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Abstract

The clinical course of age-related macular degeneration (AMD) is related to choroidal condi-
tions, and can be determined by the evaluation of the central choroidal thickness (CCT).
The aim of this study was to determine the association between the axial length (AL) and
choroidal thickness in AMD by measuring these parameters in patients with and without
AMD. Seventy eyes of 70 patients (34 men and 36 women; age, 64—88 years; mean age,
77.0 £ 6.5 years) who underwent cataract surgery from February 2015 to March 2020 at the
Department of Ophthalmology, Keio University School of Medicine were retrospectively
analyzed. The AMD group (29 patients, 29 eyes) included eyes with early AMD, whereas
the control group (41 patients, 41 eyes) included those without ocular diseases other than
cataract. Optical coherence tomography images were used to measure the CCT and the
choroidal vessel diameter (CVD). The IOL Master was used to measure the AL. The results
revealed that mean CCT was greater in the AMD group (238.3 £ 108.3 um) compared with
the age-matched control group (187.2 £ 66.8 um) (p = 0.03). The CCT was negatively corre-
lated with AL in the overall sample (r=-0.42, p = 0.001), the AMD group (r=-0.42, p = 0.02),
and the control group (r = -0.42, p = 0.006). Note that all eyes with CCT > 350 um were
included in the AMD group. CCT and CVD were positively correlated in the overall sample (r
=0.76, p <0.001) as well as in the individual groups (AMD: r = 0.82, p < 0.001; control: r=
0.76, p = 0.004). Given that CCT is an important parameter for predicting the prognosis of
subfoveal diseases, routine evaluation of AL may be valuable for a better understanding of
the pathogenesis of AMD.

Introduction

Due to recent progress in medical science, anti-vascular endothelial growth factor (anti-
VEGF) therapy has been developed for the treatment of age-related macular degeneration
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(AMD). However, AMD is still one of the major causes of blindness in the elderly people,
worldwide [1]. In AMD, the lesion spreads from the choroid to the retina, and the choroidal
condition may affect the prognosis [2]. Therefore, choroidal research has been attracting atten-
tion in the field [2-6]. However, determinants of choroidal condition (such as the thickness),
in elderly patients who may be affected with AMD in particular, are not fully understood.

The choroid is a highly vascularized tissue located between the retinal pigment epithelium
and sclera. The choroidal vascular system is divided into three layers: choriocapillaris, Sattler’s
layer, and Haller’s layer. While the retinal vessels are mainly regulated by the oxygen levels in
the body, choroidal vessel dilation are largely related to the neurogenic balance between sym-
pathetic and parasympathetic tensions [7, 8]; this mechanism could be related to the daily vari-
ations in the central choroidal thickness (CCT) that is approximately 12 um [9].

On the other hand, due to the differences in the clinical features, according to the choroidal
thickness, among patients who are diagnosed with AMD, the concept of pachychoroid disease
spectrum has currently become a topic of interest [4-6]. The term pachychoroid is used to
describe abnormal choroidal thickening and/or dilation of the choroidal vessels, and is
assumed to be related to choroidal congestion and hyperpermeability. The pachychoroid dis-
ease spectrum includes central serous chorioretinopathy, pachychoroid pigment epitheliopa-
thy, pachychoroid neovasculopathy, and polypoidal choroidal vasculopathy (PCV) [6]. These
diseases generally occur in elderly patients [2, 10-13]. We have previously reported that the
prognosis of one subtype of AMD, PCV, varies according to the pretreatment CCT [2]. More-
over, while CCT is significantly reduced by anti-VEGF therapy, the CCT after the remission of
exudative changes from the choroidal lesion ranges approximately from 120 to 220 pm, and
differs according to individual patients [2]. Thus, more relevant factors other than the neuro-
genic factors or VEGF-related mechanism are probably involved in determining CCT in the
absence of disease activity.

A rare disease with severe thickening of the choroid, uveal effusion, generally occurs in the
eyes with super short axial length (AL) [14]. In contrast, the eyes with high myopia with longer
AL have thinner CCT [15]. In addition, the CCT is reported to change and decrease with age
[16]. Taken together, the information regarding the relationship between CCT and AL among
the elderly people would be of value in understanding AMD pathogenesis.

The aim of the present study was to determine the association between AL and CCT in
elderly patients with or without early AMD which had no disease activity. The findings will
help understand the determinants of CCT in elderly people and how it is related to the patho-
genesis of AMD.

Materials and methods
Patients

In this retrospective study, we reviewed the preoperative ophthalmological data for 70 eyes (70
patients; 34 men, 36 women) subjected to cataract surgery between February 2015 and March
2020 at the Medical Retina Division Clinic, Department of Ophthalmology, Keio University
Hospital. The study protocol adhered to the tenets of the Declaration of Helsinki and was
approved by the Keio University School of Medicine Ethics Committee (Approval number
20100002). In this approval, the ethics committee waived the requirement for written
informed consent.

Inclusion and exclusion criteria

Patients with early AMD (29 patients, 29 eyes) were included in an AMD group, whereas those
without ocular diseases other than cataract were included in a control group (41 patients, 41
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eyes). The exclusion criteria were as follows: history of exudative changes due to AMD, glau-
coma, epiretinal membrane, panretinal photocoagulation, and high myopia (AL > 26.5 mm).

Eye examinations

All patients underwent complete preoperative ocular examinations, including measurement of
the best-corrected visual acuity using a Landolt C chart, fundus biomicroscopy, fundus pho-
tography, and spectral domain optical coherence tomography (OCT; Heidelberg Spectralis
OCT, Dossenheim, Germany). The central retinal thickness (CRT) was defined as the distance
between the inner retinal surface and the inner border of the retinal pigment epithelium, and
it was measured using the built-in scale of the OCT system. CCT was defined as the distance
between the retinal pigment epithelium and the choroid-sclera boundary, and it was measured
using the Enhanced Depth Imaging mode of the OCT system. The vertical diameter of the
thickest outer choroidal vessel in Haller’s layer that was within 1000 pm from the fovea was
defined as the choroidal vessel diameter (CVD). All measurements were recorded by referring
to the scale bars in the OCT system.

Statistical analyses

All data are expressed as mean + standard deviation. Pearson’s correlation analysis and the
Mann-Whitney U-test were performed using IBM SPSS Statistics for Windows, version 25.0
(IBM Corp., Armonk, N.Y., USA). A p-value of <0.05 was considered statistically significant.

Results

The patients were aged from 64 to 88 years, with a mean age of 77.0 £ 6.5 years. The mean AL
and CCT values were 23.8 + 1.1 mm and 208.4 £ 90.1 pm, respectively (Table 1). Of these
patients, 29 eyes of 29 patients had early AMD and were included in the AMD group (mean
age, 78.4 * 6.8 years), while 41 eyes of 41 patients had cataract only and were included in the
control group (mean age, 75.9 + 6.2 years; Table 1). There were no differences in the age and
gender between the groups.

The mean CCT was significantly greater in the AMD group (238.3 + 108.3 pm) compared
with the control group (187.2 + 66.8 um) (p = 0.03, Table 1), and mean CVD had a similar
trend (AMD vs control, 124.1 + 71.8 um vs 96.5 + 41.3 um; p = 0.07, Table 1). There were no
differences in the mean AL (p = 0.45, Table 1) and CRT (p = 0.75, Table 1).

Table 1. Characteristics of the patients.

Total AMD Control p value
n=29 n=41
Age (range) 77.0 + 6.5 (64-88) 78.4 + 6.8 (64-88) 75.9 + 6.2 (67-88) 0.13
Gender (male [%]) 34 [0.54] 16 [0.55] 18 [0.44] 0.34
Axial length (mm) 23.8+1.1 23.7+0.9 239+1.2 0.45
CRT (um) 223.1 +36.6 221.2+£49.5 2245+234 0.75
CCT (um) 208.4 +90.1 238.3 £ 108.3 187.2 + 66.8 0.03*
CVD (um) 107.9+57.6 124.1+£71.8 96.5+41.3 0.07

Data are shown in mean =+ standard deviation. Mann-Whitney U-test. AMD, age-related macular degeneration; CRT, central retinal thickness; CCT, central choroidal
thickness; CVD, choroidal vessel diameter.
*p<0.05.

https://doi.org/10.1371/journal.pone.0240357.t001
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Fig 1. Correlations between CCT and AL. Pearson’s correlation analysis. CCT was negatively correlated with AL in
the overall sample as well as in the AMD and control groups. CCT, central choroidal thickness; AL, axial length; AMD,
age-related macular degeneration. p < 0.05.

https://doi.org/10.1371/journal.pone.0240357.9001

Next, we evaluated the correlations between CCT and AL. In the overall sample, CCT was
negatively correlated with AL (r = -0.40, p = 0.001; Fig 1). Negative correlations between CCT
and AL were also observed in the AMD group (r = -0.42, p = 0.02; Fig 1) and the control group
(r=-0.42, p = 0.006; Fig 1). Note that all the eyes with CCT >350 pm were included in the
AMD group (Fig 1).

Also, CCT and CVD were positively correlated in the overall sample (r = 0.82, p < 0.001) as
well as the AMD (r = 0.59, p < 0.001) and control (r = 0.76, p = 0.004) groups (Fig 2).

Mean AL was longer in men (24.1 + 0.97 mm) compared with women (23.5 + 1.1 mm,

p = 0.03; S1 Table), while mean CCT tended to be thinner in men (187.2 + 87.5 um) compared
with women (228.4 + 87.8 um) (p = 0.06; S1 Table). The correlation between CCT and AL was
also observed both among men (r = -0.36, p = 0.04) and women (r = -0.37, p = 0.03) (S1 Fig).

There was no correlation between CCT and age in overall sample (p = 0.63; S2 Fig), or
either group (AMD group, p = 0.98; control group, p = 0.80; S2 Fig).

Discussion

In the present study, mean CCT was significantly greater in the AMD group compared with
the control group. CCT was negatively correlated with AL in overall group; this finding was
also observed when patients with AMD and control were separately analyzed. The eyes with
CCT >350 pum were all in the AMD group. Finally, CCT and CVD were positively correlated
in patients with and without AMD.

The negative correlation between AL and CCT noted in the present study with elderly peo-
ple was consistent with the results of previous reports on healthy and relatively young adults
(mean age, around 40 years) [17, 18]. Ikuno et al. analyzed healthy adults with a mean age of
39.4 years (range, 23-88 years) while Chen et al. analyzed adults with a mean age of 38 years
(range, 30-49 years). In contrast, the present study included patients with a mean age of 77.0
years (range, 64-88 years). The mean CCT values in the studies by Ikuno et al. and Chen et al.
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Fig 2. Correlation between CCT and CVD. Pearson’s correlation analysis. CCT was positively correlated with CVD
in the overall sample as well as AMD and control groups. CCT, central choroidal thickness; CVD, choroidal vessel
diameter; AMD, age-related macular degeneration. p < 0.05.

https://doi.org/10.1371/journal.pone.0240357.9002

were 354 and 334 um, respectively, whereas that of the present study was 208.4 um. This is
consistent with a previous report of an annual decrease of 3 um in CCT [16]. An age-related
decrease in CCT is mainly observed in the choriocapillaris and Sattler’s layer, with changes
also observed in the choroidal large vessel layer (Haller’s layer) [16]. Furthermore, both choroi-
dal vessel and stromal volumes decrease with age [19]. The overall mean CCT in the current
study was smaller most likely due to the age-related thinning of the choroid, interestingly,
however, there still were correlation between AL and CCT. Moreover, pathological eyes with
early AMD also had the negative correlation between AL and CCT.

It is known that pathological choroidal thickening and uveal effusion are caused by the
compression of the vortex veins by a thick sclera at the point where the veins outflow through
the sclera, and often related to a very short AL [14]. Histological analysis shows that the eyes
with very short ALs have abnormal sclera characterized by the disorganization of the collagen
fiber bundles and deposits of proteoglycans in the matrix [14]. One of the pachychoroid dis-
eases, central serous chorioretinopathy, may be related to increased flow resistance in the vor-
tex veins that pass through the sclera, resulting in choroidal vessel dilation as shown by
angiographies [20]. On the basis of these previous findings and the results of the present study
showing that CVD and CCT are positively correlated, CCT increase may be because of choroi-
dal vessel dilation, which could be caused by the increased resistance of outflow through the
thick sclera of eyes with short ALs in adults.

Alternatively, previous animal experiments have shown that the changes in AL was associ-
ated with light exposure [9], and the decrease in CCT precedes scleral growth during the devel-
opment of myopia [9, 21]. This suggests that light-induced CCT changes may affect scleral
growth, and then, AL. However, further studies are required to validate this suggestion, con-
sidering the lack of pathohistological evidence collated over time [22]. Moreover, gene-envi-
ronment interactions may also play a role in AL elongation and myopia development [23].
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Nonetheless, mean CCT was greater and the eyes with CCT>350 um were all included in
the AMD group. Considering that AMD-related SNPs in age-related maculopathy susceptibil-
ity 2 [24] and complement factor H [24, 25] are related to choroidal vascular hyperpermeabil-
ity, and observed in eyes with relatively shorter ALs [24], AMD-related SNPs and AL
determinant factors could have the possibility of genetic linkages, although further studies are
required.

The limitations of the present study are the relatively small sample size, and the absence of
histological data. The fact that early AMD could progress into various subtypes of AMD, such
as tAMD and PCV, in the future, could be also a limitation; however, the genetic backgrounds
of tAMD and PCV are similar [26-29], and there is a wide overlap in CCT values for individu-
als with tAMD and PCV, while the mean CCT value is significantly greater for patients with
PCV; Koizumi et al. reported that CCT values ranged from 124 to 359 um in patients with
tAMD and from 128 to 404 um in those with PCV [3]. Future studies with large cohorts are
warranted to validate the results of the present study.

In summary, the results of the present study suggest that CCT was negatively correlated
with AL and positively correlated with CVD in the elder people with or without early AMD.
Given that CCT is an important parameter for predicting the prognoses of subfoveal diseases
such as PCV [2], AL data would help in evaluating the outcomes of such diseases. We recom-
mend that AL be routinely measured at the first visit in order to accumulate data for exploring
the pathogenesis and disease prognosis in any applicable case.

Supporting information

S1 Table. Characteristics of the male and female patients. Data are shown as

mean + standard deviation. Mann-Whitney U-test. CRT, central retinal thickness; CCT, cen-
tral choroidal thickness; CVD, choroidal vessel diameter. *p<0.05.

(DOCX)

S1 Fig. Correlation between central choroidal thickness (CCT) and axial length (AL). Pear-
son’s correlation analysis. There were negative correlations between CCT and AL both among
men and women. CCT, central choroidal thickness; AL, axial length; AMD, age-related macu-

lar degeneration. Control group: patients with no ocular diseases other than cataract.
(TIF)

S2 Fig. Correlation between choroidal thickness (CCT) and age. Pearson’s correlation analy-
sis. There is no correlation between CCT and age in the overall sample as well as individual
groups (AMD and control groups). CCT, central choroidal thickness; AMD, age-related macu-
lar degeneration. Control group: patients with no ocular diseases other than cataract.

(TIF)
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