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Abstract

Background: Although relationship between the retinal vessel caliber (RVC) and glaucoma is well known, there has
been a paucity of information on the effects of glaucoma-related optic nerve head (ONH) structural factors on the
RVC. Information on this relationship should be useful in studying possible roles of ocular circulation in the develop-
ment and progression of glaucoma.

Method: Subjects were from Kumejima Study participants aged 40 years and older in Kumejima, Japan. Normal
subjects and eyes were defined according to standardized systemic and ocular examinations. The central retinal artery
and vein equivalents (CRAE and CRVE) were determined on fundus photographs by correcting the magnification
using the refractive error, corneal curvature, and axial length (AL) of an individual eye and paraxial ray tracing; the
ONH structural parameters were determined by planimetry.

Results: In a total of 558 right eyes (558 normal subjects), aged 49.0+ 7.1 (standard deviation) years with gradable
photographs and planimetric results, CRAE averaged 136.1+ 12.3 um and CRVE 216.9+ 17.4 um. After adjustment for
the effects of confounding factors in multivariate analysis, the AL (P<0.001), rim area (P=0.019), disc area (P=0.042),
and smoking (P=0.035-0.043) correlated positively, and the mean blood pressure (P<0.001) negatively with CRAE;
the AL (P<0.001), rim area (P=0.001), disc area (P=0.005), smoking (P<0.001), and male sex (P=0.013) correlated
positively, and the B-peripapillary atrophy (3-PPA) area (P=0.044), vertical Cup/Disc ratio (v-C/D) (P=0.035), and age
(P<0.001) negatively with CRVE.

Conclusion: The current study showed significant effects of rim area, v-C/D or 3-PPA area determined on the pho-
tographs on the RVC measurement results. Further, it showed a necessity to incorporate the glaucoma-related ONH
structural parameters as co-variables to correctly estimate the effects of various factors on the RVC.

Keywords: Central Retinal Artery Equivalent (CRAE), Central retinal vein equivalent (CRVE), Optic Nerve Head-Related
Structures, Fundus Photographs

Background

Retinal vessel caliber (RVC) is a simple and clinical use-
ful index reflexing cardiovascular disorders and a vari-
ety of demographic and life-style factors and systemic
medical conditions [1-3]. The RVC also is affected by
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association of decreased RVCs and glaucoma [8-10],
and a prospective population-based study showed that
decreased RVCs at baseline were associated with inci-
dent primary open-angle glaucoma [11].

The classic hallmarks of glaucoma, which are still
relied on during screening in the community, are
a reduced optic nerve head (ONH) rim area and
increased vertical cup/disc ratio (v-C/D) [12]. Since
evidence has suggested an association between vas-
cular risk factors and development and progression
of glaucoma [13], and RVCs reflect various circula-
tory parameters in vivo [1-3], an association between
the RVC changes and the ONH rim area or v-C/D, if it
exists, would be of clinical interest, not only to study
relationship between glaucoma and vascular factors,
but also to upgrade estimation of the effects of various
systemic factors on the RVC measurement results [1-3]
by correcting it effects. Previous studies have reported
an association between the RVC changes and the rim
area, cup area, v-C/D, and optical coherence tomog-
raphy (OCT)-measured average retinal nerve fiber
layer thickness (RNFLT) in children without glaucoma
[14-16] and with the average RNFLT measured using
the Heidelberg retina tomography (HRT) [17] or OCT
[10] in adult subjects without glaucoma. However, an
association between the RVC changes and the rim area,
v-C/D, or other ocular parameters related to glaucoma,
such as p-peripapillary atrophy (B-PPA) [18-20] that
could be measured on the same photographs has not
been studied in an adult population that is more likely
to undergo screening for systemic and ocular disorders.

For accurate measurements of the RVCs in individ-
ual eyes, it is essential to correct the magnification of
the image captured by the fundus camera on an indi-
vidual basis and meet the following two requirements:
the magnification must be corrected individually when
the proper focus is achieved using the entire subject
eye-fundus camera optical system and the RVCs must
always be measured in an area at the same distance
(absolute distance) from a fundus benchmark. We
recently developed a new semiautomatic method that
satisfies these two requirements in which the magnifi-
cation corrections in all subjects’ eyes were individually
done when the focusing condition in the combined sub-
ject eye-fundus camera optical system was fulfilled and
the annular measurement zone was located at the same
predetermined absolute distance from the disc center
[21]. The purpose of the current study is to study the
effects of the v-C/D, rim area, p-PPA area, and other
ocular factors on the RVC measured on the same pho-
tographs in otherwise normal eyes of adult Japanese
subjects after adjustment for other confounding effects.
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Methods

Study population

The Kumejima Study was a population-based cross-
sectional eye disease survey targeting all residents
aged 40 years or older in Kumejima Island in Okinawa
(Ryukyu) Prefecture, Japan [22, 23]. The study adhered to
the tenets of the Declaration of Helsinki and the munici-
pal law of Kumejima Town for protecting private infor-
mation, and the study protocol was approved by the
ethics board of the regional council and the ethics com-
mittee of Kumejima Town. Written informed consent
was provided by the all participants before being enrolled
in the study.

Study subjects

Experienced ophthalmologists and examiners conducted
the screening examinations, which consisted of a struc-
tured interview; and measurements of body weight,
height, and systemic blood pressure; and ocular exami-
nations. The ophthalmic examinations included meas-
urements of the uncorrected and best-corrected visual
acuity (VA), refraction, intraocular pressure (IOP) using
a Goldmann applanation tonometer, central corneal
thickness (CCT) by specular microscopy (SP-2000, Top-
con), and anterior chamber depth (ACD) and axial length
(AL) using the IOLMaster (Carl Zeiss Meditec, Dublin,
CA), and slit-lamp examination, gonioscopy, ophthal-
moscopy, fundus photography, and visual field (VF)
testing. One experienced technician obtained a pair of
sequential stereoscopic ONH photographs at a parallax
of about 8 degrees (30-degree angle of view) and non-ste-
reoscopic fundus photographs (45-degree angle of view)
using a digital non-mydriatic fundus camera (TRC-NW?7,
Topcon, Tokyo, Japan) in both eyes of the subjects. The
VF was examined using frequency doubling technol-
ogy perimetry with the C-20-1 test program (Carl Zeiss
Meditec).

Participants were referred for a definitive examination
if they were suspected of having ocular abnormalities
including glaucoma after meeting one or more of the fol-
lowing criteria: a corrected VA <20/30, IOP >19 mmHg,
v-C/D> 0.6, superior or inferior (11-1 or 5-7 o'clock
hours) rim width/disc diameter <0.2, bilateral asymme-
try of the v-C/D>0.2, a nerve fiber layer defect or disc
hemorrhage, abnormal findings on the slit-lamp exami-
nation or fundus photographs, angle width of grade <2
(van Herick method), and at least one abnormal test
point (P<0.05) in the C-20-1 test results. The definitive
examination included detailed slit-lamp, gonioscopy, and
fundus examinations and VF testing with the Humphrey
Field Analyzer 24-2 Swedish Interactive Thresholding
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Algorithm Standard program (Carl Zeiss Meditec). The
diagnoses of glaucoma were based on the clinical records
obtained during all examinations and the International
Society of Geographic and Epidemiologic Ophthalmol-
ogy Criteria [12].

Measurement of RVC

The details of the current method of RVC measurement
were described previously [21]. The optical properties of
the digital non-mydriatic fundus camera (TRC-NW?7)
used are available from the manufacturer. An approxi-
mate optical model of each subject’s eye was constructed
and the refractive error, corneal curvature, and AL were
applied to a Gullstrand’s schematic eye [24], and the posi-
tions of the focusing lenses in the fundus camera optical
system were adjusted according to the refractive error of
each subject’s eye. The magnification correction factor
was calculated based on this final condition [21]. Eyes
with an intraocular lens were excluded because the para-
metric values of the Gullstrand’s schematic eye for such
eyes have not been established.

A binary image was obtained from the fundus pho-
tograph (supplemental Figs. 1A and 1B) and an island-
like area was defined as a potential optic disc location.
Next, its margin automatically was determined by 8
equidistant points located on the outline of the poten-
tial and spline curve. This potential disc margin dis-
played on a computer display was superimposed on the
original fundus photograph and an examiner manually
corrected it, if needed, by moving the 8 points. After
applying the optical magnification correction deter-
mined as above, the analysis zone was set as an annular
area with an absolute diameter from 1.8 to 2.7 mm (1
to 1.5 times the average Japanese disc diameter [25]),
centered on the geometrical disc center automatically
determined as the benchmark. Thus, the analysis zone
should be at a constant distance from the bench mark,
that is, the geometrical disc center, regardless of the
disc size or optical magnification of the photograph,
and superimposed also on the original fundus photo-
graph (supplemental Fig. 1C). A binary image where
blood vessels are white was constructed by means of
the binarizing process, which recognized the second
derivative of the edge of a vessel. By means of the thin-
ning processing, blood vessels having a length shorter
than 10 pixels (corresponding to <0.1 mm) were elimi-
nated [26] (supplemental Fig. 1D). Further, those with
branching parts detected within the analysis zone were
eliminated and excluded from further analysis [26]. The
width of the vessel area was measured perpendicular to
the direction of the vessel, and average width of the ves-
sel was calculated by averaging widths measured along
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the vessel within the analysis zone. All of the vessels
within the analysis zone were measured, and those with
magnification-corrected calibers smaller than 60 pm
excluded. Arterioles and venules were identified by
defining characteristics such as existence and intensity
of blood column reflection, hue and clarity, and CRAE
and CRVE were calculated using the six biggest arte-
rioles and venules according to the revised formula of
Knudtson et al. [21] (supplemental Fig. 1E). Details of
this method (Automated Vasculature Analysis by Top-
con, AVANT) was reported previously [21].

The intra-examiner and inter-examiner intra-class cor-
relation coefficients for the CRAE and CRVE measure-
ments of the current study were greater than 0.978 [21].
The new method yielded CRAEs and CRVEs that agreed
well with the Interactive Vessel Analysis [26] in eyes with
ALs of about 24 mm, while the current method yielded
smaller values in eyes with shorter ALs and vice versa
[21]. This new method should yield more accurate meas-
urement results for Asian populations in which the prev-
alence of myopia or eyes with long ALs is high [27].

Planimetry of fundus photographs

The details of the current planimetric method and the
reproducibilities of its measurement results have been
reported elsewhere [28, 29]. All stereo photographs
obtained when the plain fundus photographs used for
RVC measurements were taken were re-evaluated by an
experienced investigator (T.T.). While stereoscopically
viewing the photograph, the inner boundary of the peri-
papillary scleral ring (clinical disc margin), the cup con-
tour was determined as previously reported [28, 29] and
the disc center was determined as the geometrical center
of the disc area. The B-PPA area characterized by visible
sclera and large choroidal vessels owing to the absence
of retinal pigment epithelium was also determined as a
closed curve by placing a number of points placed on the
outer boundary of the B-PPA area and that of the clini-
cal disc margin. After correcting for magnification by
the corneal curvature, AL, and refractive error, the disc
center-fovea distance, disc area, rim area, cup area, v-C/
D, and -PPA area were calculated.

Data analysis

Multiple regression analysis was adopted where the
dependent variable was CRAE or CRVE and explana-
tory variables were age, sex, body mass index (BMI),
mean blood pressure, presence or absence of diabetes
mellitus, family history of glaucoma, smoking, AL, IOP,
disc center-fovea distance, disc area, rim area, cup area,
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v-C/D, and B-PPA area. JMP® Pro 13 (SAS Institute Inc.,
Cary, NC) was used for the calculations. P <0.05 was con-
sidered statistically significant.

Results

In the Kumejima Study, reliable results of fundus plani-
metry were obtained from one eye of 280 and both
eyes of 2,194 subjects, after excluding eyes with any
systemic and/or ocular abnormalities, those with pseu-
dophakia, aphakia, high myopia (spherical equivalent
refraction < -8 diopters and/or AL>26.5 mm) or high
hyperopia (spherical equivalent refraction> 45D and/
or AL<21.0 mm), and apparently normal fellow eyes
of those with glaucoma or suspected glaucoma. Since
the right eye was photographed first, the photographs
of the right eyes were adopted. In the current study,
the fundus photographs with a 45-degree visual angle
were centered on the midpoint between the fovea and
disc center, and, thus, the image quality of the nasal
portion of an annular analysis area was not sufficiently
satisfactory in a significant number of eyes. After fur-
ther excluding these eyes, 558 normal right eyes of
558 normal subjects were used for RVC measurements
(Table 1).

In a separate group of 30 eyes of 30 normal Kume-
jima Study participants, two investigators (A.L and
M.A.) independently evaluated disc, rim, cup areas,
v-C/D and B-PPA area using the current planimet-
ric method. Intra-examiner intra-class correlation
coefficients were 0.964 (95% confidence interval:
0.912-0.985) for A.L and 0.984 (0.961-0.994) for
M.A., and inter-examiner intra-class correlation
coefficient was 0.992 (0.079-0.997), respectively for
disc area. Corresponding figures were 0.789 (0.547-
0.910), 0.876 (0.717-0.948) and 0.886 (0.786-0.953),
respectively, for rim area, 0.816 (0.599-0.912), 0.883
(0.732-0.952) and 0.846 (0.652-0.936), respectively
for cup area, and 0.771 (0.421-909), 0.719 (0.423-
0.878) and 0.729 (0.432-883), respectively, for v-C/D
and 0.946 (0.840-0.983), 0.864 (0.639-954), and
0.883 (0.644-965), respectively for 5-PPA area.

The average CRAE was 136.14+12.3 (standard
deviation, n=558) microns, the average CRVE was
216.9+17.4 microns, and the arteriolar-to-venular
caliber ratio was 0.630+0.060. The results of sim-
ple regression analysis treating CRAE or CRVE as a
response parameter and factors listed in Table 1 as
an explanatory variable are shown in Supplemental
Tables 1A and 1B. Among the explanatory variables,
high inter-correlations were seen between the disc
area and rim area, between the disc area and cup area,
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Table 1 Subject Characteristics
No. right eyes (subjects) 558(558)
Male/female 258/300
Age (years) 490+7.1
Height (cm) 1584484
Body weight (kg) 621114
Body mass index 247435
Systolic blood pressure (mmHg) 1274+£19.1
Diastolic blood pressure (mmHg) 7534111
Mean blood pressure (mmHg) 9274127
Mean ocular perfusion pressure (mmHg) 469+83
Family history of glaucoma (+) 63 of 558
Diabetic mellitus (+) 21 of 558
Smoking (+) 230 of 558
Central cornea thickness (um) 515433
Intraocular pressure (mmHg) 149426
Axial length (mm) 236408
Spherical equivalent refraction (diopters) -045+1.44
Optic disc size (mm?) 2534049
Cup area (mm?) 0854038
Neuroretinal rim area (mm?) 1.684+0.28
B-peripapillary atrophy (mm?) 0.17 (0.00,0.42)*
Vertical cup/disc ratio 0.5440.09
Disc center-fovea distance (mm) 4.79+0.29
Central retinal artery equivalent (um) 136.1+£123
Central retinal vein equivalent (um) 21694174
Arteriolar-to-venular caliber ratio 0.630+0.060

Figures are mean =+ standard deviation. *: Median (quartile)

between the cup area and v-C/D and between sex and
smoking (Pearson’s correlation coefficient, 0.635, 825
and 0.817 and polychoric correlation coefficient, 0.729).
Therefore, the effects of the rim area and cup area,
those of the disc area and v-C/D, that of sex and that of
smoking were separately included in the analysis.

After adjusting for the confounding effects of
other factors, the AL (P<0.001), rim area (P=0.020)
and disc area (P=0.042 when sex, but not smok-
ing, was included as an explanatory variable) signifi-
cantly positively correlated with the CRAE. Among
the systemic factors, mean blood pressure (P<0.001)
significantly negatively and smoking significantly posi-
tively (P=0.0353-0.0429) correlated with the CRAE
(Tables 2, 3).

The AL (P<0.001), rim area (P=0.001), and disc area
(P=0.005) and the B-PPA area (P=0.044 when sex, but
not smoking, was included as an explanatory variable)
significantly positively, and v-C/D (P=0.0349) signifi-
cantly negatively correlated with the CRVE. Among the
systemic factors, age (P<0.001) significantly negatively
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Table 2 Effects on central retinal artery equivalent. results of
multiple regression analysis including rim area and cup area as
explanatory variables
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Table 4 effects on central retinal vein equivalent. results of
multiple regression analysis including rim area and cup area as
explanatory variables

Factors Partial Standard Error P Value Factors Partial Standard Error PValue
Regression Regression
Coefficient Coefficient
Age (years) -0.128* 0.075% 0.0862*  Age (years) -0.355 0.097 0.0003
Mean blood pressure -0.180 0.043 <0.0001 Body mass index 0.38 0.20 0.0567
(mmHag) Smoking (+) 3.53 067 <0.0001
Smoking (+) 1.090 0052 00353 axiallength (mm) 837 083 <0.0001
Axial length (mm) 3.97 0.64 <0.0001 Rim area (mm?) 789 241 0.0011
Rim area (mm?) 435 1.85 00188 pppaarea(mm?)  -332 176 0.0604
Cup area (mm?) -0.59 133 06538 pale gender 183* 071 00106
Results of multiple regression analysis including smoking, but not sex, as a Cup area (mm?) -0.10 1.73 0.9525

systemic explanatory variable are shown. Factors with P values <0.010 except
for cup area are shown. Results obtained for mean blood pressure, smoking axial
length and rim area were essentially the same as when sex, but not smoking,
was included as an explanatory variable. *: sex, but not smoking, was included
as an explanatory variable. When smoking, but not sex, was included as an
explanatory variable, P value was 0.1194

Table 3 Effects on central retinal artery equivalent. results of
multiple regression analysis including disc area and vertical cup-
to-disc ratio as explanatory variables

Factors Partial Standard Error P Value
Regression
Coefficient
Age (years) -0.130* 0.075* 0.0832*
Mean blood pressure -0.178 0.043 <0.0001
(mmHg)
Smoking (+) 1.05 0.52 0.0429
Axial length (mm) 3.88 0.63 <0.0001
Disc area (mm?) 2.20 1.20 0.0667
245% 1.20% 0.0421*
v-C/D -11.3 6.5 0.0822

Results of multiple regression analysis including smoking, but not sex, as a
systemic explanatory variable are shown. Factors with P values <0.010 are
shown. Results obtained for mean blood pressure, smoking, axial length and
v-C/D were essentially the same as when sex, but not smoking, was included as
an explanatory variable. *: sex, but not smoking, was included as an explanatory
variable. For age, P values was 0.1121, when smoking, but not sex, was included
as an explanatory variable. V-C/D = vertical cup-to-disc ratio

and smoking (P<0.001) significantly positively corre-
lated with the CRVE. The male sex (P=0.0110-0.0128)
significantly positively correlated with marginal signifi-
cance with the CRVE Tables 4, 5.

Discussion

The RVC reflects the vascular structural conditions
depending on multiple systemic and local pathophysi-
ologic factors [1-3]. Those affecting the retinal arteri-
olar caliber, i.e., CRAE, or the retinal venular caliber, i.e.,
CRVE, are not the same [1]. In the current normal eyes of
Japanese adults (mean age, 49 years), decreased disc and

Results of multiple regression analysis including smoking, but not sex, as

a systemic explanatory variable are shown. Factors with P values <0.010
except for cup area are shown. Results obtained for the factors except for sex
were essentially the same as when sex, but not smoking, was included as an
explanatory variable. *: sex, but not smoking, was included as an explanatory
variable. 3-PPA = B-peripapillary atrophy

Table 5 Effects on Central Retinal Vein Equivalent. Results of
Multiple Regression Analysis Including Disc Area and Vertical
Cup-to-Disc Ratio as Explanatory Variables

Factors Partial Standard Error PValue
Regression
Coefficient
Age (years) -0.359 0.097 0.0002
Smoking (+) 347 0.68 <0.0001
Axial length (mm) 8.23 0.83 <0.0001
Disc area (mm?) 440 1.56 0.0050
v-C/D -17.84 447 0.0349
B-PPA area (mm?)  -3.58 177 0.0437
Male sex 1.78* 0.71* 0.0128*

Results of multiple regression analysis including smoking, but not sex, as a
systemic explanatory variable are shown. Factors with P values <0.010 are
shown. Results obtained for the factors except for sex were essentially the
same as when sex, but not smoking, was included as an explanatory variable.
*: sex, but not smoking, was included as an explanatory variable. For age,
v-C/D = vertical cup-to-disc ratio; B-PPA = 3-peripapillary

rim area and greater v-C/D were associated significantly
with decreased CRAE and CRVE measurement results,
and greater B-PPA area with decreased CRVE measure-
ment results, after adjusting for other confounding fac-
tors’ effects. The correlation between age, blood pressure,
smoking, BMI, sex or disc area with CRAE or CRVE
measurement results currently found agreed with many
previous studies performed in adult subjects or children
1,2, 14, 16, 30].

Reduced CRAE was associated with incident POAG in
a 10-year prospective follow-up [11], while reduced rim
area and greater v-C/D were associated with reduced
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CRAE in the current normal adults. Thus, it may be
tempting to assume that the current normal subjects
with a relatively smaller rim area and greater v-C/D with
reduced CRAE or CRVE might be associated with early
vascular dysfunction [13] and that they are relatively more
vulnerable to glaucomatous insults; such eyes encoun-
tered during community screening need closer future
monitoring. This current finding is comparable to the sig-
nificant positive correlation between CRAE or CRVE and
OCT- or HRT-measured average RNFL thickness in eyes
of subjects without glaucoma with a mean age of 54 to
57 years [17, 31]. However, a positive correlation between
the CRAE or CRVE and rim area or average RNFL thick-
ness and a negative correlation between the CRVE and
v-C/D, also were seen in children without ocular and sys-
temic diseases [14—16], which may suggest that the corre-
lation of the RVCs with rim area or v-C/D currently found
in normal adults may be partly explained by anatomic and
physiologic relationships between nutritional support and
relevant tissue area, or that a reduced rim area or greater
v-C/D indicates a less crowded disc causing less vascular
compression at the level of the ONH.

A large B-PPA area is associated with greater glauco-
matous damage and progression [18-20], and [B-PPA
may be partly related to an IOP-independent damag-
ing mechanism of POAG in Japanese [32]. The current
study reported possible association of a larger 3-PPA area
and decreased CRVE in apparently normal adults after
adjustment for other confounding factors’ effects. Dis-
tinct genetic factors are associated with the CRAE and
CRVE [33] and there is less understanding of the CRVE
pathophysiology [1]. Previous studies have reported that
an association between systemic inflammation or obe-
sity was evident with CRVE more than with CRAE [1].
Although complete exclusion of the speculation that
B-PPA and decreased CRVE reflected subclinical circula-
tory dysfunction is difficult, there may be another possi-
bility. Since retinal veins are thought to be mechanically
less resistant than retinal arteries (Roggendorf & Cervos-
Navarro. 1977), vascular compression at the level of the
ONH, if present, would affect the CRVE more than the
CRAE as suggested by a negative correlation between
v-C/D and CRVE in healthy children [15]. A larger B-PPA
may be related to structural changes at the ONH and less
compression at that level. This effect on the CRVE, if it
existed, however, is thought be corrected by a significant
negative correlation between the CRVE and v-C/D found
in the current analysis.

In the current subjects, a longer AL was associated
with increased CRAE and CRVE. It may be difficult
to speculate about the underlying mechanisms of this
result, which did not agree with the result obtained
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previously [34]. The AL should have the strongest effect
on the magnification of the fundus image [24], and the
current method should have improved the correction
of the effect of AL on the magnification by the original
Littmann’s method [24] by incorporating the AL of the
individual eyes and adopting the ray-tracing method
[21]. It is possible to re-calculate the RVCs of the cur-
rent subject eyes without using individually measured
AL but rather by assuming the mean AL of the study
population of 23.6 mm (Table 1) as in the previous
method [26]. The calculated CRAEs and CRVEs were
negatively correlated with the AL (=-3.0 mp/mm of
AL), which agreed with the previous study [34]. There
is a possibility that the current method [21] over-cor-
rected the effect of AL on the magnification. The optical
system of Topcon fundus camera currently used is not
exactly same to that of Zeiss fundus camera. Based on
detailed information on the optical system of the Top-
con fundus camera currently used [21] and AL, refrac-
tive error and corneal curvature of each subject eye, it is
possible to calculate the magnification correction factor
using the original Littmann method [24] (Supplemental
tables 2A-2D). The obtained results using magnification
correction of Littmann method were similar to those
obtained using the method currently used [21], and
measured CRAE and CRVE still showed significant pos-
itive correlation with AL (Supplemental tables 2A-2D).
Thus, it seems unlikely that a significant positive cor-
relation between AL and measured CRAE and CRVE
currently obtained reflected an artefact in the method
of magnification correction currently used. Recently,
Wen et al. [35] studied the effects of AL on the super-
ficial vessel density determined using optical coherence
tomographs angiography using magnification correc-
tion of Littmann method [24] based on AL, refractive
error and corneal curvature of a subject eye. They found
that the vessel density was lower with a longer AL in
the parafoveal region, which was suggested to be attrib-
utable to stretching of inner retina associated with a
longer AL [35]. If the inner retina is stretched, a retinal
arteriole or venule may be also stretched and its meas-
ured calibers be changed without significantly affecting
its cross-sectional area. Since CRAE or CRVE is calcu-
lated based on the measured calibers of 6 representative
retinal arterioles or venules, respectively, a larger CRAE
or CRVE measurement results with a longer AL may
not necessarily indicate increased cross-sectional area
of CRAE or CRVE with a longer AL. Rather, the posi-
tive correlation of the measured CRAE and CRVE with
AL currently found is thought to indicate the necessity
to correct this apparent effect of AL in analyzing the
effects of various systemic or ocular factors on the opti-
cally determined CRAE and CRVE.
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The current study had limitations. The current sub-
jects represented only 27% of ophthalmologically
normal subjects of the Kumejima study for which reli-
able fundus photographs used to determine CRAE and
CRVE were obtained, and, thus, the current results may
not be directly applicable to the general population of
Kumejima. If we compare the current subjects to nor-
mal participants of the Kumejima Study [29], most of
the parametric values were very similar, but the mean
age was younger (48.9 vs. 56.8 years), the mean blood
pressure lower (93.9 vs. 98.9 mmHg), and the B-PPA
area smaller (0.30 vs. 0.47 mm?) in the current sub-
jects. This small difference is thought to be corrected
by incorporating these parameters as explanatory vari-
ables. Although the mean values of CRAE and CRVE
of the current subjects may not be exactly the same to
those of the whole normal participants of the Kume-
jima Study, as far as the results obtained for the effects
of various ocular factors on the CRAE and CRVE were
concerned, the obtained results were thought to be
less affected by selection bias. The current B-PPAs
were determined photographically and, thus, probably
included a y-zone free of Bruch’s membrane [36]. The
characteristics of the -PPAs might have been evaluated
better by spectral-domain OCT, which was unavailable
at the time when the Kumejima Study was designed.
However, in routine clinical practice, the correlation
between the RVCs and the B-PPA size determined pho-
tographically, which is still widely used, would be of
practical and clinical use for physicians. It seems rather
exceptional to adopt OCT-based B-PPA in routine clini-
cal practice.

The RVC measurement is a simple non-invasive
method to assess circulatory status in the ocular fun-
dus in vivo and has been used widely to assess systemic,
environmental, genetic, and ocular risk factors. The cur-
rent study confirmed that the RVCs measured on fun-
dus photographs were affected by previously reported
factors such as age, blood pressure or smoking and disc
area also in the Kumejima Study participants. The sig-
nificant contribution of the rim area, v-C/D, and p-PPA
which are readily available from fundus photographs
used to determine the RVCs on the CRAE and/or CRVE
measurement results in normal adult eyes was first
documented in the current study. Further, the current
study first suggested that importance of incorporat-
ing AL of an individual eye in correctly estimating the
effects of any of the target systemic or ocular factors on
the CRAE or CRVE measured on fundus photographs
or to compare CRAE or CRVE measurement results
inter-individually.
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Conclusions

The current study found that in addition to previously
reported systemic factors such as smoking or blood pres-
sure, rim area, v-C/D or -PPA area showed significant
effects on the RVC measurement results. Further, it was
thought that these glaucoma-related ONH structural
parameters and axial length were needed to be included
as co-variables to correctly estimate the effects of various
systemic and ocular factors on the RVC.
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