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Purpose: Identifying clinical associations causing attenuation in choroidal thickness
(CT) among healthy Chinese adults.

Methods: A 2-year longitudinal study was conducted in volunteers aged over 30 years
from China. All participants had no history of eye disease or surgery. All subjects under-
went swept-source optical coherence tomography to measure the CT in the macular
region at baseline and at 2-year follow-up. The regression models were based on the
generalized estimating equation.

Results: A total of 603 eyes of 336 healthy participants were included in the final
analysis (mean [SD] age, 58.88 [8.82] years; 74.70% female). Mean (SD) choroidal
thickness (MCT) was reduced significantly from 206.62 (72.42) to 194.02 (72.08) μm
(difference, −12.60 μm; 95% confidence interval [CI], −13.62 to −11.57). Among the
Early Treatment of Diabetic Retinopathy Study (ETDRS) grid, CT at the subfoveal
sector showed the greatest 2-year reduction (difference, −14.55 μm; 95% CI,
−15.87 to −13.22). The largest 2-year change was observed in the 50 to 59 years
group (difference, −14.51 μm; 95% CI, −16.71 to −12.32). Multivariate regression
showed female gender (β = −2.85; 95% CI, −5.65 to −0.56) and baseline MCT
(β = −0.040; 95% CI, −0.056 to −0.024) were significantly and independently associ-
ated with greater 2-year CT decrease.

Conclusions: These results indicated that CT among Chinese healthy adults decreased
during the 2-year follow-up, and the greater choroidal thinning rate was significantly
associated with female gender and larger baseline MCT.

Translational Relevance: Longitudinal CT data of healthy adults provide a reference
range when evaluating pathologic variations, especially for the age-related retinal-
choroidal disorders.

Introduction

The choroid is the only provider of nutrients and
oxygen to the outer retina, receives about 90% of the
ocular blood, and acts as the primary scavenger to
clear the retina. Normal choroidal vasculature is vital
for the retinal function.1 As a result, choroidal thick-
ness (CT) could reflect retinal function to some degree.
Swept-source optical coherence tomography (SS-OCT)
is a new generation of OCT that utilizes a tunable
swept laser as its light source. This newer technique
allows deeper penetration and clearer visualization
of the ocular structures beyond the retinal pigment

epithelium (RPE) with higher speed, longer wavelength
light source, and no signal roll-off.2,3 Compared with
enhanced depth imaging spectral-domain OCT (EDI
SD-OCT), a more advanced evolution of SD-OCT
to allow deeper choroid visualization,4 the advantages
for utilizing SS-OCT for CT measuring were obvious.
First, the clearer boundary of the choroid–scleral inter-
face on SS-OCT could produce 100% interobserver
agreement,5 which makes measurements of CT more
reliable. In addition, unlike EDI, which measures the
CT at either a single point under the fovea or at several
predetermined retinal positions, the high-speed swept
laser of SS-OCT can scan a broad range of choroid
simultaneously, without movement of the OCT focus.6
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Cross-sectional studies proved that CT is associ-
ated with age, axial length (AL), and other biometric
factors in healthy eyes.7–9 In addition, CT differs across
the posterior pole.10 Although longitudinal studies on
CT change have been conducted among children and
adolescents, to our knowledge, there is not any study
on longitudinal changes of CT among healthy adults
aged 30 years and above. Therefore, it is important
to get normative data on CT in adults to provide
a reference range when evaluating pathologic varia-
tions, especially for the aging-related retinochoroidal
disorders.

To fill the knowledge gap, we carried out the first
longitudinal study on CT measurement of healthy
adults using SS-OCT. In this study, we aimed to
describe the cohort characteristics of CT and to evalu-
ate the CT changes over 2 years in eyes of healthy
adults. Furthermore, we sought to determine the
independent influence of baseline characteristics for
longitudinal changes of CT and to elucidate the most
relevant factors.

Methods

Participants

The study was performed at the Zhongshan
Ophthalmic Center (ZOC), affiliated to Sun Yat-sen
University in Guangzhou, China. Healthy volunteers
were recruited from the community health center near
ZOC from March to December 2018. The study was
conducted according to the tenets of the Declaration
of Helsinki. All participants signed informed consent.
The Ethics Committee of ZOC approved the study
protocol.

The inclusion criteria were as follows: (1) adults
aged 30 to 80 years; (2) no history or evidence of
eye disorders and no previous invasive eye treatments,
including any type of injection or surgery; and (3) no
systemic diseases. The exclusion criteria included (1)
AL ≥26.0 mm, (2) best-corrected visual acuity ≤20/20,
(3) intraocular pressure ≥21 mm Hg, (4) any retinal or
RPE abnormality detectable with fundus photograph
or OCT, (5) severe cataract, or (6) low OCT image
quality because of unstable fixation, abnormal refrac-
tive media, or other causes.

The subjects underwent the same examinations
at baseline, 1-year, and 2-year follow-up using the
same protocols, devices, and dark rooms. The time
window was 1 month. Only subjects who went through
all examinations were included in the final statis-
tical analysis. Complete medical history was taken
through a detailed questionnaire survey. Briefly, basic

information, lifestyle factors, and medical history
of all participants were included in the survey. An
experienced nurse measured height, weight, systolic
blood pressure (SBP), and diastolic blood pressure
(DBP) in compliance with standardized procedures.
Body mass index (BMI) was calculated as the weight
(kg)/height (m2). Complete ocular examinations
were performed for all participants by experienced
ophthalmologists in ZOC. All examinations were
carried out under nonmydriatic conditions. The
detailed protocol is described in the Supplementary
Material.

SS-OCT Acquisition

An experienced technician performed all OCT
scans. It was confirmed before the scan that none of
the patients had consumed analgesic medications or
had alcohol or drinks with caffeine for at least 24
hours before the procedure. All subjects underwent
sequential scans with a commercial SS-OCT imaging
systemTriton (DRI-OCT-2 Triton; Topcon Inc, Tokyo,
Japan) to obtain high-definition retina and choroid
images. This system had a tunable laser as the light
source with a center wavelength of 1050 nm to produce
a scanning speed of 100,000 A-scans per second. A
transverse resolution of 20 μm and an axial resolu-
tion of 8 μm were achieved within the tissue. A three-
dimensional raster scan (7.0 × 7.0 mm, 512 × 256)
protocol was adopted, with a scan density of 512 A-
scans × 512 B-scans centering on the macula. Image
quality score (IQS) was generated automatically by the
built-in software (IMAGEnet1.23). OCT images with
an IQS of <50, with eye movement or artifacts, decen-
tration images, and images with segmentation failure,
were excluded.

The images were first analyzed by the built-in layer
segmentation software. CT was measured from the
chorio-scleral border to the outer portion of the hyper-
reflective line corresponding to the RPE layer. The
macula was divided by the Early Treatment of Diabetic
Retinopathy Study (ETDRS) into the inner ring (1
to 3 mm) and the outer ring (3 to 6 mm). The
whole area was then separated into nine subfields:
the outer superior, inner superior, outer temporal,
inner temporal, foveal center, outer nasal, inner nasal,
outer inferior, and inner inferior. CT in each of
the nine subfields and the mean CT (MCT) of all
nine grids were automatically calculated (Fig. 1). Two
trained retinal specialists reviewed each line of both
RPE and the chorio-scleral border in all images of
the three-dimensional data set to verify or manually
adjust to the correct segmentation to acquire controlled
calculations.
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Figure 1. Illustration of CTmeasurements in EDTRS nine sectors by SS-OCT. The segmentation lines in A refer to as the choroidal layer. The
individual grids are referred to as the foveal center, outer superior, inner superior, outer temporal, inner temporal, inner nasal, outer nasal,
inner inferior, and outer inferior. N, nasal; T, temporal.

Statistical Analysis

TheKolmogorov–Smirnov test was applied to verify
the normal distribution. Normally distributed data
were presented as mean ± SD. Nonnormal distribu-
tion was reported as median ± interquartile range. The
paired t-test was adopted to compare CT at baseline
and that at 2-year follow-up. The 95% confidence
interval (CI) in the various factors among the entire
cohort as well as subgroups was calculated. Regard-
ing the multiple comparison, post hoc testing using the
Bonferroni correction was applied to reveal if the 2-
year differences were statistically significant in each of
the sectors on the standard ETDRS grid. P < 0.005
was considered statistically significant. Age, baseline
MCT, and AL were subgrouped accordingly to present
the distribution of CT change. Taking into account
the correlations between the two eyes in a single
person, univariate and multivariate regression analy-
ses were performed based on the generalized estimating
equation.11 The association of demographic, systemic,
and ocular parameters with the attenuation of MCT or
subfoveal choroidal thickness (SFCT) over 2 years was

then calculated. Specifically, the “attenuation” was the
arithmetic difference between the CT value measured
at 2 years and at baseline. This difference was used
as the dependent variable in the regression models.
We dropped waist-to-hip ratio, SBP, and spherical
equivalent considering their collinearity with BMI,
DBP, and AL, respectively. Parameters with P < 0.10
in the univariable regressions were entered into the
subsequent multiple regression analysis, adjusting for
age, and performed on MCT and SFCT separately.
The data were analyzed by a commercial analyti-
cal software program (Stata Version 16.0; StataCorp,
College Station, TX, USA). P < 0.05 was considered
statistically significant.

Results

Baseline Demographic Characteristics

Participants who met the inclusion criteria and
enrolled in the 2-year follow-up visits with available
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Figure 2. The schematic workflow. Eligible participants from two annual visits with a 2-year interval.

SS-OCT data were included in the analysis. Figure 2
shows the schematic workflow of including and exclud-
ing subjects. Briefly, 798 eyes of 435 healthy volun-
teers were recruited at the baseline examination. At the
first and second follow-up visits, there were 39 and 56
participants without OCT images or lost to follow-up.
Among the remaining 340 participants, at the 2-year
follow-up visit, five eyes were excluded due to poor
quality of choroid image on SS-OCT. A total of 603
eyes of 336 healthy participants were enrolled in the
final analysis. The baseline demographics and clinical
characteristics are shown in Table 1. The average age
was 58.88 ± 8.82 years (range, 32–76), and 74.70% of
the participants were female. Mean AL was 23.49 ±
0.88 mm.

Distribution and Longitudinal Change of CT
among the ETDRS Grid

At the 2-year follow-up, there was a signifi-
cant decrease in MCT (difference, −12.60 μm; 95%
CI, −13.62 to −11.57, P < 0.001, Supplementary
Fig. S1A). Post hoc testing using the Bonferroni correc-
tion showed that the 2-year differences were statisti-
cally significant in each of the sectors on the standard
ETDRS grid. At baseline, the inner superior sector was
the thickest with a CT of 231.00 ± 81.02 μm, followed
by the foveal center (230.10 ± 86.96 μm), and the outer
nasal sector was the thinnest (174.80 ± 82.75 μm) (P
< 0.001). Significant attenuation of CT in the nine

Table 1. Baseline Characteristics of Study Participants

Characteristic Value

No. of subjects 603
Age, y 58.88 ± 8.82
Female 251 (74.70%)
BMI, kg/m2 23.13 ± 3.00
WHR 0.87 ± 0.06
SBP, mm Hg 125.85 ± 17.41
DBP, mm Hg 68.48 ± 9.55
SE, diopters 0.34 ± 1.97
IOP, mm Hg 16.07 ± 2.35
CCT, μm 541.73 ± 31.10
ACD, mm 2.48 ± 0.33
LT, mm 4.54 ± 0.33
AL, mm 23.49 ± 0.88

Data are expressed as mean ± SD or %.
ACD, anterior chamber depth; CCT, central corneal thick-

ness; IOP, intraocular pressure; LT, lens thickness; SE, spherical
equivalent; WHR, waist-to-hip ratio.

macular sectors of the ETDRS grid was found over
the 2-year follow-up (Table 2). CT reduction across the
nine sectors varied, with the most significant reduc-
tion found at the central fovea (mean 2-year difference:
−14.55 μm; 95% CI, −15.87 to −13.22, P < 0.001),
and the least found at the outer nasal sector (mean 2-
year difference: −9.98 μm; 95% CI, −11.10 to −8.85,
P < 0.001).



Longitudinal Change of Choroidal Thickness TVST | June 2022 | Vol. 11 | No. 6 | Article 21 | 5

Table 2. Two-Year Change of Mean Choroidal Thickness on the Standard ETDRS Grid

Characteristic (μm) Baseline (Mean ± SD) 2-Year (Mean ± SD) Mean 2-Year Difference (95% CI)a

MCT 206.62 ± 72.42 194.02 ± 71.08 −12.60 (−13.62 to −11.57)b

Outer superior 226.30 ± 75.37 212.07 ± 74.40 −14.23 (−15.68 to −12.78)b

Inner superior 231.00 ± 81.02 217.41 ± 79.47 −13.59 (−15.14 to −12.04)b

Outer temporal 205.59 ± 69.53 192.55 ± 67.03 −13.04 (−14.24 to −11.84)b

Inner temporal 223.90 ± 78.48 209.82 ± 76.83 −14.08 (−15.38 to −12.78)b

Foveal center 230.31 ± 86.96 215.77 ± 85.24 −14.55 (−15.87 to −13.22)b

Inner nasal 217.87 ± 89.01 204.56 ± 87.41 −13.31 (−13.58 to −12.05)b

Outer nasal 174.80 ± 82.75 164.82 ± 81.73 −9.98 (−11.10 to −8.85)b

Inner inferior 217.17 ± 87.79 203.67 ± 86.30 −13.49 (−15.02 to −11.97)b

Outer inferior 197.46 ± 81.71 185.82 ± 79.88 −11.64 (−12.92 to −10.36)b

Regarding themultiple comparison, post hoc testing using the Bonferroni correctionwas applied. P< 0.005was considered
statistically significant.

aPaired t-test.
bP < 0.001.

The Association of Longitudinal MCT
Changes with Age, Sex, Baseline MCT, and AL

The largest 2-year change was observed in the 50 to
59 years group (difference,−14.51 μm; 95%CI,−16.71
to −12.32) and progressively became less evident in
the 60 to 69 and 70 to 79 groups (Table 3, Fig. 3).
As for the gender, the change in MCT was greater
in the female group (difference, −13.36 μm; 95% CI,

−14.53 to −12.19). Moreover, the result showed that
the greater the baseline MCT was, the greater the
reduction in CT would be. The largest reduction was
−15.40 μm, with the 95% CI ranging from −17.63
to −13.17. For baseline AL, the largest mean 2-year
difference in MCT was observed in the third quantile
subgroup (difference: −14.70 μm; 95% CI, −16.78 to
−12.62). Similar results were found for SFCT (Supple-
mentary Table S1, Supplementary Figs. S1B, S2).

Table 3. Stratified 2-Year Changes of MCT (μm) Measured by SS-OCT

Characteristic n Baseline Measurement, Mean (SD) (μm) Mean 2-Year Difference (95% CI) (μm)

Age group (y)
30–49 107 237.09 (74.51) −12.45 (−14.89 to −10.00)a

50–59 155 223.91 (66.17) −14.51 (−16.71 to −12.32)a

60–69 293 195.17 (65.61) −11.99 (−13.41 to −10.57)a

≥70 48 152.76 (81.82) −10.45 (−13.81 to −7.08)a

Sex
Male 158 213.07 (75.87) −10.45 (−12.53 to −8.37)a

Female 445 204.33 (71.11) −13.36 (−14.53 to −12.19)a

MCT at baseline (μm)
First quantile 151 115.71 (25.78) −8.59 (−9.87 to −7.30)a

Second quantile 151 179.46 (17.41) −11.99 (−14.09 to −9.89)a

Third quantile 151 229.65 (13.80) −14.43 (−16.72 to −12.13)a

Fourth quantile 150 302.30 (33.89) −15.40 (−17.63 to −13.17)a

AL group (mm)
First quantile 152 225.49 (72.65) −12.26 (−14.27 to −10.26)a

Second quantile 153 209.58 (69.27) −13.31 (−15.53 to −11.09)a

Third quantile 151 205.13 (71.14) −14.70 (−16.78 to −12.62)a

Fourth quantile 147 185.55 (73.69) −10.04 (−11.88 to −8.20)a

aP < 0.001.
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Figure 3. Two-year change in average CT (μm) across age groups
with 10-year age intervals. The shaded boxes indicate the interquar-
tile range, the horizontal linewithin the boxes indicates the median,
and the limit lines indicate 95% CI.

Factors Associated with Longitudinal
Changes in MCT and SFCT

Separate regression models were created for mean
and subfoveal CT to determine which parameter
showed the strongest association with CT change.
Multiple regression analysis showed that female gender
was associated with more decline in CT (β = −2.85,
for being female versus male; 95% CI, −5.65 to −0.56;
P = 0.046), and higher MCT at baseline was associ-
ated with the faster decline in MCT (β = −0.040, for
eachmicron increase in baselineMCT; 95%CI,−0.056
to −0.024; P < 0.001) after adjusting for confounding

factors. Similar results were found for SFCT: female
gender was associated with more decline (β = −4.05,
for being female versus male; 95% CI, −7.43 to −0.66;
P= 0.020), and higherMCT at baseline was associated
with the faster decline in SFCT (β = −0.041, for each
micron increase in baseline MCT; 95% CI, −0.060 to
−0.021; P < 0.001). Table 4 and Supplementary Table
S2 show the results of adjusted simple and multiple
regression analysis on MCT and SFCT with different
variables, respectively.

Discussion

To our knowledge, this is the first 2-year longitudi-
nal study on CT change in normal Chinese adults using
SS-OCT. The study results showed that CT decreased
in all sections of the ETDRS grid after 2-year obser-
vation, with the central foveal choroid decreasing the
most and the outer nasal decreasing the least. Adjusted
multivariate regression showed that female gender and
higher baseline MCT were significant associations for
faster CT attenuation.

Cross-sectional studies have proved that the
thinning of the choroid is related to aging. However,
the reported annual CT decrease differed greatly.
To be specific, regression analysis by Margolis and
Spaide12 and Ikuno et al.13 revealed a 15.6-μm and
14-μm SFCT decrease for each decade of life, respec-
tively. The Beijing Eye Study demonstrated a 4.1-μm
decrease in SFCT for each 1-year increase in age.8 The
Singapore Malay Eye Study 2 reported a 4.139-μm
decrease in SFCT for each 1-year increase in age after
adjusting for other factors.14 The Montrachet Study
showed that older age is independently associated with
thinner SFCT.15 The KLoSHA Eye study showed that

Table 4. Association Between Subject Characteristics and 2-Year Change of MCT (μm)

Characteristic
Univariate Adjusted Coefficient

(95% CI) P
Multivariate Adjusted Coefficient

(95% CI) P

Age (per 1 year) 0.068 (−0.070 to 0.21) 0.34 — —
Female sex −2.42 (−5.20 to 0.36) 0.089 −2.85 (−5.65 to −0.56) 0.046
BMI (per 1 kg/m2) 0.19 (−0.21 to 0.60) 0.35 — —
DBP (per 1 mm Hg) −0.10 (−0.23 to 0.025) 0.11 −0.11 (−0.24 to 0.013) 0.079
IOP (per 1 mm Hg) 0.0017 (−0.49 to 0.49) 0.99 — —
CCT (per 1 μm) 0.010 (−0.029 to 0.049) 0.61 — —
ACD (per 1 mm) 1.18 (−2.47 to 4.82) 0.53 — —
LT (per 1 mm) 1.28 (−2.36 to 4.91) 0.49 — —
AL (per 1 mm) 1.16 (−0.18 to 2.50) 0.089 0.13 (−1.24 to 1.50) 0.86
Baseline MCT (per 1 μm) −0.040 (−0.055 to −0.024) <0.001 −0.040 (−0.056 to −0.024) <0.001

P values are based on the generalized estimating equation. Bold indicates statistical significance.
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SFCT and MCT decreased by 27.7 μm or 6.02 μm for
each decade of life, respectively.16 Moreover, cross-
sectional studies might underestimate the changes in
CT with aging in general. In the current longitudinal
study, MCT and SFCT decreased by 12.60 μm and
14.55 μm for every 2-year increase in age, respec-
tively. The inconsistency among the studies may be
attributable to different baseline characteristics, such
as age variation, different OCT instruments,17 and the
limitations of SD-OCT technology. The choroid has
been reported to lose submacular vascularity with age,
especially the arterioles.18 Ruiz-Medrano et al.19 and
Zhao et al.20 described that age-related CT decrease
was mostly at the expense of Haller’s layer, including
large vascellum. Thus, the capacity of the choroid
to remove metabolic wastes from the outer retina is
declining.21–23

For topographic variations in CT, similar results
as reported by previous studies were observed. Shin
et al.10 reported that the outer nasal macula area was
the thinnest among the ETDRS grids. Touhami et al.24
also demonstrated that the thinnest point was the nasal
outer macula since the CT pattern was correlated with
choroidal vein distribution. In the current study, the
thinnest point was at the outer nasal sector (174.80 ±
82.75 μm). The thinner nasal choroid thickness could
be ascribed to the choroidal watershed zones25 and its
closeness to the optic nerve head. Hence, this could be
related to glaucoma or have contributed to peripap-
illary atrophy.4 The results of the current study also
demonstrated that the thickest point was at the fovea
(230.31 ± 86.96 μm) and the inner superior sector
(231.00± 81.02 μm). This could also relate to where the
choroidal vein density was the highest.24 In addition,
the current study suggested that the decrease at the
nine sectors differed after 2-year observation. Among
all sectors, the foveal center decreased the fastest
(mean 2-year difference: −14.55 μm; 95% CI, −15.87
to −13.22), and the outer nasal sector decreased the
slowest (mean 2-year difference: −9.98 μm; 95% CI,
−11.10 to −8.85). This could be attributed to the
high metabolic demand of the choroid for the nutri-
ent supply at the central fovea, which requires rapid
and dense filling of the choriocapillaries and choroidal
arteries,26 resulting in the fastest consumption of the
foveal choroid.

Some previous studies reported that females had
thinner choroid and smaller choroidal volume than
males.27,28 Interestingly, the current longitudinal study
suggested that choroidal thinning speed was signif-
icantly associated with gender. To be specific, CT
had a greater decrease in female participants after 2-
year observation. The previous study demonstrated
the influence of gender on choroidal blood flow,

indicating the role of estrogens.28 In addition, a study
reported that estrogen receptor subtype β was local-
ized in human choroid.29 Furthermore, some impor-
tant human eye pathologies were found to be related
to gender, such as myopic retinopathy. The Hisayama
Study reported female gender as a significant risk
factor for myopic retinopathy (odds ratio, 3.29; 95%
CI, 1.09–9.92).30 Vongphanit et al.31 documented a
higher prevalence of myopic retinopathy in females in
an older Australian population.With a thinner choroid
and faster thinning speed, women’s eyes may be more
susceptible to specific pathologic conditions and faster
disease progressions.

A large number of previous cross-sectional studies
have found a correlation between CT and AL. The
Beijing Eye Study8 on 3468 individuals showed that
subfoveal CT decreased by 32 μm for every 1-mm
increase in AL. The Singapore Malay Eye Study
2 demonstrated that longer AL was significantly
associated with thinner choroid and smaller choroidal
volume. After subgrouping the AL into four quantiles,
the current study revealed that the longer the AL was,
the thinner the CT would be. However, cross-sectional
results cannot illuminate the effect of AL on the longi-
tudinal changes of CT. The current longitudinal obser-
vation study among adults suggested that the 2-year
attenuation rate of CT was not associated with AL.
Baseline MCT was found to be negatively correlated to
CT reduction. With the decrease of baseline MCT, the
ability of the choroid to supply sufficient metabolites
to the RPE and outer retina may also decrease.

The present study has the merit of being the first
longitudinal study on choroidal thinning in large-scale
Chinese adults that followed standardized examination
protocols. However, there are some limitations to the
current study. First, all participants in the current study
were Chinese healthy subjects. Ethnic variations in CT
have been reported in previous studies.32,33 Hence, the
variations in the rate of CT thinning in different races
should be further verified. Second, the thickness of
the choroid varies greatly with the degree of blood
vessel filling, which could be affected by the cardio-
vascular status. Some studies found a diurnal fluctu-
ation of CT. In 12 healthy subjects with a mean age
of 30 years (range, 21–37 years), Tan et al.34 observed
that MCT was the thickest at 9:00 am and decreased
to the thinnest at 5:00 pm. Mansouri et al.9 proved in
56 eyes of 28 healthy volunteers that the water drink-
ing test could increase CT and choroidal volume, which
mimicked peak diurnal intraocular pressure. These
could lead to the measuring error from different time
points and need to be further controlled in our future
study. Third, the follow-up duration in the current
study was only 2 years, which was relatively short. To
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explore the long-term effect, a prospective cohort with
a longer follow-up period is in progress.

In conclusion, in the current 2-year longitudi-
nal study, the decrease in CT measured by SS-OCT
was observed in Chinese healthy adults for the first
time. Adjusted multivariate regression revealed female
gender and larger baseline MCT to be independently
correlated with faster CT attenuation. A larger-scale,
longer-term, and cross-race verification is necessary to
further validate the above findings.

Acknowledgments

The authors thank all the participants and staff in
the ZOC preventive department.

Funded by the National Natural Science Founda-
tion of China (82171084, 82000901), the Guangzhou
Science & Technology Plan of Guangdong Pearl River
Talents Program (202102010162), the Fundamental
Research Funds of the State Key Laboratory of
Ophthalmology (303060202400362).

Disclosure:W. Cai, None; X. Guo, None;W.Wang,
None; K. Xiong, None; X. Han, None; X. Gong, None;
M. Yuan, None; Y. Li, None; X. Liang, None; Y. Liu,
None; W. Huang, None

* WC, XG, and WW contributed equally to this
article.

References

1. Linsenmeier RA, Padnick-Silver L. Metabolic
dependence of photoreceptors on the choroid in
the normal and detached retina. Invest Ophthalmol
Vis Sci. 2000;41:3117–3123.

2. Adhi M, Liu JJ, Qavi AH, et al. Choroidal analysis
in healthy eyes using swept-source optical coher-
ence tomography compared to spectral domain
optical coherence tomography. Am J Ophthalmol.
2014;157:1272–1281.e1271.

3. Ferrara D, Waheed NK, Duker JS. Investigating
the choriocapillaris and choroidal vasculature with
new optical coherence tomography technologies.
Prog Retin Eye Res. 2016;52:130–155.

4. Spaide RF, Koizumi H, Pozzoni MC. Enhanced
depth imaging spectral-domain optical coherence
tomography. Am J Ophthalmol. 2008;146:496–500.

5. Copete S, Flores-Moreno I, Montero JA, Duker
JS, Ruiz-Moreno JM. Direct comparison of
spectral-domain and swept-source OCT in the

measurement of choroidal thickness in normal
eyes. Br J Ophthalmol. 2014;98:334–338.

6. Yasin Alibhai A, Or C, Witkin AJ. Swept source
optical coherence tomography: a review.Curr Oph-
thalmol Rep. 2018;6:7–16.

7. Ding XY, Li JQ, Zeng J, et al. Choroidal thickness
in healthy Chinese subjects. Invest Ophthalmol Vis
Sci. 2011;52:9555–9560.

8. WeiWB, Xu L, Jonas JB, et al. Subfoveal choroidal
thickness: the Beijing Eye Study. Ophthalmology.
2013;120:175–180.

9. Mansouri K, Medeiros FA, Marchase N, Tatham
AJ, Auerbach D, Weinreb RN. Assessment of
choroidal thickness and volume during the water
drinking test by swept-source optical coherence
tomography.Ophthalmology. 2013;120:2508–2516.

10. Shin JW, Shin YU, Lee BR. Choroidal thickness
and volume mapping by a six radial scan protocol
on spectral-domain optical coherence tomography.
Ophthalmology. 2012;119:1017–1023.

11. Zeger SL, Liang KY, Albert PS. Models for lon-
gitudinal data: a generalized estimating equation
approach. Biometrics. 1988;44:1049–1060.

12. Margolis R, Spaide RF. A pilot study of enhanced
depth imaging optical coherence tomography of
the choroid in normal eyes. Am J Ophthalmol.
2009;147:811–815.

13. Ikuno Y, Kawaguchi K, Nouchi T, Yasuno Y.
Choroidal thickness in healthy Japanese sub-
jects. Invest Ophthalmol Vis Sci. 2010;51:2173–
2176.

14. Gupta P, Jing T, Marziliano P, et al. Distribu-
tion and determinants of choroidal thickness and
volume using automated segmentation software
in a population-based study. Am J Ophthalmol.
2015;159:293–301.e293.

15. Arnould L, Seydou A, Gabrielle PH, et al. Sub-
foveal choroidal thickness, cardiovascular history,
and risk factors in the elderly: the Montrachet
Study. Invest Ophthalmol Vis Sci. 2019;60:2431–
2437.

16. Ryoo NK, Ahn SJ, Park KH, et al. Thickness
of retina and choroid in the elderly population
and its association with complement factor H
polymorphism: KLoSHA Eye study. PLoS One.
2018;13:e0209276.

17. Mylonas G, Ahlers C, Malamos P, et al. Compar-
ison of retinal thickness measurements and seg-
mentation performance of four different spectral
and time domain OCT devices in neovascular age-
related macular degeneration. Br J Ophthalmol.
2009;93:1453–1460.

18. Ito YN,Mori K, Young-Duvall J, Yoneya S. Aging
changes of the choroidal dye filling pattern in



Longitudinal Change of Choroidal Thickness TVST | June 2022 | Vol. 11 | No. 6 | Article 21 | 9

indocyanine green angiography of normal subjects.
Retina. 2001;21:237–242.

19. Ruiz-Medrano J, Flores-Moreno I, Peña-García
P, et al. Analysis of age-related choroidal layers
thinning in healthy eyes using swept-source opti-
cal coherence tomography. Retina. 2017;37:1305–
1313.

20. Zhao J,WangYX, Zhang Q,WeiWB, Xu L, Jonas
JB. Macular choroidal small-vessel layer, Sattler’s
layer andHaller’s layer thicknesses: the Beijing Eye
Study. Sci Rep. 2018;8:4411.

21. Whitmore SS, Sohn EH, Chirco KR, et al. Com-
plement activation and choriocapillaris loss in
early AMD: implications for pathophysiology and
therapy. Prog Retin Eye Res. 2015;45:1–29.

22. Chirco KR, Sohn EH, Stone EM, Tucker BA,
Mullins RF. Structural and molecular changes
in the aging choroid: implications for age-related
macular degeneration. Eye. 2017;31:10–25.

23. Brinks J, Dijk EHCV, Klaassen I, et al. Explor-
ing the choroidal vascular labyrinth and its molec-
ular and structural roles in health and disease.Prog
Retin Eye Res. 2021;87:100994.

24. Touhami S, Philippakis E, Mrejen S, et al. Topo-
graphic variations of choroidal thickness in healthy
eyes on swept-source optical coherence tomogra-
phy. Invest Ophthalmol Vis Sci. 2020;61:38.

25. Hayreh SS. In vivo choroidal circulation and its
watershed zones. Eye. 1990;4(pt 2):273–289.

26. Archer D, Krill AE, Newell FW. Fluorescein stud-
ies of normal choroidal circulation. Am J Ophthal-
mol. 1970;69:543–554.

27. Ruiz-Medrano J, Flores-Moreno I, Pena-Garcia P,
Montero JA, Duker JS, Ruiz-Moreno JM. Mac-

ular choroidal thickness profile in a healthy pop-
ulation measured by swept-source optical coher-
ence tomography. Invest Ophthalmol Vis Sci.
2014;55:3532–3542.

28. Centofanti M, Bonini S, Manni G, Guinetti-
Neuschuler C, Bucci MG, Harris A. Do sex and
hormonal status influence choroidal circulation?
Br J Ophthalmol. 2000;84:786–787.

29. Munaut C, Lambert V, Noel A, et al. Presence of
oestrogen receptor type beta in human retina. Br J
Ophthalmol. 2001;85:877–882.

30. Asakuma T, Yasuda M, Ninomiya T, et al. Preva-
lence and risk factors for myopic retinopathy in
a Japanese population: the Hisayama Study. Oph-
thalmology. 2012;119:1760–1765.

31. Vongphanit J, Mitchell P, Wang JJ. Prevalence
and progression of myopic retinopathy in an
older population. Ophthalmology. 2002;109:704–
711.

32. Bafiq R, Mathew R, Pearce E, et al. Age, sex,
and ethnic variations in inner and outer reti-
nal and choroidal thickness on spectral-domain
optical coherence tomography. Am J Ophthalmol.
2015;160:1034–1043.e1031.

33. Karapetyan A, Ouyang P, Tang LS, Gemilyan
M. Choroidal thickness in relation to ethnicity
measured using enhanced depth imaging opti-
cal coherence tomography. Retina. 2016;36:82–
90.

34. Tan CS, Ouyang Y, Ruiz H, Sadda SR. Diur-
nal variation of choroidal thickness in normal,
healthy subjects measured by spectral domain opti-
cal coherence tomography. Invest Ophthalmol Vis
Sci. 2012;53:261–266.


