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Purpose: To determine the diurnal variation in choroidal thickness and choriocapillaris flow measured by optical coherence tomography 
(OCT) and optical coherence tomography angiography (OCTA)
Methods:  This study was a prospective study of 15 normal, young volunteers (30 eyes) who underwent OCT and OCTA examination 
5 times a day at 2-hour intervals. Choroidal and choriocapillaris thicknesses were measured with the enhanced depth imaging mode of 
OCT. The area of flow was measured in 1-, 3-, and 6-mm-diameter areas centered at the fovea and analyzed with the split-spectrum am-
plitude-decorrelation angiography algorithm of OCTA. Choroidal and choriocapillaris thicknesses and flows were analyzed independently 
by two vitreoretinal specialists.
Results: Choroidal thickness showed a significant diurnal variation. The maximum thickness was 311.31 μm at 9 a.m., and the minimum 
thickness was 266.75 μm at 5 p.m. (p < 0.001). In contrast, the mean choriocapillaris thickness was 15.14 μm, and remained relatively con-
stant without a significant diurnal variation (p = 0.694). The mean choriocapillaris flow area was 0.45 mm2 (p = 0.238) in a 1 mm area, 4.22 
mm2 (p = 0.230) in a 3-mm diameter area, and 16.94 mm2 (p = 0.062) in a 6-mm diameter area. No diurnal variation was observed.
Conclusions: Despite significant diurnal variation in choroidal thickness, choriocapillaris thickness and flow remained relatively constant 
over time.
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Introduction

The choroid is a tissue located below the retinal pigment 
epithelium that supplies blood to the outer retina. Spaide 
et al. [1] measured its thickness with the enhanced depth 
imaging (EDI) technique first made possible by spectralis 
optical coherence tomography (OCT) (Spectralis; Heidelberg 

Engineering, Heidelberg, Germany) [2]. Later, many studies 
reported that increased choroidal thickness and choroidal 
vascular abnormalities are associated with pachychoroid 
spectrum disorders, including central serous chorioretinopa-
thy, pachychoroid pigment epitheliopathy, and pachychoroid 
neovasculopathy [3-6]. Consequently, interest in the choroid 
has increased [7-10].
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To understand changes in the choroid, normal choroid 
characteristics need to be assessed. Tan et al. [11] analyzed 
and reported diurnal variation in choroidal thickness in nor-
mal healthy subjects. Almeida et al. [9] compared changes in 
choriocapillaris thickness between healthy participants and 
patients with intermediate age-related macular degeneration 
(AMD) in seated and supine positions. According to these 
reports, normal choroidal thickness ranges from 191.5 to 
342 μm and is affected by age, axial length, refractive error, 
systolic blood pressure, the time it is measure [1,2,12]. The 
choriocapillaris was significantly thicker in patients with 
intermediate AMD than in healthy participants and signifi-
cantly thinner in the supine than the seated position [11].

Changes in choroidal and choriocapillaris thickness in 
healthy subjects have been analyzed in many studies, but 
diurnal variations in choroidal and choriocapillaris thick-
ness has yet to be studied along with choriocapillaris flow. 
Recently, OCT angiography (OCTA) (Avanti RTVue XR; 
Optovue Inc., Fremont, CA, USA), which noninvasively 
measures red blood cell migration in retinal and choroidal 
vessels over time was introduced to measure blood vessel 
structure and blood flow quickly and easily. The results are 
shown as an OCT B-Scan [13]. The choriocapillaris exhibits 
a homogenous appearance with a bright, flow area; a dark, 
low flow area; or empty space [14]. Al-Sheikh et al. [15,16] 
quantified features of the choriocapillaris with OCTA in 
healthy subjects and reported good reproducibility.

Changes in choriocapillaris thickness and flow in each 
chorioretinal disease seem to correlate with changes in 
choroidal thickness. Analyzing normal values may help 
determine the relationship between choroidal thickness and 
disease. In this study, we analyzed changes in the choroid 
and choriocapillaris thickness and choriocapillaris flow over 
time with OCT and OCTA in young healthy subjects.

Materials and Methods

This was a prospective study of 30 eyes of 15 healthy, young 
adults with no known ophthalmic or systemic disease. Spec-
tral-domain OCT and OCTA scans were performed 5 times 
from 9 a.m. to 5 p.m. at 2-hour intervals at the Retina Cen-
ter of Nune Eye Hospital in Seoul, South Korea. The study 
protocol was approved by the Institutional Review Board of 
Nune Eye Hospital (IRB No. N-1807-001-999), and the study 

was conducted in accordance with the tenets of the Decla-
ration of Helsinki. Informed consent was obtained from all 
study participants.

All subjects received an ophthalmologic examination to 
rule out ophthalmic diseases, and the same experienced op-
erator conducted spectral-domain OCT and OCTA with an 
dilated pupil five times in a day at 2-hour intervals (9:00 a.m., 
11:00 a.m., 1:00 p.m., 3:00 p.m., and 5:00 p.m.).

For OCT, high-quality horizontal and vertical line scans 
involving the fovea were performed at the same site in EDI 
mode with the eye tracking system, based on the 9 a.m. scan. 

Figure 1. Example of choroidal and choriocapillaris thickness mea-
surement.

Figure 2. Examples of choriocapillaris flow area measurement (di-
ameter: 1, 3, 6 mm).
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Subfoveal choroidal thickness was the distance between 
vertical caliper lines drawn at the hyperreflective retinal 
pigment epithelium (RPE) line under the fovea and the cho-
roid-scleral junction, measured with manual calipers using 
proprietary software (Heidelberg Eye Explorer; Heidelberg 
Engineering, Heidelberg, Germany) (Fig. 1). Subfoveal cho-
riocapillaris thickness was the distance between the RPE 
line under the fovea and the upper border of Sattler’s layer 
measured with the same method (Fig. 1).

OCTA scanning was done with the split-spectrum ampli-
tude-decorrelation angiography algorithm (SSADA), and the 
flow area of the choriocapillaris was measured in 1-, 3-, and 
6-mm diameter areas centered on the fovea in the B-scan 
through autosegmentation of the installed program (Fig. 2). 
In all subjects, the axial length (IOL Master 500; Carl Zeiss 
Meditec, Dublin, CA, USA) and refractive error (Autorefrac-
tor KR-800A; Topcon, Oakland, CA, USA) were measured 
before the first OCT and OCTA scan. Two independent 
vitreoretinal specialists (S.S and Y.S.Y) carried out the mea-

surements without knowledge of the subject's information. 
To assess intraobserver variability, each examiner performed 
three repeated measurements on one subject. No statistically 
significant difference was observed among these measure-
ments (p > 0.05).

For statistical analysis, repeated-measures ANOVA was 
performed with IBM SPSS for Windows (version 21.0; SPSS 
Inc., Chicago, IL, USA), and p < 0.05 was considered statis-
tically significant.

Results

A total of 30 eyes (15 patients: 7 males, 8 females) were 
enrolled. The mean age was 26.58 ± 5.27 years (range: 21-
38 years). The mean systolic blood pressure right before the 
first OCT and OCTA scan was 112.11 ± 6.51 mmHg (range: 
104-129 mmHg), and the mean diastolic blood pressure was 
71.44 ± 4.94 mmHg (range: 63-82 mmHg). The mean axial 
length was 24.42 ± 0.95 mm (range: 23.00-26.89 mm), and 
the mean spherical equivalent was -2.49 ± 2.08 D (range: 
-6.75 to +0.5 D) (Table 1). The mean baseline subfoveal cho-
roidal thickness measured at 9:00 a.m. was 311.31 ± 97.41 
μm (range: 140-465 μm), and the mean baseline subfoveal 
choriocapillaris thickness was 15.13 ± 1.09 μm (range: 13.00-
17.00 μm) (Table 2).

The subfoveal choroid was thickest at 9:00 a.m. (311.31 
μm), and the thickness decreased linearly and gradually 
with time, reaching a minimum thickness of 266.75 μm at 
5:00 p.m. The mean diurnal variation was 44.56 ± 19.88 μm 
(range: 17-71 μm), which was a significant difference (p < 
0.001) (Table 2).

The subfoveal choriocapillaris thickness was also ana-
lyzed. The mean choriocapillaris thickness measured at 9:00 

Table 1. Demographics of participants

Value

Sex (male:female) 15 patients (7:8)

Age (years) 26.58 ± 5.27 (21-38)

Axial length (mm) 24.42 ± 0.95 (23.00-26.89)

Spherical equivalent (D) -2.49 ± 2.08 (-6.75 to +0.5)
Blood pressure (mmHg)

SBP 112.11 ± 6.51 (104-129)
DBP 71.44 ± 4.94 (63-82)

Values are presented as mean ± standard deviation (range) unless 
otherwise indicated.
SBP = systolic blood pressure; DBP = diastolic blood pressure.

Table 2. Diurnal variation in the choroidal and choriocapillaris thickness and choriocapillaris flow area

9:00 a.m. 11:00 a.m. 1:00 p.m. 3:00 p.m. 5:00 p.m. p-value*

Choroidal thickness (μm) 311.31 299.81 291.38 281.06 266.75 < 0.001

Choriocapillaris thickness (μm) 15.13 15.25 15.13 15.19 15.00 0.694

Choriocapillaris flow area (diameter) (mm2)

1 mm 0.46 0.45 0.45 0.46 0.45 0.238

3 mm 4.26 4.22 4.22 4.21 4.19 0.230

6 mm 17.11 16.96 16.93 16.89 16.78 0.062

*p < 0.05 was considered statistically significant.
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a.m. was 15.13 ± 1.09 μm (range: 13-17 μm), at 11:00 a.m. 
was 15.25 ± 1.29 μm (range: 13-18 μm), at 1:00 p.m. was 
15.13 ± 1.36 μm (range: 12-17 μm), at 3:00 p.m. was 15.19 ± 
1.33 μm (range: 12-17 μm), and at 5:00 p.m. was 15.00 ± 0.97 
μm (range: 13-17 μm). These measurements did not vary sig-
nificantly (p = 0.694) (Table 2). The diurnal variation from 
baseline values correlated significantly with axial length 
(Pearson correlation coefficient -0.572, p < 0.001), refractive 
error (spherical equivalent) (Pearson correlation coefficient 
0.638, p < 0.001), and systolic blood pressure (Pearson cor-
relation coefficient 0.602, p = 0.024) (Table 3).

The mean baseline flow area of the subfoveal choriocapil-
laris measured by OCTA was 0.45 ± 0.03 mm2 (range: 0.37-
0.51 mm2) (p = 0.238) in a 1-mm area centered on the fovea, 
4.22 ± 0.11 mm2 (range: 3.90-4.46 mm2) (p = 0.230) in a 
3-mm area, and 16.94 ± 0.42 mm2 (range: 15.70-17.78 mm2) 
(p = 0.062) in a 6-mm area, exhibiting no significant diurnal 
variation (Table 2).

Discussion

As previously reported, diurnal variation occurs in normal 
eyes, in which the subfoveal choroid is thickest in the morn-
ing and decreases significantly and linearly over time. The 
same pattern was observed in the present study. The subfo-
veal choriocapillaris thickness and choriocapillaris flow area 
remained constant from morning through afternoon [11].

In a study conducted by Kim et al. [17], the mean subfo-
veal choroidal thickness was 307.26 ± 95.18 μm in healthy 
Koreans with a mean age of 40.18 ± 17.89 years, showing 
a significant positive correlation with refractive error and 

a significant negative correlation with age. In the present 
study, the mean subject age was 26.13 ± 5.24 years (range: 
21-38 years). The subjects had a subfoveal choroidal thick-
ness of 290.06 ± 90.92 μm, which is similar to the mean 
subfoveal choroidal thickness of 287 ± 76 μm reported in a 
Western population and lower than the 354 ± 111 μm report-
ed in a Japanese population [2,18].

Tan et al. [11] reported that diurnal variation in subfoveal 
choroidal thickness differed depending on the region. The 
variation differed significantly according to baseline subfo-
veal choroidal thickness, while age, axial length, refractive 
error, and change in systolic blood pressure were significant-
ly correlated with the range of diurnal variation in thickness. 
In the present study, the baseline subfoveal choroidal thick-
ness was significantly positively correlated with the range of 
diurnal variation, while baseline values differed significantly 
depending on axial length, refractive error, and change in 
systolic blood pressure.

Almeida et al. [9] analyzed choriocapillaris thickness by 
position in healthy subjects and patients with intermediate 
AMD, and it was significantly thicker in patients with AMD. 
Choriocapillaris was also significantly thinner in the supine 
position than in the seated position [9]. These results vali-
date the observation that both choroidal and choriocapillaris 
thicknesses are affected by various conditions. Therefore, 
the present study analyzed diurnal variation in subfoveal 
choriocapillaris thickness in healthy subjects and confirmed 
that it was constant, exhibiting no significant difference from 
the baseline measured at 9:00 a.m.

The present study also analyzed diurnal variation by mea-
suring the flow density of the choriocapillaris with OCTA. 
Al-Sheikh et al. [15,16] reported choriocapillaris flow char-
acteristics by analyzing the grey value with Image J software 
(National Institute of Health, Bethesda, MD, USA). Chorio-
capillaris flow was quantified a swept-source OCTA device 
(DRI OCT Triton; Topcon, Tokyo, Japan) in healthy individ-
uals. In addition, Wang et al. [19] quantified vessel density 
by measuring choriocapillaris vessel diameter and pixel den-
sity after randomly selecting 57 areas in a 1-mm-diameter 
circle and 155 areas in a 3-mm-diameter circle centered on 
the fovea in healthy eyes. We measured the autosegmenta-
tion of the choriocapillaris and its flow area in healthy indi-
viduals by using the software installed in the swept-source 
OCTA device (Avanti RTVue XR; Optovue Inc., Fremont, 
CA, USA). As a result, the choriocapillaris flow areas calcu-

Table 3.  Factors affecting diurnal variation in choroidal thickness

Variation in choroidal 
thickness (μm)

p-value*

Axial length (mm) < 0.001

≤ 23.5 43.4

> 23.5 21.6

Spherical equivalent (D) < 0.001

> -0.5 41.7

≤ -0.5 13.5

*p < 0.05 was considered statistically significant.
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lated in 1-, 3-, and 6-mm-diameter circles were maintained 
without significant change from the flow area measured at 
9:00 a.m.

The limitations of the present study are as follows. The 
sample size was small, the age range was limited to young 
subjects, and diurnal variation in the choroid and chorio-
capillaris according to age could not be analyzed. We did 
not analyze the effects on choroid and choriocapillaris that 
could occur due to sustaining an upright position for a day. 
Moreover, choroidal and choriocapillaris thicknesses were 
measured only at one point in the subfoveal area; thus, the 
change in overall choroidal vasculature could not be as-
sessed. In addition, since the analysis was performed based 
on measurements done five times in a day, the change at time 
points other than the measurement time points could not be 
analyzed, and hormonal changes (e.g., menstruation) that are 
considered to affect the choroid were not analyzed. Spectra-
lis OCT scanning generates 40,000 A-scans/second with an 
axial resolution of 3.5 μm/pixel digital and a transverse reso-
lution of 14 μm [20]. The average choriocapillaris thickness 
in this study was 15.14 μm. The minimum thickness was 
13.00 μm, and the maximum thickness was 17.00 μm accord-
ing to measurement time. Confirming that the change over 
time does not meet the axial resolution of OCT is difficult. 
However, this effect would not explain the statistically sig-
nificant differences. As autosegmentation was performed by 
software installed in OCTA to analyze the choriocapillaris 
flow area, segmentation errors may have occurred, and some 
low flows might have not been measured due to the OCTA 
algorithm itself, to remove the projection artifact.

The present study, however, provides comparison criteria 
for diseased eyes because normal choroidal and chorio-
capillaris thicknesses and choriocapillaris flow areas were 
analyzed. These measurements are considered to play an 
important role in the pathophysiology of various ophthalmic 
diseases. In addition, the choriocapillaris thickness and flow 
area were constant, unlike choroidal thickness, which sug-
gests a physiological role of the choriocapillaris for constant-
ly supplying oxygen and nutrients to the outer retina.

In conclusion, the present study is significant in that it 
analyzed diurnal variation in choroidal and choriocapillaris 
thickness and choriocapillaris flow simultaneously in young 
healthy subjects. It also suggested the structural importance 
of the choriocapillaris because the choriocapillaris thickness 
and flow were constant.
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