biocompatible quantum dots or
other bioimaging fluorochromes, such as near infrared dyes) and
treatment of CNV (by receptor or ligand targeting), and might be
superior to the current standard of care. CCR3 bioimaging is
probably most useful in individuals with RPE pigmentary distur-
bances and multiple subretinal lipoproteinaceous deposits known
as drusen or fellow eye involvement with clinically evident CNV, as
they are known to be at high risk for developing CNV***°, Similar
techniques might be useful in non-invasively bioimaging other meta-
bolic or molecular markers to provide information about disease
pathogenesis or activity.

Several strategies have yielded molecular markers that are preferen-
tially expressed on proliferating endothelial cells such as those in
tumour vasculature*’**; however, CCR3 has not been identified in
any of these reports. Therefore, our studies identify CCR3 as a new
marker of pathological angiogenesis and as a functional target in
neovascular AMD. These findings should also prompt a search for
genetic polymorphisms in the eotaxin-CCR3 axis in patients with
AMD, and investigations of CCR3 function in other models of angio-
genesis. Also, it is tempting to speculate that targeting CCR3 might
provide dual benefits in asthma, which involves varying degrees of
eosinophilic inflammation as well as angiogenic airway remodelling®.

METHODS SUMMARY

Mouse model of CNV. Laser photocoagulation (OcuLight GL, Iridex
Corporation) was performed on mouse eyes to induce CNV, and CNV volumes
were measured 7 days after injury by scanning laser confocal microscopy (TCS
SP, Leica), as previously described™.

Drug injections. Rat IgG2a neutralizing antibody against mouse CCR3 (R&D
Systems), control rat IgG2a (Serotec), goat neutralizing antibody against mouse
CCL11 (R&D Systems), goat neutralizing antibody against mouse CCL24 (R&D
Systems), control goat IgG (Jackson Immunoresearch), or (S)-methyl-2-
naphthoylamino-3-(4-nitrophenyl)propionate (SB328437; Calbiochem) dis-
solved in dimethylsulphoxide (DMSO) were injected into the vitreous humour
using a 33-gauge double-calibre needle (Ito Corporation) once, immediately
after laser injury as previously described®.
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CCR3 bioimaging. Fab fragments were created from monoclonal IgG2a anti-
body raised against the extracellular domain of murine CCR3 (R&D Systems)
and an isotype rat IgG2a (R&D Systems) using a commercially available papain-
based kit (Pierce). Recovered fragments were conjugated with quantum dots
(Invitrogen, QDot-800) and resuspended in sterile PBS. Ccl2™'~ CerZ”™ mice
were administered 100 pg of tagged CCR3 Fab or isotype Fab by tail-vein injec-
tion after acquiring baseline fluorescent imaging using a Topcon retinal camera
(TRC-50IX). Serial images were then acquired at 1, 4 and 12 h, after which eyes
were collected and frozen in OCT for immunofluorescent analyses. Retinal
images were analysed (ImageNet, Topcon) by comparison to baseline and fluor-
escein angiographic data. Hyperfluorescent areas were then cropped, equally
thresholded, and pseudocoloured (Photoshop CS3, Adobe). Sections from
QDot-conjugated CCR3 or rat IgG2a isotype Fab injected animals were fixed
in 4% paraformaldehyde and blocked with 5% normal donkey serum/5% goat
serum in PBS, stained with rat anti-mouse CD31 (BD Biosciences) and either
rabbit anti-mouse CCR3 (Santa Cruz) or rabbit anti-Ki67 (Abcam), followed by
appropriate fluorescent secondary antibodies (Alexa Fluor 488/594, Invitrogen),
and evaluated by confocal laser scanning microscopy (Leica SP-5).

Full Methods and any associated references are available in the online version of
the paper at www.nature.com/nature.
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METHODS

Human tissue. Choroidal neovascular tissue was excised from patients with
AMD who had no prior treatment for CNV. Retinal fibrosis tissue was excised
from patients with a diagnosis of epiretinal membrane formation. Donor eyes
from patients with atrophic AMD without CNV and patients without AMD were
obtained from eye banks. Eyes with choroidal melanoma were obtained by
surgical enucleation. The study followed the guidelines of the Declaration of
Helsinki. Institutional review boards granted approval for allocation and histo-
logical analysis of specimens.

Animals. All animal experiments were in accordance with the guidelines of the
University of Kentucky Institutional Animal Care and Use Committee and the
Association for Research in Vision and Ophthalmology. C57BL/6] and Kit""™/
Kir""" mice were purchased from The Jackson Laboratory. Cer3™", Cell1™/",
Ccl24™", Ccl11™’~ Ccl24™~ and Adbl GATA mice have been previously
described"'>*2, Ccl2™/~ Cer2™ '™ mice were generated by interbreeding single
knockout mice described previously®.

Drug injections. Rat IgG2a neutralizing antibody against mouse CCR3 (R&D
Systems), control rat IgG2a (Serotec), goat neutralizing antibody against mouse
CCL11 (1 pg; R&D Systems), goat neutralizing antibody against mouse CCL24
(5 pg; R&D Systems), control goat IgG (Jackson Immunoresearch), or (S)-methyl-
2-naphthoylamino-3-(4-nitrophenyl)propionate (SB328437; Calbiochem) dis-
solved in DMSO were injected into the vitreous humour of mice using a 33-gauge
double-calibre needle (Ito Corporation) once, immediately after laser injury as
previously described®.

Flow cytometry. Rat antibody against mouse CCR3 (1:250; Santa Cruz) coupled
with phycoerythrin (PE)-donkey antibody against rat IgG (1:250; Jackson
Immunoresearch) or AlexaFluor647-conjugated rat antibody against mouse
CCR3 (10 ug ml~; BD Biosciences) were used to quantify cell surface receptor
expression on CECs, defined by CD31" VEGFR-2" expression, gated by FITC-
conjugated rat antibody against mouse CD31 (20 pgml™'; BD Biosciences) and
PE-conjugated rat antibody against mouse VEGFR-2 (20pgml™'; BD
Biosciences). Macrophages, neutrophils, eosinophils and mast cells were defined
as F4/80"CD11c”, Gr-17F4/807, CCR3"CD3 CD117™CD49d" and
CCR3™(CD3~ CD117"CD49d" cells, respectively. The DNA content for cell
cycle was analysed after incubation with propidium iodide (0.05mgml™";
Molecular Probes) containing 0.1% Triton X-100 and RNase A (0.1 mgml™;
Roche). Samples were analysed on a LSRII (Becton Dickinson).
Immunolabelling. Inmunofluorescent staining was performed with antibodies
against human CCR3 (rat monoclonal, R&D Systems) or human CD31 (mouse
monoclonal, Dako), and identified with Alexa 488 (Molecular Probes) or Cy3
secondary antibodies (Jackson ImmunoResearch). Inmunohistochemical stain-
ing with the primary antibodies specific for human eotaxins-1, -2 and -3 (mouse
monoclonal, R&D Systems) was performed using horseradish peroxidase. Laser-
injured mouse eye sections were stained with antibodies against mouse CCL11 or
CCL24 (both R&D Systems) along with antibody against mouse CD31 (BD
Biosciences) and visualized with FITC or Cy3 secondary antibodies. Images were
obtained using Leica SP5 or Zeiss Axio Observer Z1 microscopes.

Tube formation assay. Ninety-six-well plates were coated with Growth-Factor-
Reduced Matrigel (BD Biosciences) mixed with rat neutralizing-antibody
against human CCR3 (20pgml™', R&D Systems) or control rat IgG2a
(Invitrogen) and allowed to solidify in the incubator at 37°C for 45 min.
Human CECs*“*” were plated on top of the Matrigel at 2.25 X 10*cm ™ in
EBM-2 basal media (Cambrex) containing 1% FBS with CCR3 antibody or rat
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IgG2a at the concentrations shown and allowed to grow overnight. Tube forma-
tion was analysed by counting the number of cell junctions per mm’.
Proliferation assay. Human CECs were synchronized for cell cycle state by first
cultivating them in EGM2-MV media (Lonza) supplemented with 10% FBS
(Gibco) to achieve complete confluence, and then by overnight serum starvation
in MCDB131 media (Gibco) with 0.1% FBS. They were passaged to 96-well
plates at a density of 5,000 cells per well, followed by stimulation for 24 h with
eotaxin-1, 2 or 3 (10ng, 100ng and 2 pg per ml, respectively; Peprotech) in
MCDBI131 media with 0.1% FBS. After 24 h, cell viability was measured with
BrdU ELISA (Chemicon) according to the manufacturer’s instructions.
F-actin polymerization assay. Human CECs were seeded in black-walled 96-well
plates and grown to 70-80% confluence in fully supplemented EGM-2MV.
Cultures were serum-starved overnight in basal media and then stimulated with
recombinant human eotaxin-1 (10 ng ml™"), eotaxin-2 (100 ngml”~ 1, eotaxin-3
(2pg ml™h) (Peprotech), or vehicle control (PBS). At 0, 10, 30, 60 or 120 s time-
points, cells were fixed in 3.7% paraformaldehyde for 10 min, washed, permeabi-
lized in PBS with 0.1% TritonX-100, and then stained with rhodamine-labelled
phalloidin (1:200, Invitrogen) as per the manufacturer’s recommendations. Plates
were analysed on a fluorescent plate reader (Synergy 4, Biotek) followed by fluor-
escent microscopy (Nikon E800).

Migration assay. Eotaxins-1, -2 and -3 were reconstituted in 0.1% BSA and then
mixed with Matrigel diluted 1:1 with serum-free endothelial basal media (EBM-
2; Lanza). Five-hundred microlitres of EBM-2 was added to each well of a 24-well
plate, followed by a 6.5-mm diameter Transwell insert (8 pum pores; Corning).
Human CECs in EBM-2 were prestained with Vybrant DiO (Invitrogen) for
30min at 37 °C and seeded into the inserts at 50,000 cells per 200 pl of serum
free EBM-2 media. The plates were allowed to incubate for 16 h at 37°C, 5%
CO,. The migrated cells were imaged with an Olympus CK40 microscope and
Olympus DP71 camera.

RACI activation. Human CECs were cultured in EGM-2 MV containing 5%
FBS. Before starting the assay, cells were serum-starved overnight using basal
medium (MCDBI31) supplemented with 1% FBS. Cells were stimulated for
designated times with eotaxin-1, -2 and -3 (10ngml™', 100ngml™" and
2 pgml™", respectively). Equal amounts of lysates (500 pg) were incubated with
GST-Pakl1-PBD agarose beads (Upstate) to pull down active GTP-bound RAC1
at 4 °C for 1 h with rotation. The samples were subsequently analysed for bound
RACI by western blot analysis using an anti-RAC1 antibody (Upstate).
Electroretinography. Mice were dark-adapted overnight and then anaesthe-
tized. Both eyes were positioned within a ColourBurst Ganzfeld stimulator
(Diagnosys). Espion software (Diagnosys) was used to program a fully auto-
mated flash intensity series, from which retinal responses were recorded.
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Laser Scanning Tomography of Optic Discs
of the Normal Japanese Population in a
Population-based Setting

Haruki Abe, MD, PhD,' Motohiro Shirakashi, MD, PhD," Tae Tsutsumi, MD,?? Makoto Araie, MD, PhD,>
Atsuo Tomidokoro, MD, PhD,? Aiko Iwase, MD, PhD,? Goji Tomita, MD, PhD,*
Tetsuya Yamamoto, MD, PhD,® Tajimi Study Group

Objective: To evaluate the optic disc characteristics using the Heidelberg retina tomograph (HRT) Il in a large
sample of normal Japanese subjects.

Design: Cross-sectional study.

Participants: A total of 3576 eyes of 2036 normal subjects, with good-quality HRT Il images, of 6042 eyes
of 3021 subjects aged 40 years or more who participated in the Tajimi Study, a population-based eye study in
Japan. .

Methods: Optic disc parameters were obtained using HRT I, and the association of gender, age, height,
weight, blood pressure, ocular perfusion pressure, refraction, intraocular pressure (IOP), central corneal thick-
ness (CCT), and disc size on HRT parameters was assessed using simple and multiple regression analyses.

Main Outcome Measures: HRT parameters, including disc area, cup area, rim area, cup-to-disc area ratio,
cup volume, rim volume, mean cup depth, maximum cup depth, height variation contour, cup shape measure,
mean retinal nerve fiber layer (RNFL) thickness, and RNFL cross-sectional area, and the crude and partial
correlations of the potential confounders with the HRT parameters.

Results: Disc area, cup-to-disc area ratio, and rim area averaged 2.06=0.41 mm? (mean=standard devia-
tion), 0.23+0.13, and 1.55=0.29 mm?, respectively. All HRT parameters were strongly or moderately correlated
between right and left eyes (Pearson’s correlation coefficients = 0.45-0.83, P<<0.001). Absolute inter-eye
differences in several HRT parameters were positively correlated with disc area (P<<0.05). Multiple regression
analyses adjusting for the confounders showed weak but significant correlations of height, refractive error, IOP,
and CCT with several HRT parameters (partial correlation coefficient (absolute value) = 0.04-0.16, P<0.05), and
moderate or weak but significant correlations of disc area with all HRT parameters (partial correlation coefficient
[absolute value] = 0.05-0.73, P<0.05). Gender, weight, blood pressure, and ocular perfusion pressure did not
significantly correlate with HRT parameters.

Conclusions: This report presents reference data of normality for the HRT parameters based on a large
sample of normal Japanese subjects. There were small but significant influences of height, refractive error, IOP,
and CCT on several HRT parameters. Many HRT parameters were moderately or weakly affected by disc size.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2009;116:223-230 © 2009 by the American Academy of Ophthalmology.
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Because structural changes of the optic disc often precede
the development of visual field loss in glaucoma,' detec-
tion of optic disc damage plays a vital role in the diagnosis
of glaucoma, especially in its early stages. Although oph-
thalmoscopy and fundus photography are still widely used
for assessing glaucomatous optic disc damage, they are
limited by their subjective and qualitative nature.5~® With
the development of optic nerve imaging instruments, objec-
tive and quantitative measurements of the optic disc have
become available. A confocal scanning laser ophthalmo-
scope, such as the Heidelberg retina tomograph (HRT) or
HRT II (Heidelberg Engineering, Heidelberg, Germany),
allows 3-dimensional topographic analysis of the optic disc

© 2009 by the American Academy of Ophthalmology
Published by Elsevier Inc.
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and provides a quantitative measure of a variety of optic
disc parameters.”~!2

Understanding of normal optic disc shape and related
factors are of critical importance in improving the perfor-
mance of confocal scanning laser ophthalmoscope to deter-
mine glaucomatous changes in the optic disc. Distributions
or ranges of the optic disc parameters determined with
confocal scanning laser ophthalmoscope in large samples of
normal subjects (number of subjects >~500) have been
reported by Hermann et al.'* (1764 eyes of 882 subjects)
and Vernon et al.'* (918 eyes of 459 subjects) in white
populations. Because there are racial differences in optic
disc characteristics,>~!? it is worthwhile accumulating such
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information for each of the various ethnicities. For Asian
populations, however, to our knowledge, there are only the
Turkish hospital-based study by Durukan et al.? (1102 eyes of
551 subjects) and 2 Japanese hospital-based studies with rela-
tively small sample sizes by Nakamura et al.2! (77 eyes of 77
subjects) and Uchida et al.?* (223 eyes of 223 subjects).

We recently conducted the Tajimi Study, a population-
based eye study focusing primarily on estimating the prev-
alence of glaucoma among Japanese persons aged 40 years
or more.”>2’ The purposes of the present report were to
evaluate the optic disc characteristics by means of HRT Il in
a large sample of ophthalmologically normal Japanese sub-
Jjects who participated in the Tajimi Study and to evaluate
associations of possibly related systemic and ocular factors,
including gender, age, height, weight, blood pressure, ocu-
lar perfusion pressure (OPP), refractive error, intraocular
pressure (IOP), central corneal thickness (CCT), and optic
disc size with the optic disc characteristics.

Subjects and Methods

Population Sampling

The Tajimi Study, a population-based eye study of Japanese
subjects aged 40 years or more was conducted between
September of 2000 and October of 2001 in Tajimi City,
Japan.>2" The details of the Tajimi Study have been pub-
lished.”>-%" Briefly, of 54,165 inhabitants aged 40 years or
more in Tajimi City as of August 1, 2000, 4000 were
selected randomly without stratification and were encour-
aged to participate in the epidemiologic study. The investi-
gation followed the tenets of the World Medical Associa-
tion’s Declaration of Helsinki and the municipal statutes of
Tajimi City for protecting personal information; the study
protocol was approved by the ethics committee of Tajimi
City. Written informed consent was obtained from all par-
ticipants after the details of the study had been explained
fully. Among the selected 4000 participants, 48 died and 82
were not actual residents of or had moved from Tajimi City
during the screening period. Of the remaining 3870 persons,
3021 participated in the screening examinations.

Ocular Examinations

Screening and definitive examinations have been reported in
detail.>>~?" Briefly, the screening examinations included not
only ocular parameters but also parameters such as height,
weight, and blood pressure. OPP was calculated as “2/
3[diastolic blood pressure + 1/3(systolic blood pressure—
diastolic blood pressure)]-IOP.” The ocular examinations
included measurement of refractive status and corneal cur-
vature using an autorefractometer (KP-8100PA, Topcon,
Tokyo, Japan), visual acuity using a Landolt ring chart at a
distance of 5 m with refractive correction, and CCT using a
specular-type pachymeter (SP-2000P, Topcon), slit-lamp
biomicroscopic exarnination, evaluation of angle width ac-
cording to the van Herick method, JOP measurement by
Goldmann applanation tonometry, fundus examination
based on digital color photographs obtained through an
undilated pupil using the IMAGEnet digital fundus camera
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system (TRC-NW®6S, Topcon) with angles of 30 and 45
degrees, visual field screening using a frequency doubling
technology screener (Humphrey Instruments, San Leandro,
CA) with the C-20-1 screening test, and optic disc mea-
surements using HRT I (software version 1.4.1). Partici-
pants were referred for definitive examination if ocular
disorders or related conditions were suspected and if they
met 1 or more of the following criteria: corrected visunal
acuity <20/30; abnormal findings on slit-lJamp examination
or on fundus photographs; IOP >19 mmHg (i.e., mean + 2 X
standard deviation of the IOP values previously reported
in ~12,000 Japanese eyes?®); angle width grade 2 or less
(van Herick method); findings in the optic disc, retina, or
both suggestive of glaucoma or other ocular diseases; and at
least 1 abnormal test point in the frequency doubling tech-
nology visual field test. The definitive examination included
slit-lamp examination, gonioscopy, optic disc and posterior
pole fundus evaluation with a Goldmann 2-mirror lens
(Haag-Streit, Koeniz, Switzerland), applanation tonometry,
and visual field testing with the Humphrey Perimeter Cen-
tral 30-2 Swedish Interactive Threshold Algorithm Stan-
dard program (Humphrey Instruments). Unless gonioscopy
revealed an occludable angle, the pupil was dilated to obtain
stereoscopic disc photographs (3-DX NM; Nidek, Gama-
gori, Japan) and to observe the ocular fundus in detail by
indirect ophthalmoscopy. When the angle was thought to be
occludable, the same examinations were carried out with
undilated pupils.

Optic Disc Measurements using HRT 11

In the screening examination, optic disc parameters were
measured using HRT II. HRT II uses a diode laser (670-nm
wavelength) to sequentially scan the retinal surface in the
horizontal and vertical directions at multiple focal planes.
By using confocal scanning principles, a 3-dimensional
topographic image is constructed from a series of optical
image sections at consecutive focal planes. The topographic
image determined from the acquired 3-dimensional image
consists of 384X384 (147,456) pixels, each of which is a
measurement of retinal height at its corresponding location.
For every subject in this study, images were obtained
through undilated pupils with a 15-degree field of view.
Three topographic images were obtained, combined, and
automatically aligned to make a single mean topographic
image for analysis. A contour line of the optic disc margin
was drawn around the inner margin of the peripapillary
scleral ring by one experienced examiner (TT), who was
masked to the other clinical information, with viewing non-
stereo color fundus photographs. The contour line was re-
viewed in the topography and reflectance images and the
height profile graph included in the instrument by the same
examiner. For approximately 500 HRT images randomly
chosen, another experienced examiner (GT) double-
checked the contour lines and confirmed the correctness of
the placement. Twelve HRT parameters obtained with rou-
tine analysis were analyzed: disc area, cup area, rim area,
cup-to-disc area ratio, cup volume, rim volume, mean cup
depth, maximum cup depth, height variation contour, cup
shape measure, mean retinal nerve fiber layer (RNFL) thick-
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ness, and RNFL cross-sectional area. Magnification errors
were corrected using subjects’ refractive status and corneal
curvature measurements. This instrument and these param-
eters have been described.!*17-20-%°

Data Analysis

In the present study, the analysis was restricted to eyes that
had valid optic disc measurements with HRT II. Good
image quality was defined by appropriate focus, brightness
and clarity, minimal eye movement, optic disc centered in
the image, and a standard deviation of the mean topographic
image <40 pm. Eyes in which good-quality images could
not be obtained were excluded from the analysis. Eyes of
normal subjects based on the screening and definitive ex-
aminations were included in the analysis. Normal subjects
had a best corrected visual acuity =20/30, spherical refrac-
tion =*5 diopters (D), cylinder correction =*3 D, a
normal IOP =21 mmHg, normal appearance of the optic
disc and ocular fundus, normal visual field by frequency
doubling technology screener or Humphrey perimeter, no
previous laser surgery or intraocular surgery, and no signif-
icant ocular disease. Patients with glaucoma, suspected
glaucoma, IOP >21 mmHg, or exfoliation in at least 1 eye
or those with eyes having any inborn aberrations (e.g., tilted
disc) were carefully excluded.

Data were analyzed using SPSS 14.0] for Windows
(SPSS Japan, Inc., Tokyo, Japan). Comparisons between
groups were analyzed with paired or unpaired f test or the
chi-square test. Pearson’s correlation coefficients were cal-
culated to assess correlations between the 2 variables. Mul-
tiple regression analysis was applied to adjust for the effects
of potential confounders. All tests were 2-tailed. Because
the sample size in the current report was sufficiently large
(i.e., >1700 right and 1800 left eyes), parametric tests,
including ¢ test, Pearson’s correlation coefficient, and
multiple regression, were used based on the central limit
theorem.

Results

Of 6042 eyes of the 3021 participants of the Tajimi Study,
reliable HRT II results in ophthalmologically normal eyes
were analyzed in 3576 eyes (1769 right eyes and 1807 left
eyes) of 2036 participants. Between the included and ex-
cluded subjects, the male/female ratio was not statistically
different (924/1112 vs. 410/575, P = 0.051, x* test),
whereas age was significantly younger in the included sub-
jects than in the excluded subjects (56.0=10.0 years vs.
63.4213.7 years, P<<0.001, unpaired ¢ test). The reasons for
exclusion were (1) subjects were screened in their own
home (88 eyes); (2) HRT II measurements could not be
completed at the screening sites for various reasons, such as
subjects’ ocular or physical problems (906 eyes), and (3)
standard deviation of the HRT II measurements was =40
um (640 eyes). Eyes of definitive glaucoma, suspected
glaucoma, pseudoexfoliation, primary angle closure, ocular
hypertension or fellow eyes of these eyes (364 eyes), eyes
with other ocular diseases including congenital disc anom-
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alies that could affect the disc shape (84 eyes), pseudopha-
kic eyes (41 eyes), eyes with excessive refractive errors
(spherical error >=*35 D or cylindrical error >%3 D) (260
eyes), and eyes with best corrected visual acuity worse than
20/30 (83 eyes) were also excluded.

Inter-eye Difference in HRT Parameters

HRT parameters were compared between right and left eyes
in 1540 normal subjects, of whom both eyes were eligible.
All HRT parameters were significantly correlated between
right and left eyes (Pearson’s correlation coefficients
=0.450, P<<0.001) (Table 1 [available at http://aacjournal.
org]). Rim volume and height variation contour showed
small but significant inter-eye difference (P<<0.001, paired
t test), whereas the other parameters did not. The absolute
differences in HRT parameters between right and left eyes
are also shown in Table 1 (available at http://aaojournal.
org). Among HRT parameters, inter-eye absolute difference
was significantly different between male and female sub-
jects only in cup shape measure (0.05+0.04 and 0.06£0.05,
respectively, P = 0.001), and the difference was still sig-
nificant (P = 0.027) in multiple regression analyses adjust-
ing for age, height, weight, systolic and diastolic blood
pressure, OPP, refractive error, IOP, and CCT. Multiple
regression analyses adjusting for these confounders and
gender showed that disc area (mean value of right and left
eyes) was significantly positively correlated with inter-eye
absolute difference in cup area, rim area, cup volume, rim
volume, and RNFL cross-sectional area (P<<0.05), suggest-
ing subjects having larger discs tended to show greater
inter-eye absolute differences in these HRT parameters,
whereas disc area was significantly negatively correlated
with the inter-eye absolute difference in cup shape measure
(P<0.001). Because all HRT parameters were significantly
correlated and the results of the analyses were similar be-
tween right and left eyes, only the results from the right
1769 eyes (787 male and 982 female subjects) are presented
in the following sections.

Association of Gender, Age, Height, Weight, and
Blood Pressure with HRT Parameters

A total of 787 male subjects had significantly older age,
heavier weight, taller height, higher systolic and diastolic
blood pressure, and higher OPP and thicker CCT than
982 female subjects (unpaired ¢ test, P=<0.009), whereas
refractive error and IOP were not significantly different
(P=0.126) (Table 2).

In simple regression analyses, age was negatively corre-
lated with disc area, rim area, rim volume, maximum cup
depth, height variation contour, mean RNFL thickness, and
RNFL cross-sectional area in both male and female subjects
(P=0.002) (Table 3 [available at http://aaojournal.org]).
These trends are also seen after adjusting for the potential
confounders using multiple regression analysis (Tables 4
and 5 [available at http://aacjournal.org]). Cup area and
cup-to-disc area ratio were significantly greater in male
subjects than female subjects (P=<0.004). However, after
adjusting for the potential confounders, gender-related dif-
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Table 2. Comparison of Demographic Data and Heidelberg Retina Tomograph Parameters of Normal Right Eyes between 787 Male
and 982 Female Subjects

All

Age (y)
Weight (kg)
Height (cm)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

OPP (mmHg)

Refractive error (diopters)”
IOP (mmHg}
CCT (pm)
Disc area (mm
Cup area (mm?)*

Rim area (mm?)*
Cup-to-disc area ratio*

Cup volume (mm?®)*

Rim volume (mm’)*

Mean cup depth (mm)*
Maximum cup depth (mm)*

Z)i

55.7%9.8 (55.3-56.2)
58.2x10.6 (57.7-58.7)
158.9+8.8 (158.5-159.3)
130.4x22.7(129.3-131.4)
18.8+13.2(78.1-79.4)
49.5+9.8 (49.1-50.0)
—0.4£1.7 (0.5 t0 ~04)
14.4%2.5 (14.3-14.6)
520+32 (518-521)
2.06+0.41 (2.04-2.08)
0.51£0.35 (0.49-0.53)
1.5520.29 (1.54-1.56)
0.23x0.13 (0.23-0.24)
0.11%0.12 (0.11-0.12)
0.41£0.14 (0.40-0.42)
0.21+0.09 (0.20-0.21)
0.57%0.20 (0.56-0.58)

0.38+0.09 {(0.38-0.39)
—0.1920.07 (-0.19 to —0.19)

0.25%+0.07 (0.25-0.26}

1.29%0.35 (1.27-1.30}

Height variation contour {mm)*
Cup shape measure?

Mean RNFL thickness (mm)*
RNFL cross-sectional area (mm?)*

RNFL = retinal nerve fiber layer; OPP = ocular perfusion pressure; IOP =

Data are shown as “mean=*standard deviation (95% confidence interval).”

Male Female P*
56.4+9.8 (55.7-57.1) 55.2x9.9 (54.5-55.8) 0.009
63.9x10.1 {63.2-64.6) 53.7+8.9 {53.1-54.3) <0.001
165.6%6.7 (165.7-166.1) 153.3+6.3 (152.9-153.8) <0.001
133.5£22.3 (131.9-135.1) 128.9+22.8 (127.3-130.5) <0.001
80.9x13.2 (80.0-81.8) 77.2%13.1(76.3-78.2) <0.001
51.1%£9.6 (50.4-51.7) 48.5%9.8 (47.8,49.2) <0.001
-0.5%+1.8(-0.6t0 -0.3) —-0.4+1.8 (-0.6 10 —0.3) 0.612
14.6+2.6 (14.4-14.8) 14.5+2.4 (14.3-14.6) 0.126
52533 (523-527) 516+31 (514-518) <0.001
2.08%+0.44 (2.04-2.11) 2.05+0.39 (2.02-2.08) 0.085
0.54+0.37 (0.51-0.56) 0.50%+0.32 (0.47-0.52) 0.002
1.54+0.29 (1.52-1.56) 1.55%0.29 (1.53-1.57) 0.181
0.24+0.13 (0.23-0.25) 0.23+0.12 (0.22-0.24) 0.004
0.12+0.12 (0.11-0.13) 0.11+0.11 (0.10-0.12) 0.006
0.4020.14 (0.39-0.41) 0.42*0.14 (0.41-0.43) 0.083
0.2120.09 (0.20-0.22) 0.20+0.09 (0.20-0.21) 0.034
0.58=0.20 (0.56-0.59) 0.57%0.21 (0.56-0.59) 0.157
0.38+0.10 (0.38-0.39) 0.39+0.10 (0.38-0.39) 0.572

=0.19£0.07 (~0.19 0o —0.18)  —0.19%+0.07 (-0.20 t0 ~0.19) 0.033

0.25£0.07 (0.25-0.25)
1.27£0.35 (1.24-1.29)

0.26x0.07 (0.25-0.26) 0.007
1.31+0.35(1.28-1.33) 0.028

intraocular pressure; CCT = central corneal thickness.

*P value on comparison between male and female subjects (unpaired t test).

*Spherical equivalent values.

#*Because of multiple comparisons among the 12 Heidelberg Retina Tomograph parameters, Bonferroni correction was applied with a level of significance

of 0.0042.

ference in HRT parameters did not reach statistical signif-
icance(P>>0.05)(Tables4and 5 [available athttp://aacjournal.
org]). Height was also weakly correlated with several HRT
parameters in simple and multiple regression analyses (Ta-
bles 3, 4, and 5 [available at http://aaojournal.org]). Al-
though disc area was not significantly correlated with height
in multiple regression analysis, cup-related parameters were
positively correlated with height, whereas rim-related pa-
rameters were negatively correlated with height (Tables 4
and 5 [available at http://aacjournal.org]). Weight was not
correlated significantly with any HRT parameters in multi-
ple regression analyses (Tables 4 and 5 [available at http://
aaojournal.org}]). Systolic blood pressure and OPP were
negatively correlated with some HRT parameters in simple
regression analyses, but the significant correlations disap-
peared after adjusting for the potential confounders (Tables
3, 4, and 5 [available at http://aaojournal.org]).

Association of Refractive Error, IOP, and CCT
with HRT Parameters

Multiple regression analysis showed weak but significant
positive correlation between refractive error and disc area
(P<0.001), suggesting the trend that more myopic eyes
had smaller discs (Table 4 [available at http://aaojournal.
org]). Rim volume, mean RNFL thickness, and RNFL
cross-sectional area were negatively correlated with re-
fractive error in both male and female subjects in simple
regression analyses (P<<0.001) and multiple regression
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analyses (P<<0.001) (Tables 3 and 4 [available at http://
aaojournal.org]), suggesting that more myopic eyes had
greater rim volume. Rim volume, mean RNFL thickness,
and RNFL cross-sectional area were still negatively cor-
related with refractive error after adjusting for disc area
and the other potential confounders (Table 5 [available at
http://aaojournal.org]).

IOP was positively correlated with some cup-related pa-
rameters in multiple regression analyses (P<<0.05) (Table 5
[available at http://aaojournal.org]), suggesting the trend that
eyes with higher IOP had greater cup. CCT showed weak but
significant negative correlations with cup volume in multiple
regression analyses (P<<0.05) (Tables 4 and 5 [available at
http://aaojournal.org)).

Association of Disc Area with the Other
HRT Parameters

Disc area was correlated with all HRT parameters except
height variation contour with P values of =0.001 (Table
6 [available at http://aaojournal.org]). Cup area and cup
volume were relatively strongly correlated with disc area
(Pearson’s correlation coefficients =0.61). In multiple
regression analyses after adjusting for the potential con-
founders, disc area was also correlated with all HRT
parameters except height variation contour with P values
<0.001 (Table 5).
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Discussion

A total of 3576 eyes of 2036 ophthalmologically normal
Japanese subjects who participated in the Tajimi Study*~%’
were included in the present analyses. The age distribution
of the Tajimi Study participants was similar to that of the
Japanese population.?>>® In the Tajimi Study, although the
distribution of IOP was widely overlapped between normal
and glaucoma eyes,”® the criteria for diagnosing glaucoma
were not based on IOP, but on findings in the visual field
and optic disc in accordance with the criteria of the Inter-
national Society for Geographical and Epidemiological
Ophthalmology.®! Moreover, ophthalmologically normal
eyes in the current analyses were selected according to more
strict criteria as described previously. Thus, these criteria
should achieve reasonably high specificity of normal eyes in
the present report.

In the present report, descriptive statistics of the HRT
parameters in the population were presented. All HRT pa-
rameters were strongly or moderately correlated between
right and left eyes. Absolute inter-eye differences in several
HRT parameters were positively correlated with disc area.
Multiple regression analyses adjusting for the potential con-
founders showed weak but significant correlations of height,
refractive error, JOP, and CCT with several HRT parame-
ters, and moderate or weak but significant correlations of
disc area with many HRT parameters. Gender, weight,
blood pressure, and OPP did not significantly correlate with
HRT parameters.

Several investigators have reported racial differences in
optic disc characteristics.!>"'® In normal subjects of various
races, Tsai et al.,'> using HRT, found that disc area, cup
area, cup-to-disc area ratio, cup volume, and maximum cup
depth were significantly greater in 43 African-Americans
than in 44 whites, with intermediate values for 45 Asians
and 48 Hispanics. In another study of normal subjects,
Girkin et al.,'” using HRT 1I, found significantly greater
disc area, cup area, rim area, cup volume, mean cup depth,
and mean RNFL thickness in 144 normal eyes (84 subjects)
of African-Americans than in 109 normal eyes of 68 white
subjects. In normal white subjects, Hermann et al.,'> using
HRT, reported that the mean disc area was 1.82 mm? (882
subjects), and Vernon et al.'* (459 subjects), using HRT I,
reported that the mean and median disc areas were 1.98 and
1.93 mm?, respectively. Girkin et al.,'” using HRT 11, re-
ported that the mean disc areas were 2.26 mm? for normal
African-American subjects and 1.98 mm? for normal white
subjects. In the present report on 2036 normal Japanese
subjects using HRT II, the mean disc area was 2.06 mm®
(Table 2). The normal range of disc area was between 1.36
and 3.00 mm? in the current population if the normal range
is defined between the 2.5 and 97.5 percentiles. The mean
value of the disc area in the present report tended to be
greater than that in normal white subjects'*'# but smaller
than that in normal black subjects.!”

The characteristics of optic discs are usually well corre-
lated between right and left eyes in each subject. One of the
established criteria for diagnosing glaucoma in population-
based studies, such as “difference of the vertical cup-to-disc
ratio is 0.2 or more between both eyes,”?*3'=** is based on

- 108 -

the inter-eye similarity in optic disc shape in normal eyes. In
previous studies, one study of 551 normal Turkish subjects
found no significant inter-eye differences in HRT parame-
ters,?® whereas other studies on normal white subjects re-
ported significant inter-eye differences in some HRT pa-
rameters, although the differences were small.!>>>3¢ In the
present report, all HRT parameters were strongly or mod-
erately correlated between right and left eyes and no appar-
ently significant inter-eye difference was found as a whole
in all parameters except rim volume and height variation
contour (Table 1 [available at http://aacjournal.org]). How-
ever, the absolute inter-eye differences in some parameters
were not as small as clinically ignorable. For example,
absolute inter-eye difference in cup-to-disc area ratio (0.07)
was equivalent to 30% of the bilateral mean (0.23) of the
parameter. Thus, the current results indicate that inter-eye
difference in HRT parameters is not always small enough in
each individual and that it cannot be adopted as a useful
diagnostic tool in detecting disc pathology, especially
among subjects with large optic discs because the absolute
inter-eye difference was positively correlated with the optic
disc size.

Several studies have reported significant gender-related
differences in HRT parameters.'3~'>2022 In normal subjects
of various races, Tsai et al.,'> using analysis of variance,
found that women had a significantly greater rim volume
and that men had significantly greater cup area, cup-to-disc
area ratio, cup volume, and cup-to-disc ratio. In normal
Turkish subjects, Durukan et al.,?C using the 1 test, found
that women had significantly greater height variation con-
tour, mean RNFL thickness, and RNFL cross-sectional area.
In normal white subjects, Hermann et al.!* and Vernon
et al.,'* using the Mann-Whitney test, found that the women
had significantly greater rim volume, mean RNFL thick-
ness, and RNFL cross-sectional area. In Japan, Uchida
et al.,?? using the Mann-Whitney test, found that men had
significantly greater disc area. However, none of these in-
vestigators adjusted for other important potential confound-
ers such as age, height, and refraction using multiple regres-
sion analysis. In the present report, some HRT parameters
were significantly different between male and female sub-
jects using unpaired ¢ test (Table 2), but the significant
differences diminished after adjusting for the potential con-
founders using multiple regression analysis (Tables 4 and 5
[available at http://aaojournal.org]). Thus, gender itself is
not thought to influence HRT parameters.

Between age and optic disc characteristics, several in-
vestigators observed significant association,20~%%37-3?
whereas others did not.!314164041 Iy normal white subjects,
Hermann et al.,'? using HRT, reported that although the disc
area and mean RNFL thickness were smaller in older sub-
jects (age, 52-70 years) than in younger subjects (35-40
years), no significant differences were noted. Vernon et al.l4
found no significant age-related differences in HRT param-
eters in normal white subjects, although rim and RNFL-
related parameters tended to decrease with age. In contrast,
although they were hospital-based studies and the numbers
of subjects were not sufficiently large, one study of normal
Japanese subjects found that mean RNFL thickness and
RNFL cross-sectional area significantly decreased with in-
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creasing age,?! and another study found that rim volume,
height variation contour, mean RNFL thickness, and RNFL
cross-sectional area significantly decreased with increasing
age and that cup shape measure significantly increased with
increasing age.*” In the present report, several HRT param-
eters, including disc area, correlated with age in both crude
and partial correlation analyses. Approximately one third of
the study participants had to be excluded from the analysis
of HRT data, and because there was significant difference in
age between the included and excluded subjects, the asso-
ciation of age with HRT parameters in the included subjects
should be interpreted with caution. For example, the asso-
ciation between older age and smaller disc area may be
attributable to the cohort effect than to the longitudinal
effect because disc size is supposed to be unchanged through-
out lifetime. However, this significant correlation between age
and some HRT parameters indicates the importance of adjust-
ing for age as a possible confounder in multiple regression
analyses in the current subjects. After adjusting for disc area
and the other potential confounders, rim area, rim volume,
height variation contour, mean RNFL thickness, and RNFL
cross-sectional area significantly decreased with increasing
age, whereas cup area, cup-to-disc area ratio, and cup shape
measure significantly increased with increasing age (Table 5
[available at http://aaojournal.org]). Our findings are consistent
with those of the above previous studies of normal Japanese
subjects. If age-related decrease in nerve fibers exists,*>~4° it is
possible that HRT parameters that reflect the amount of nerve
fibers may slightly decrease with increasing age.

In the present report, partial correlation analyses showed
that disc area was not correlated with height, whereas some
of the other HRT parameters were significantly correlated
with height (Tables 4 and 5 [available at http://aaojournal.
org]). After adjusting for the potential confounders, with
increasing height, cup-related parameters weakly but signif-
icantly increased, whereas rim-related parameters weakly
but significantly decreased. In contrast with our findings, the
investigators of the Rotterdam Study, using image analysis of
stereoscopic optic disc photographs, found no significant
height-related differences in cup area and cup-to-disc area
ratio.*! Although the reasons for the discrepancy are unclear,
racial differences and differences in methods of evaluating
optic disc morphology are at least partially responsible.

In the present report of normal subjects (spherical refrac-
tion =*+5D and cylinder correction ==*3 D), both crude
and partial correlation analyses showed that several HRT
parameters weakly correlated with refractive error (Tables
3,4, and 5 [available at http://aaojournal.org]). After adjust-
ing for the potential confounders, disc area significantly
decreased with an increase in myopia (Table 4 [available at
http://aacjournal.org]). After adjusting for disc area and the
other potential confounders, rim volume, height variation
contour, mean RNFL thickness, and RNFL cross-sectional
area significantly increased with an increase in myopia
(Table 5 [available at http://aacjournal.org]). Some studies
showed a significant influence of refractive errors on HRT
parameters.!>! Tsai et al.'* found that rim volume signif-
icantly increased with an increase in myopia in normal
subjects of various races (refractive error between —6 and
+3 D). Nakamura et al.?! found that mean cup depth and
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maximum cup depth significantly increased with an increase
in myopia in a relatively small sample of normal Japanese
subjects (77 subjects, refractive error between —5 and
+4.13 D). In contrast, Bowd et al.*® and Durukan et al.?°
found no significant association between refractive error
and HRT parameters in normal white subjects (refractive
error =5 D) and normal Turkish subjects (refractive error
between —4.75 and +4.25 D), respectively. Although the
reasons for the differences among these studies and our
study, are unclear, differences in sample sizes, subject char-
acteristics, including age, refractive errors, and races, or
methods of analyses might have affected the results.

Many studies have reported a significant effect of optic
disc size on optic disc characteristics.!3-16-20-22.37.38.40.41
However, in normal Turkish subjects, Durukan et al.®
found cup shape measure and height variation contour to be
independent of disc area. In normal white subjects, Vernon
et al.!* found height variation contour to be the only pa-
rameter independent of disc area. Two previous studies of
normal Japanese subjects using HRT also found height
variation contour to be independent of disc area.?!?? In the
present report, all HRT parameters except height variation
contour moderately or weakly correlated with disc area with
P values of =0.001 in both crude and partial correlation
analyses (Tables 5 and 6 [available at http://aacjournal.
org}). Our findings are consistent with those of previous
studies in that height variation contour, which is the height
difference between the most elevated and most depressed
points of the contour line, is independent of or minimally
affected by optic disc size.!*?°-22 On the other hand, as in
previous studies,3-15-20-22.37.38:40 many cup, rim, or RNFL-
related HRT parameters were closely influenced by optic
disc size, suggesting that optic disc size should be consid-
ered in evaluating these parameters.

A recent study reported a significant association between
systemic blood pressure and some of the HRT parameters in
232 Greek patients without glaucoma.*® Topouzis et al*
found a significant association of lower diastolic blood
pressure with increased cup area and decreased rim area in
multiple regression analysis. However, Jonas and Griin-
dler*’ analyzed stereo optic disc photographs of 167 normal
white subjects and found no significant influence of sys-
temic hypertension on optic disc structure, including disc
area and rim area. The present report on normal Japanese
subjects did not find a significant association of systemic
blood pressure with HRT parameters after adjusting for the
possible confounders (Tables 4 and 5 [available at http://
aaojournal.org]). Although the true reasons for these dis-
crepancies are hard to be determined, differences in races
and blood pressure itself between the studies may be pos-
sible explanations.

In the present report, weak but significant correlations
between higher IOP and greater cup-related parameters
were found in multiple regression analyses including disc
area as an independent variable (Table 5). A similar rela-
tionship was found in the Blue Mountains Eye Study using
optic disc photographs.*® Investigators of the Beijing Eye
Study also reported that rim area evaluated with optic disc
photographs was significantly smaller in eyes with IOP >21
mmHg than those with IOP =21 mmHg, although, for the
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cyes with elevated IOP, neither the optic disc appearance
nor the perimetric results were taken into account.*’ These
findings, including ours using HRT II, suggest that eyes
with higher IOP tend to have greater cup even in normal
cyes.

In the present report, after adjusting for the potential
confounders, CCT showed weak but significant negative
correlations with a few cup-related parameters, suggesting
that eyes with a thinner cornea tended to have a greater cup
(Tables 4 and 5 [available at http://aacjournal.org]). This
may have some clinical implication, if one considers the
recently reported findings that thinner cornea is a risk factor
for developing glaucoma from ocular hypertensive eyes in
the Ocular Hypertension Treatment Study>® and the Euro-
pean Glaucoma Prevention Study.>!

One limitation of the present report is the exclusion of a
significant proportion of eyes that did not undergo HRT II
measurements or in which HRT II images could not be
obtained, or those without good-quality optic disc images.
Because the excluded subjects were significantly older than
the included subjects and age was significantly related to
many HRT parameters, the exclusion may have influenced
the current results, and the interpretation of age-related
changes in HRT parameters in the current subjects should
be done with caution. Another limitation of the present
report is that only normal subjects with good central vision,
no high refractive error, and clear ocular media were in-
cluded in the analyses. Qur definitions of normality may
have excluded some potentially normal subjects from the
analyses. Despite these limitations, our data provide a ref-
erence range of normality for HRT parameters based on a
large sample of normal Japanese subjects. The reference
range for normality provided in this report becomes a basis
for comparison of optic disc characteristics between normal
and glaucomatous eyes. Whether the reference range can
improve the ability of glaucoma diagnosis in Japanese sub-
jects requires further research.

References

1. Read RM, Spaeth GL. The practical clinical appraisal of the
optic disc in glaucoma: the natural history of cup progression
and some specific disc-field correlations. Trans Am Acad
Ophthalmol Otolaryngol 1974;78:0P255-74.

2. Pederson JE, Anderson DR. The mode of progressive disc
cupping in ocular hypertension and glaucoma. Arch Ophthal-
mol 1980;98:490-5.

3. Zeyen TG, Caprioli J. Progression of disc and field damage in
early glaucoma. Arch Ophthalmol 1993;111:62-5.

4. Chauvhan BC, McCormick TA, Nicolela MT, LeBlanc RP.
Optic disc and visual field changes in a prospective longitu-
dinal study of patients with glaucoma: comparison of scanning
laser tomography with conventional perimetry and optic disc
photography. Arch Ophthalmol 2001;119:1492-9.

5. Zangwill LM, Weinreb RN, Beiser JA, et al., Confocal Scan-
ning Laser Ophthalmoscopy Ancillary Study to the Ocular
Hypertension Treatment Study Group. Baseline topographic
optic disc measurements are associated with the development
of primary open-angle glaucoma: the Confocal Scanning La-
ser Ophthalmoscopy Ancillary Study to the Ocular Hyperten-
sion Treatment Study. Arch Ophthalmol 2005;123:1188-97.

-110 -

10.

11.

12.
13.

14,

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

in Normal Japanese Subjects

. Lichter PR. Variability of expert observers in evaluating the

optic disc. Trans Am Ophthalmol Soc 1976;74:532-72.

. Varma R, Steinmann WC, Scott TU. Expert agreement in

evaluating optic discs. Ophthalmology 1992;99:215-21.

. Azuara-Blanco A, Katz LJ, Spaeth GL, et al. Clinical agree-

ment among glaucoma experts in the detection of glaucoma-
tous changes of the optic disk using simultaneous stereoscopic
photographs. Am J Ophthalmol 2003;136:945-50.

. Mikelberg FS, Wijsman K, Schulzer M. Reproducibility of

topographic parameters obtained with the Heidelberg retina
tomograph. J Glaucoma 1993;2:101-3.

Lusky M, Bosem ME, Weinreb RN. Reproducibility of optic
nerve head topography measurements in eyes with undilated
pupils. J Glaucoma 1993;2:104-9.

Rohrschneider K, Burk RO, Kruse FE, Volcker HE. Repro-
ducibility of the optic nerve head topography with a new laser
tomographic scanning device. Ophthalmology 1994;101:
1044--9.

Ford BA, Artes PH, McCormick TA, et al. Comparison of data
analysis tools for detection of glaucoma with the Heidelberg
retina tomograph. Ophthalmology 2003;110:1145-50.
Hermann MM, Theofylaktopoulos 1, Bangard N, et al. Optic
nerve morphometry in healthy adults using confocal laser
scanning tomography. Br J Ophthalmol 2004;88:761-5.
Vernon SA, Hawker MJ, Ainsworth G, et al. Laser scanning
tomography of the optic nerve head in a normal elderly
population: the Bridlington Eye Assessment Project. Invest
Ophthalmol Vis Sci 2005;46:2823-8.

Tsai CS, Zangwill L, Gonzalez C, et al. Ethnic differences in
optic nerve head topography. J Glaucoma 1995;4:248 -57.
Varma R, Tielsch JM, Quigley HA, et al. Race-, age-, gender-,
and refractive error-related differences in the normal optic
disc. Arch Ophthalmol 1994;112:1068-76.

Girkin CA, McGwin G Jr, McNeal SF, DeLeon-Ortega J.
Racial differences in the association between optic disc topog-
raphy and early glaucoma. Invest Ophthalmol Vis Sci 2003,
44:3382-7.

Chi T, Ritch R, Stickler D, et al. Racial differences in optic
nerve head parameters. Arch Ophthalmol 1989;107:836-9.
Zangwill LM, Weinreb RN, Berry CC, et al., Confocal Scan-
ning Laser Ophthalmoscopy Ancillary Study to the Ocular
Hypertension Treatment Study. Racial differences in optic
disc topography: baseline results from the Confocal Scanning
Laser Ophthalmoscopy Ancillary Study to the Ocular Hyper-
tension Treatment Study. Arch Ophthalmol 2004;122:22-8.
Durukan AH, Yucel I, Akar Y, Bayraktar MZ. Assessment of
optic nerve head topographic parameters with a confocal scan-
ning laser ophthalmoscope. Clin Experiment Ophthalmol
2004;32:259-64.

Nakamura H, Maeda T, Suzuki Y, Inoue Y. Scanning laser
tomography to evaluate optic discs of normal eyes. Jpn J
Ophthalmol 1999;43:410-4.

Uchida H, Yamamoto T, Araie M, et al. Topographic charac-
teristics of the optic nerve head measured with scanning laser
tomography in normal Japanese subjects. Jpn J Ophthalmol
2005;49:469-76.

Iwase A, Suzuki Y, Araie M, et al., Tajimi Study Group, Japan
Glaucoma Society. The prevalence of primary open-angle
glaucoma in Japanese: the Tajimi Study. Ophthalmology
2004;111:1641-8.

Yamamoto T, Iwase A, Araie M, et al., Tajimi Study Group,
Japan Glaucoma Society. The Tajimi Study report 2: preva-
lence of primary angle closure and secondary glaucoma in a
Japanese population. Ophthalmology 2005;112:1661-9.
Iwase A, Araie M, Tomidokoro A, et al., Tajimi Study Group.
Prevalence and causes of low vision and blindness in a Japa-

229



Ophthalmology Volume 116, Number 2, February 2009

nese adult population: the Tajimi Study. Ophthalmology
2006;113:1354-62.

26. Suzuki Y, Iwase I, Araie M, et al., Tajimi Study Group. Risk
factors for open-angle glaucoma in a Japanese population: the
Tajimi Study. Ophthalmology 2006;113:1613-7.

27. Iwase I, Tomidokoro A, Araie M, et al., Tajimi Study Group.
Performance of frequency-doubling technology perimetry in a
population-based prevalence survey of glaucoma: the Tajimi
Study. Ophthalmology 2007;114:27-32.

28. Shiose Y, Kitazawa Y, Tsukahara S, et al. Epidemiology of
glaucoma in Japan—a nationwide glaucoma survey. Jpn J
Ophthalmol 1991;35:133-55.

29. Medeiros FA, Zangwill LM, Bowd C, Weinreb RN. Compar-
ison of the GDx VCC scanning laser polarimeter, HRT II
confocal scanning laser ophthalmoscope, and Stratus OCT
optical coherence tomography for detection of glaucoma.
Arch Ophthalmol 2004;122:827-37.

30. Japan 2004/2005 Census [in Japanese]. 62nd ed. Tokyo: Yano
Memorial Association Hutoshi Hisashi; 2004:45-52.

31. Foster PJ, Buhrmann R, Quigley HA, Johnson GJ. The defi-
nition and classification of glaucoma in prevalence surveys.
Br J Ophthalmol 2002;86:238—42.

32. Wolfs RCW, Borger PH, Ramrattan RS, et al. Changing views
on open-angle glaucoma: definitions and prevalences—The Rot-
terdam Study. Invest Ophthalmol Vis Sci 2000;41:3309-21.

33. Quigley HA, West SK, Rodriguez J, et al. The prevalence of
glaucoma in a population-based study of Hispanic subjects:
Proyecto VER. Arch Ophthalmo! 2001;119:1819-26.

34. Rotchford AP, Johnson GJ. Glaucoma in Zulus: a population-
based cross-sectional survey in a rural district in South Africa.
Arch Ophthalmol 2002;120:471-8.

3S. Gherghel D, Orgiil S, Priinte C, et al. Interocular differences in
optic disc topographic parameters in normal subjects. Curr
Eye Res 2000,20:276-82.

36. Hawker MJ, Vernon SA, Ainsworth G, et al. Asymmetry in
optic disc morphometry as measured by Heidelberg retina
tomography in a normal elderly population: the Bridlington
Eye Assessment Project. Invest Ophthalmol Vis Sci 2005;46:
4153-8.

37. Garway-Heath DF, Wollstein G, Hitchings RA. Aging
changes of the optic nerve head in relation to open angle
glaucoma. Br J Ophthalmol 1997;81:840-5.

38. Bowd C, Zangwill LM, Blumenthal EZ, et al. Imaging of the
optic disc and retinal nerve fiber layer: the effects of age, optic

Footnotes and Financial Disclosures

disc area, refractive error, and gender. J Opt Soc Am A Opt
Image Sci Vis 2002;19:197-207.

39. Tsai CS, Ritch R, Shin DH, et al. Age-related decline of disc
rim area in visnally normal subjects. Ophthalmology 1992;99:
29-35.

40. Saruhan A, Orgiil S, Kogak 1, et al. Descriptive information of
topographic parameters computed at the optic nerve head with
the Heidelberg retina tomograph. J Glaucoma 1998;7:420-9.

41. Ramrattan RS, Wolfs RC, Jonas JB, et al. Determinants of
optic disc characteristics in a general population: the Rotter-
dam Study. Ophthalmology 1999;106:1588-96.

42. Balazsi AG, Rootman J, Drance SM, et al. The effect of age
on the nerve fiber population of the human optic nerve. Am J
Ophthalmol 1984;97:760—6.

43. Mikelberg FS, Drance SM, Schulzer M, et al. The normal
human optic nerve: axon count and axon diameter distribution.
Ophthalmology 1989;96:1325-8.

44, Mikelberg FS, Yidegiligne HM, White VA, Schulzer M. Re-
lation between optic nerve axon number and axon diameter to
scleral canal area. Ophthalmology 1991;98:60-3.

45. Jonas JB, Schmidt AM, Muller-Bergh JA, et al. Human optic
nerve fiber count and optic disc size. Invest Ophthalmol Vis
Sci 1992;33:2012-8.

46. Topouzis F, Coleman AL, Harris A, et al. Association of blood
pressure status with the optic disk structure in non-glaucoma
subjects: the Thessaloniki Eye Study. Am J Ophthalmol 2006;
142:60-7.

47. Jonas JB, Griindler A. Effect of arterial hypertension on the
optic disc structure [letter]. Arch Ophthalmol 1996;114:
1300-1.

48. Healey PR, Mitchell P, Smith W, Wang JJ. The influence of
age and intraocular pressure on the optic cup in a normal
population. J Glaucoma 1997,6:274-8.

49. XuL, Wang Y, Yang H, et al. Size of the neuroretinal rim and
optic cup and their correlations with ocular and general pa-
rameters in adult Chinese: the Beijing Eye Study. Br J Oph-
thalmol 2007;91:1616-9.

50. Gordon MO, Beiser JA, Brandt JD, et al., Ocular Hyperten-
sion Treatment Study Group. The Ocular Hypertension Treat-
ment Study: baseline factors that predict the onset of primary
open-angle glaucoma. Arch Ophthalmol 2002;120:714-20.

51. European Glaucoma Prevention Study (EGPS) Group. Predic-
tive factors for open-angle glaucoma among patients with
ocular hypertension in the European Glaucoma Prevention
Study. Ophthalmology 2007;114:3-9.

Originally received: March 27, 2008.
Final revision: August 30, 2008.
Accepted: September 7, 2008.

Available online: December 12, 2008. Manuscript no. 2008-400.

! Division of Ophthalmology and Visual Sciences, Niigata University
Graduate School of Medical and Dental Sciences, Niigata, Japan.

2 Department of Ophthalmology, Tajimi Municipal Hospital, Tajimi,
Japan.

3 Department of Ophthalmology, University of Tokyo Graduate School of
Medicine, Tokyo, Japan.

* The Second Department of Ophthalmology, Toho University School of
Medicine, Tokyo, Japan.

230

% Department of Ophthalmology, Gifu University Graduate School of Med-
icine, Gifu, Japan.

Presented in part as a poster at: American Academy of Ophthalmology
annual meeting, New Orleans, Louisiana, November 12-13, 2007.

Financial Disclosure(s):
The authors have no proprietary or commercial interest in any materials
discussed in this article.

Supported by the Japan National Society for the Prevention of Blindness,
Tokyo, Japan, and Japan Ophthalmologists Association, Tokyo, Japan.
Correspondence:

Haruki Abe, MD, PhD, Division of Ophthalmology and Visual Sciences,
Niigata University Graduate School of Medical and Dental Sciences, 1-757
Asahimachi-dori, Chuo-ku, Niigata 951-8510, Japan.

- 111 -



Nine-Year Incidence and Risk Factors for
Age-Related Macular Degeneration in a
Defined Japanese Population

The Hisayama Study

Miho Yasuda, MD, PhD,! Yutaka Kiyohara, MD, PhD,? Yasuaki Hata, MD, PhD,! Satoshi Arakawa, MD,’
Koji Yonemoto, PhD,? Yasufumi Doi, MD, PhD,’> Mitsuo Iida, MD, PhD,* Tatsuro Ishibashi, MD, PhD'

Purpose: To estimate the 9-year incidence and risk factors for age-related macular degeneration (AMD) in
a general Japanese population.

Design: Population-based, cohort study.

Participants: In 1998, a total of 1775 Hisayama residents aged =40 years underwent a baseline eye
examination. Of those, 1401 subjects (78.9%) took part in the follow-up eye examination in 2007 and were
enrolled in the present study.

Methods: At both time points, the characteristics of AMD were determined by grading color fundus
photographs using the Wisconsin Age-Related Maculopathy Grading System.

Main Outcome Measures: Incident early and late AMD.

Results: The age-standardized, 9-year cumulative incidence of early AMD was 10.0%, and that of late AMD
was 1.4%. Men were found to have a significantly higher incidence of late AMD than women (age-adjusted odds
ratio [OR], 2.97; 95% confidence interval [Cl], 1.25-7.09). The incidence of both early and late AMD increased
significantly with age. Multiple logistic regression analysis showed that older age (per 1 year; OR, 1.10; 95% Cl,
1.05-1.16), smokin% habits (OR, 3.98; 95% CI, 1.07-14.7), and higher circulating white blocd cell (WBC) count
{(per 1000 cells/mm~) (OR, 1.38; 95% ClI, 1.07-1.79) were significantly associated with the development of late
AMD.

Conclusions: Qur findings suggest that the 9-year incidences of late AMD are lower among the
Japanese than among white people in Western countries, and it is higher than among black people. Smoking
habits and higher circulating WBC count are significant risk factors for the development of late AMD in the
Japanese.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed

in this article. Ophthalmology 2009;116:2135-2140 © 2009 by the American Academy of Ophthalmology.

Age-related macular degeneration (AMD) is the leading
cause of irreversible visnal impairment and blindness in
elderly populations in developed countries.! Despite the
magnitude of this problem, the pathogenesis of AMD re-
mains poorly understood. It is thus very important to deter-
mine the precise incidence of AMD and to identify its risk
factors to develop preventive measures of the disease. To
date, several population-based studies®>~’ including ours®
have provided valuable information on incidence and risk
factors for AMD. The risk factors examined include iris
color,? hypertension,> atherosclerosis,* smoking habits,*®
higher total/high-density lipoprotein ratio,® and higher white
blood cell (WBC) count.” However, information on the
long-term risk of AMD is scarce®~!'! and nonexistent in
Asians including Japanese.

The aim of this article was to examine the 9-year inci-
dence of early and late AMD and its risk factors in a
prospective study of a general Japanese population.

© 2009 by the American Academy of Ophthalmology
Published by Elsevier Inc.
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Materials and Methods

Study Population

The Hisayama Study is an ongoing, long-term, cohort study on
cardiovascular disease and its risk factors in the town of Hisayama
adjoining Fukuoka City, a metropolitan area in southern Japan.!?
As a part of the study, a follow-up survey of eye diseases among
residents of the town has been underway.®'3 In 1998, a total of
1775 individuals (688 men and 1775 women) aged =40 years
underwent a baseline eye examination. Of those, 1404 subjects
(79.1%) took part in the follow-up eye examination in 2007. After
excluding 3 subjects who had ungradable photographs of either
eye, 1401 (78.9% of the original cohort) were enrolled in the
present study.

Ophthalmic Examination and Definition of
Age-related Maculopathy

The methods used for the baseline eye examination have been
described in detail previously.!* Briefly, each participant under-
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went ophthalmic examination after pupil dilatation with 1.0%
tropicamide and 10% phenylephrine. Fundus photographs (45°)
were taken using a Topcon TRC NW-5 fundus camera (Topcon
Corporation, Tokyo, Japan), and the 35-mm color transparencies
were made using Fujichrome slide film (Sensia II; Fujifilm, Tokyo,
Japan). At the 9-year follow-up eye examination, fundus photo-
graphs (45°) were taken using a Topcon digital TRC NW-6SF
fundus camera (Topcon Corporation). Photographs were taken of
1 field per eye.

Both examinations used a similar, masked photographic grad-
ing technique based on the International Age-related Maculopathy
Epidemiological Study Group grading protocol and the grids of the
Wisconsin Age-related Maculopathy Grading System.'*!S The
Wisconsin Age-related Maculopathy Grading System grid was
adapted to the magnification of the camera. This protocol divides
AMD into early and late stages. Early-stage AMD was defined by
the presence of large drusen (soft distinct and soft indistinct) or
retinal pigment epithelium pigmentary abnormalities (hyperpig-
mentation or hypopigmentation),'> within the grid in the absence
of late AMD in either eye. Late-stage AMD was defined as the
presence of neovascular AMD or geographic atrophy. Neovascular
AMD included serous or hemorrhagic detachment of the retinal
pigment epithelium or sensory retina, and the presence of subreti-
nal or subretinal pigment epithelium hemorrhages or subretinal
fibrous scar tissue.'> Geographic atrophy was characterized by
sharply edged, roughly round, or oval areas of retinal pigment
epithelium hypopigmentation, with clearly visible choroidal ves-
sels.!> The minimum area of geographic atrophy was a circle
=175 wm in diameter. In our study, 2 experienced graders (MY,
TI), masked to the subject information, assessed the AMD. Inter-
observer and intraobserver variability were analyzed. The level of
agreement between the graders was 0.80 and 0.86 for most fea-
tures. Finally, we determined the final diagnosis for disagreement
cases after discussion.

Data Collection

Blood pressure was measured 3 times after the subject had rested
for =5 minutes in the sitting position. The average of the 3
measurements was used for the analysis. Hypertension was defined
as systolic blood pressure =140 mmHg, diastolic blood pressure
=90 mmHg, or current use of antihypertensive medication. Blood
samples were collected from an antecubital vein after an overnight
fast of =12 hours. After taking the fasting blood specimen, a 75-g
oral glucose tolerance test was performed with a 75-g glucose
equivalent carbohydrate load (Trelan G; Shimizu Pharmaceutical
Inc., Shimizu, Japan). Diabetes was defined as a fasting plasma
glucose level =7.0 mmol/L, a 2-hour postloading glucose level
=11.1 mmol/L, or a medical history of diabetes. Serum total
cholesterol, high-density lipoprotein cholesterol, and triglyceride
levels were determined enzymatically using an autoanalyzer
(TBA-80S; Toshiba Inc., Tokyo, Japan), and dyslipidemia was
defined as a total cholesterol level =5.7 mmol/L, high-density
lipoprotein cholesterol <1.0 mmol/L, serum triglyceride level
=1.7 mmol/L, or the current use of antihyperlipidemic medication.
The WBC counts were determined using a Coulter counter (STKS;
Beckman Coulter Inc., Fullerton, CA). Information on smoking
habits and alcohol intake was obtained using a standard question-
naire by trained interviewers at the initial examination. Subjects
were classified as either current or past habitual use or as nonuser.
Body height and weight were measured in light clothing without
shoes, and the body mass index (kg/mz) was calculated.
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Statistical Methods

We calculated the 9-year incidences of AMD. Age-adjusted cu-
mulative incidences of AMD were calculated by means of the
direct method using the World Health Organization standard pop-
ulation in 1998. Incident early AMD was defined by the appear-
ance at follow-up of either soft drusen or retinal pigmentary
abnormalities in either eye of persons in whom no early or late
AMD was present at baseline. Incident late AMD was defined by
the development at follow-up of neovascular AMD or geographic
atrophy in either eye of persons in whom no late AMD was present
at baseline. We examined the relationships between risk factors at
baseline and the incidence of early and late AMD. We considered
the following 9 possible risk factors for AMD: age, gender, hy-
pertension, diabetes, dyslipidemia, smoking habits, alcohol intake,
body mass index, and WBC count. Age, body mass index, and
WBC count were treated as continuous variables and the others as
categorical variables. Each categorical variable was coded as either
1 or 0 depending on the presence or absence of the factor, respec-
tively. Mean values were compared by the Student ¢ test, and
frequencies by the chi-square test. We estimated the age-adjusted
and multivariate odds ratio (OR) and 95% confidence interval (CI)
of each potential risk factor by using a logistic regression analysis.
The SAS software package (SAS Inc, Cary, NC) was used to
perform the statistical analyses. A 2-sided P value of less than 0.05
was considered statistically significant.

Ethical Considerations

This study was approved by the Human Ethics Review Committee
of Kyushu University Graduate School of Medical Sciences, and
was carried out in accordance with the Declaration of Helsinki.
Informed consent was obtained from all participants.

Results

Table 1 shows the mean values or frequencies of potential risk
factors for AMD at baseline by gender. Men were older than
women. The frequencies of early AMD, hypertension, diabetes,
smoking habits, and alcohol intake, and mean WBC count were
higher for men than for women, whereas women had the higher
frequency of dyslipidemia. There was no difference in mean body
mass index between the genders.

The age-adjusted, 9-year, cumulative incidences of early and
late AMD lesions are shown by gender in Table 2. After excluding

Table 1. Mean Values or Frequencies of Potential Risk Factors
for Age-related Macular Degeneration (AMD) by Gender at
Baseline: The Hisayama Study, 1998 Early AMD and late AMD

are Prevalence

Variables Men Women
n 524 877
Age (y), means = SD 61=10 59+10
Early AMD (%) 18.7 11.6
Late AMD (%) 1.3 0.3
Hypertension (%) 49.4 37.6
Diabetes (%) 16.6 6.6
Dyslipidemia (%) 46.4 54.1
Body mass index (kg/m?) 23.4+29 23.1+34
Smoking habits (%) 74.8 7.1
Alcohol intake (%) 69.1 19.6
White blood cells (X 10°/mm?) 6.2+1.6 54%+1.3
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Table 2. Age-Standardized 9-Year Cumulative Incidences of Early and Late Age-related Macular Degeneration (AMD) by Gender:
The Hisayama Study, 1998-2007

Men Women All Subjects
Population ar  Age- standardized’  Population at  Age- standardized’  Population at  Age- standardized”
Risk Incidence, n (%) Risk Incidence, n (%) Risk Incidence, n (%)
Early AMD 426 50(9.0) 775 93 (10.4) 1201 143 (10.0)
Pigmentary abnormalities 426 17 (3.3) 775 9(1.3)* 1201 26 (2.0}
Soft distinct and indistinct drusen 426 33(5.7) 175 84 (8.8)* 1201 117 (8.0)
Late AMD 517 15 (2.6) 874 8 (0.8)* 1391 23 (1.4)
Geographic atrophy 517 1(0.1) 874 0(0.0) 1391 1(0.04)
Neovascular AMD 517 14(2.5) 874 8(0.8)* 1391 22(1.4)

*P<<0.05, men vs women.

"The incidence was standardized for age with the World Health Organization standard population.

190 participants with early AMD and 10 participants with late
AMD at the baseline eye examination, a total of 143 participants
(10.0%) developed incident early AMD during the follow-up. The
incidence of early AMD was slightly but not significantly higher in
women than in men. In regard to subtype of early AMD, the
incidence of retinal pigmentary abnormalities was significantly
higher in men than in women, whereas the incidence of drusen was
significantly higher among women. After excluding 10 participants
with late AMD at the baseline eye examination, a total of 23
participants (1.4%) developed late AMD during the follow-up. The
incidence of late AMD was significantly higher in men than in
women (age-adjusted OR, 2.97; 95% CI, 1.25-7.09) owing mainly
to the significantly higher incidence of neovascular AMD in men.

Figure 1 demonstrates the age-specific incidences of early and
late AMD by gender. The incidences of early and late AMD
significantly increased with advancing age in both genders. In each
age group, the incidence of earty AMD was consistently higher in
women than in men, whereas the incidence of late AMD was
higher in men in age groups of =50 years.

25

20

15 o

9-year incidence

10

4049 50-59 60-69 70+
Age (years)

Figure 1. Age-specific 9-year incidences of early and late age-related
macular degeneration by gender, the Hisayama Study. Broken line, early
age-related macular degeneration; solid line, late age-related macular de-
generation; black squares, men; black circles, women **P<0.01; *P<0.05
for trend.
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Table 3 presents the age-adjusted, 9-year incidence of late
AMD by presence or absence of earty AMD at baseline. Progres-
sion to late AMD was approximately 4.4% among persons with
early AMD and 0.7% among persons without early AMD. Pro-
gression to neovascular AMD was 1.8% among persons with
pigmentary abnormalities and was 5.2% among persons with soft
distinct and indistinct drusen. Overall, eyes with drusen at baseline
were more likely to develop neovascular AMD.

The results of age- and multivariate-adjusted logistic regression
analyses of risk factors for the development of early and late AMD
are shown in Table 4. After adjusting for age, no associations were
found between these risk factors and incident early AMD; how-
ever, male gender, smoking habits, and higher WBC count were
significant risk factors for the development of late AMD. In
multivariate analysis, older age, smoking habits, and higher WBC
count were significantly associated with late AMD.

Discussion

To our knowledge, this is the first population-based cohort
study to investigate the long-term incidence and risk factors
for AMD in Japan. The findings showed that the overall,
9-year, cumulative incidence of early AMD was 10.0%, and
that of late AMD was 1.4%. Both incidences increased
with advancing age. Progression to late AMD was ap-
proximately 4.4% among persons with early AMD. On
multivariate analysis, smoking and higher circulating
WBC count were independently associated with the de-
velopment of late AMD.

Previously, several long-term, population-based studies
estimated the incidence of AMD. It is reported that the
10-year cumulative incidence of early AMD was 12.1% in
the Beaver Dam Eye Study in the United States” and 14.1%
in the Blue Mountains Eye Study in Australia,'’ both of
which focused on a white population. The Barbados Eye
Study of the predominantly black population of African
descent reported a 9-year incidence of early AMD of
12.6%.'¢ Even when accounting for the 1-year shorter
follow-up period, our 9-year incidence of early AMD
seemed to be somewhat lower than that reported in the
Beaver Dam Eye Study or the Blue Mountains Eye Study.
The 9-year incidence of early AMD we found (10.0%) was
also lower than that reported in the Barbados Eye Study
performed in a black population. Early AMD is less com-
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Table 3. Age-standardized 9-Year Incidences of Late Age-related Macular Degeneration (AMD) by Presence or Absence of Early
AMD at Baseline: The Hisayama Study, 1998-2007

Geographic Atrophy

Neovascular AMD Any Late AMD

Population at Age-standardize* Population at Age-standardized* Population at Age-standardized*

Risk Incidence, n (%) Risk Incidence, n (%) Risk Incidence, n (%)
Early AMD (—) 1,191 0(0.0) 1,191 12 (0.7) 1,191 12 (0.7)
Early AMD (+) 190 1(0.3) 190 10(3.9) 190 11(4.4)
Pigmentary abnormalities 69 1(1.7) 69 2(1.8) 69 3(2.2)
Soft distinct and indistinct drusen 121 0(0.0) 121 8(5.2) 121 8(5.2)

*The incidence was standardized for age with the World Health Organization standard population.

mon among the Japanese population than among white
people and black people in Western countries. This differ-
ence in the incidence of early AMD among these studies
could be due to the differences in study participants’ char-
acteristics (e.g., age and proportion of gender among stud-
ies), to dietary factors, to genetic factors, or perhaps to the
differences in methodology among these studies.

The incidence of late AMD we found (1.4%) was lower
than that reported in studies performed in white populations
(Beaver Dam Eye Study, 2.1%°; Blue Mountains Eye
Study, 3.7 %'") but was higher than that found in the
Barbados Eye Study (0.7%), which focused on a black
population.'® This suggests that late AMD is less common
among the Japanese compared with white people, and it is
more common among the Japanese compared with black
people. Some studies have reported racial differences in the
prevalence and incidence of AMD.'”'® The reason for
different incidences among different races is not clear.
However, the lower risk of occurrence of late AMD in black
population was previously postulated to reflect a protective
effect of melanin.'” Weiter et al*® have also reported that
increased ocular pigmentation (iris color and fundus pig-
mentation) tends to decrease the risk of developing AMD,
whereas Friedman et al'” speculated that white people are
genetically predisposed to have more severe maculopathy.

Racial difference in late AMD incidence among the cohort
studies including ours could be due to the differences in
ocular pigmentation, or perhaps to genetic factors.

In the current study, the 9-year incidence of neovascular
AMD was 1.4%, and that of geographic atrophy was 0.04%;
nearly all incident late AMD cases were neovascular AMD
(n = 22), and there was only 1 case of incident geographic
atrophy. In contrast, the Blue Mountains Eye Study has
reported that the 10-year incidence of neovascular AMD
was 2.2%, and that of geographic atrophy was 1.7%. The
incidence of geographic atrophy we found was much lower
than that reported in the Blue Mountains Eye Study. The
lower prevalence rates of geographic atrophy were also
observed in our previous study® and in another Japanese
population survey.?! The reason for this different incidence,
especially of geographic atrophy between Japanese and
white population, is not clear. It could be due to the differ-
ences in environmental exposure or genetic factors among
races.

The current study found that the incidence of early and
late AMD significantly increased with advancing age in
both genders. The etiology and pathogenesis of AMD are
largely unknown. The consistent association with increasing
age found in this study corroborated findings from many

Table 4. Age- and Multivariate-Adjusted Odds Ratios of Risk Factors for the Development of Early
and Late Age-related Macular Degeneration (AMD): The Hisayama Study, 1998-2007

Early AMD Late AMD
Age Adjusted Age Adjusted Multivariate Adjusted
Risk factor OR 95% CI OR 95% ClI OR 95% ClI
Age (per 1 year) 1.10%* 1.05-1.16
Gender (male) 0.92 0.63-1.33 2.97* 1.25-7.09 0.86 0.24-3.05
Hypertension 0.85 0.59-1.24 0.79 0.34-1.86
Diabetes 0.70 0.37-1.31 0.68 0.16-2.95
Dyslipidemia 0.92 0.65-1.31 1.32 0.56-3.08
Body mass index (per 1 kg/m?) 1.01 0.95-1.07 1.01 0.88-1.15
Smoking habits 1.07 0.73-1.55 4.59** 1.86-11.3 3.98%* 1.07-14.7
Alcohol intake 1.04 0.72-1.50 1.88 0.81-4.36
White blood cells (per 10°/mm’*) 1.03 0.91-1.16 1.52%* 1.19-1.95 1.38* 1.07-1.79

ClI, confidence interval; OR, odds ratio.

Multivariate adjustment was made for age, gender, smoking habit, and white blood cells.

*P<0.05; **P<0.01.
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other studies,”'!'® confirming the age-related nature of the
disease.

We found a significantly higher incidence of late AMD
in men than in women. We have already reported that early
and late AMD were more prevalent among men than
women in a cross-sectional study of Hisayama residents, '
A similar finding was also observed in another cross-
sectional study in Japan.?! In contrast, most studies conducted
in Western, white populations have shown a higher preva-
lence of late AMD in women.'!?? The reason for this
difference is precisely unknown, but smoking habits, which
are known to be a major risk factor for AMD,”?223 are
likely to contribute to a higher incidence of late AMD in
Japanese men, because the proportion of habitual smoking
is much higher for men than women in Japan.

The results of this study provide prospective evidence
that cigarette smoking increases the risk of developing late
AMD. Compared with those who never smoked, those who
had smoked in the past or were currently smoking had
approximately a 4.0 times higher risk of late AMD, after
adjusting for other potential risk factors. These findings are
consistent with other cross-sectional and cohort data, which
showed that cigarette smoking was related to the develop-
ment of late AMD.”?223 Smoking habits remain highly
prevalent among Japanese men (74.8% in our men), which
translates to a 73.8% of population-attributable fraction for
late AMD in our men that are attributable to their smoking
behavior. Because smoking is a well-recognized, modifiable
risk factor for AMD, smoking cessation is an important
public health measure to reduce the burden of AMD, par-
ticularly among Japanese men.

We found that a higher WBC count was associated with
incident late AMD, independent of age, gender, and smok-
ing status. A similar association was also observed in the
Blue Mountains Eye Study.” Several recent experimental
evidences suggest that the association between higher WBC
count and late AMD is plausible, including the role of
inflammatory mechanisms in subretinal neovasculariza-
tion?* and drusen development.?5 Chronic inflammatory
cells, including macrophage leukocytes, have been observed
in excised neovascular membranes from patients with late
AMD.? Ultrastructural stady on subretinal neovasculariza-
tion associated with late AMD suggested that activated
WBC are involved in the promotion of neovascular prolif-
eration and exudation from new vessels.”* These findings
provide important evidence of an essential link between
inflammation and late AMD development and suggest that
local inflammatory processes that have long been known to
be associated with subretinal neovascularization and drusen
development may be reflected in the systemic inflammatory
marker of higher WBC count.

This study has several limitations. First, losses to follow-
up, an issue inherent to all long-term cohort studies, could
have introduced selection bias, resulting in either an under-
estimation or overestimation of AMD incidence. Second,
the early AMD definition used in this study is less strict and
includes more early AMD cases than the definitions used by
the Beaver Dam'! and the Blue Mountains'* Eye Studies:
Drusen were defined as either indistinct or distinct drusen in
our study, whereas they were defined as indistinct soft
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drusen in the abovementioned studies. If this study used the
same early AMD definition used in other 2 studies, the early
AMD incidence could have been lower than the currently
reported 10%.

In conclusion, the results of this study suggest that early
and late AMD is less common among the Japanese com-
pared with white people in Western countries, although
late AMD is more common among the Japanese com-
pared with black people, and that older age, smoking
habits and higher WBC count are relevant risk factors for
late AMD in the Japanese. This finding provides impor-
tant epidemiologic evidence of an essential link between
inflammation and late AMD development, and also sup-
port the use of anti-inflammatory agents in the treatment
of late AMD.
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