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Purroske. Studies report conflicting findings regarding choroidal thickness changes in
response to myopic defocus in humans. This study aimed to investigate the choroidal
response to myopic defocus in children and adults using automated analysis.

MEeTHODS. Participants (N = 46) were distance-corrected in both eyes and viewed a movie
on a screen for 10 minutes. Two optical coherence tomography (OCT) radial scans were
collected for each eye, then +3 diopters was added to one eye. Participants continued
to watch the movie, OCT scans were repeated every 10 minutes for 50 minutes, and
then recovery was assessed at 60 and 70 minutes. Defocus was interrupted for approxi-
mately two out of each 10 minutes for OCT imaging. OCT images were analyzed using an
automated algorithm and trained neural network implemented in MATLAB to determine
choroidal thickness at each time point. Repeated-measures ANOVA was used to assess
changes with time in three age groups (6-17, 18-30, and 31-45 years) and by refractive
error group (myopic and nonmyopic).

Resurts. Choroidal thickness was significantly associated with spherical equivalent refrac-
tion, with the myopic group having a thinner choroid than the nonmyopic group
(P < 0.001). With imposed myopic defocus, there were no significant changes in choroidal
thickness at any time point for any age group and for either refractive error group
(P > 0.05 for all).

Concrusions. Findings demonstrate that, using the described protocol, the choroidal
thickness of children and adults does not significantly change in response to short-term,

full-field myopic defocus, in contrast to several previously published studies.
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he prevalence of myopia has been increasing in chil-

dren and adults, with estimates predicting that 50% of
the world population will be myopic by 2050 and 9.8% of
the population will be highly myopic.! There is significant
interest in developing strategies for myopia control to slow
progression and reduce associated pathology because any
degree of myopia carries increased risk of retinal degenera-
tion,? glaucoma,? cataract,’ and retinal detachment.> Myopia
represents a significant socioeconomic burden because
of loss of productivity.® By reducing the prevalence and
progression of myopia, significant reductions in the socioe-
conomic burden and improvements in quality of life can
be achieved. Optical treatments to slow myopia progression
include bifocal and progressive addition spectacles, orthok-
eratology contact lenses, and soft multifocal lenses.”® New
spectacle lens designs have recently been introduced that
incorporate integrated lenslets of aspheric or plus power in
the midperiphery of the lens.”!* These treatments induce
myopic defocus in the midperipheral and peripheral retina
and result in slowed axial elongation. Although the mecha-
nism of action has not been fully clarified, myopic peripheral
defocus, when presented simultaneously with an in-focus
image plane, is hypothesized to provide a stop signal for
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eye growth. The choroid may be a potential mediator in
this pathway. However, there have been conflicting results
regarding choroid effects in children undergoing myopia
control. For example, after orthokeratology, one study found
no significant changes in choroid thickness!! and another
study reported choroidal thickening.!? Additionally, a recent
study showed there were no significant changes in choroidal
thickness in adults wearing multifocal center distance or
center near lenses for 30 minutes.'?

The choroid may play a significant role in myopia devel-
opment and in myopia control. In young animals under-
going experimental myopia, including chicks,'*!> guinea
pigs,!® tree shrews,'” and marmoset'® and rhesus monkeys,"
defocus-induced choroidal changes precede longer term
changes in ocular growth.'®'* As the choroidal thickness
changes, the photoreceptors are brought closer to the image
plane. For example, hyperopic defocus induced by full-field
minus powered lenses results in choroidal thinning and
ultimately, longer-term increases in axial growth.'*'° The
rapid, bidirectional response of the choroid may be one
of the first steps in the signaling cascade that ultimately
leads to alterations in scleral remodeling and growth rate.
Similarly, in young adults, the choroid has been shown to
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respond within two minutes of imposed defocus, and upon
removal of the defocus, the choroid returns to baseline.?* Of
note, experiments in animal models are performed during
the rapid emmetropization phase, when the eye can most
robustly adjust growth to compensate for defocus. On the
other hand, investigations of choroidal thickness changes in
humans take place after the rapid emmetropization phase
(i.e., greater than three years of age). It is possible that
the choroid is under different control in these two circum-
stances. Indeed, the role of the choroid in human myopia has
yet to be elucidated. It has been hypothesized that thinning
of the choroid leads to scleral hypoxia, which may contribute
to myopia development.?!

The mechanism of choroidal modulation in response to
defocus is not well understood. The choroid is a dynamic
vascular structure that supplies nutrients and oxygen to
the outer retina and sclera. Changes in choroidal thickness
due to defocus have been suggested to be mediated by
changes in blood flow,** altered tonus of the nonvascular
smooth muscle of the choroid,?® and, particularly in chicks,
changes in size of lacunae.?>** However, in humans, tran-
sient defocus-induced choroidal thickness changes reported
in previous studies are small, on the order of 5 to 20 um,?>2¢
and therefore difficult to precisely quantify given the resolu-
tion of modern instrumentation. Furthermore, several stud-
ies have reported that no significant changes in the choroid
were observed with myopic defocus'®2%?” or that choroidal
thickening only occurs in emmetropic but not myopic eyes.?®

Most commonly, choroidal thickness is quantified from
optical coherence tomography (OCT) imaging using manual
segmentation of the choroid/sclera border.? Choroidal
thickness changes can also be indirectly observed from
axial length changes. For example, instruments using optical
coherence biometry, such as the LenStar biometer (Haag-
Streit AG, Koeniz, Switzerland), measure axial length from
the cornea to the retinal pigment epithelium. Therefore it
may be inferred that a transient decrease in axial length
corresponds to an increase in choroidal thickness, and vice
versa. Contributing to challenges in accurately quantifying
short-term changes in choroidal thickness include the many
other physiological and environmental factors that have
been shown to influence the choroid, such as diurnal varia-
tion*3! and light exposure.?> Diurnal changes in choroidal
thickness are characterized by thinning until midday and
thickening throughout the night, in an antiphase relation-
ship with axial length diurnal variation.>' Light exposure
may confound choroidal thickness measurements, as studies
suggest that the choroid is sensitive to ambient illumination
and spectral composition of light.>3-35

This study aimed to assess the response of the choroid
to myopic defocus using controlled experimental conditions
and objective image analysis techniques. Age and refractive
error group effects were assessed. These findings may help
better understand the role of the choroid in response to
optical-based myopia treatments in children.

METHODS
Participants

Participants between the ages of 6 to 45 years were recruited
and were classified as children (ages 6 to <18 years), young
adults (18 to 30 years), or older adults (>30 to 45 years).
Participants were screened to ensure good ocular health. All
participants had best-corrected monocular visual acuity of
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20/25 or better with habitual correction. Exclusion criteria
were a history of ocular disease or trauma. The study was
approved by the institutional review board at the Univer-
sity of Houston and procedures followed the tenets of the
Declaration of Helsinki. All participants provided informed
consent or parental permission and children’s assent after
the nature of the study was explained.

Protocol

Each session began between 8:00 AM and 9:30 AM to mini-
mize effects of diurnal variations in choroidal thickness.
Participants were asked to refrain from caffeine and vigor-
ous exercise prior to the experiment because previous stud-
ies suggest these variables may affect choroidal thickness.”
The experimental protocol is shown in Figure 1. Participants
first underwent biometry and autorefraction measurements.
Axial length was measured in both eyes using a noncon-
tact low-coherence optical biometer (LenStar, Haag-Streit,
Koniz, Switzerland). Five measurements were collected and
averaged for each eye. Then, noncycloplegic refractive error
was measured in both eyes using an open-field autorefractor
(WAM-5000; Grand Seiko, Hiroshima, Japan). Five measure-
ments were collected, and the average was used to deter-
mine spherical equivalent refractive error (SER) for each
eye. Participants were classified as nonmyopic (SER > —0.50
diopters [D]) or myopic (SER < —0.50 D) based on the SER
of the right eye.

For baseline and recovery, participants wore a trial frame
that held their distance correction plus an additional +-0.5 D;
the +0.5 D accounted for the 2 m viewing distance of the
projector screen. The screen was 2.1 m wide x 1.2 m tall
and subtended a horizontal and vertical field of view of
56° x 34°, respectively. The luminance of the screen was
approximately 150 cd/m? (Luminance Meter LS-110; Konica
Minolta, Tokyo, Japan). Before the first measurement, partic-
ipants underwent a distance viewing period of 10 minutes
to standardize the conditions under which the choroid was
imaged. During this time, participants sat quietly and viewed
a movie of their choice under controlled laboratory illumi-
nation of approximately 5 lux (LX1330B Digital Illuminance
Light Meter; Shenzhen Thousandshores Technology, Shen-
zhen, China). The movie was projected in black and white
to avoid any confounding factors related to spectral compo-
sition. The participants sat in a rolling chair to minimize
movement required to transition between instruments.

After 10 minutes, optical coherence tomography (OCT,
Spectralis; Heidelberg Engineering, Heidelberg, Germany)
was used to collect baseline images of each eye. For OCT
imaging, participants briefly removed the trial frame and
looked into the OCT instrument. Two high resolution, six
line 30° radial scans, centered on the fovea and with
enhanced depth imaging, were acquired (Fig. 2A). For noise
reduction, B-scan averaging was set at 16 frames, and scans
with less than 24 dB quality were repeated. The OCT images
acquired had a digital resolution of 3.5 pm/pixel axially, and
transverse scaling was calculated based on ocular biome-
try. The experimental eye was always imaged first, as it has
been suggested that choroid effects could be transient and
dissipate after a few minutes. The scans took less than two
minutes for both eyes in total.

The trial lens over the experimental eye was then
replaced with a lens power that included an additional
+3.5 D over the distance correction, 3 D of myopic defocus
and 0.5 D to compensate for the 2 m viewing distance. The
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Figure 1. Protocol. OCT imaging (eye icon) was performed before and every 10 minutes after monocular imposed myopic defocus for
50 minutes, and then recovery was measured for 20 minutes. For OCT imaging, participants removed the trial frame and looked into the
OCT instrument, then replaced the trial frame and again viewed the movie after the scans were captured. Therefore defocus was interrupted

for approximately two out of each 10 minutes for OCT imaging.

FIGURE 2.

participant continued to watch the movie, and OCT imaging
was repeated for each eye every 10 minutes, as described
above, for a total of 50 minutes. Following the 50 minute
scans, the +3 D defocus was removed from the experimen-
tal eye and distance correction (plus +0.5 D) was replaced.
Participants continued to watch the movie and final OCT
images were collected at 60 and 70 minutes to assess recov-
ery. During each 10 minute distance viewing period, the
experimenter was in the room and ensured that the partici-
pant was watching the screen and not performing any near
work.

OCT images were exported as “*vol” files3® B-scans
were compensated for light attenuation to enhance the
choroid/sclera border.3” The inner limiting membrane was
segmented automatically by the Spectralis software. B-scans
were further segmented using a neural network to iden-
tify the Bruch’s membrane and choroid/sclera boundary
(Fig. 2B). The neural network was trained using 10,798
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Bruch’s membrane

(A) Representative infrared fundus image showing the OCT scan protocol (green) and (B) segmentation, including the inner
limiting membrane (yellow), Bruch’s membrane (blue), and choroid/sclera border (red).

manually segmented B-scans, on a Deeplabv3+® network
based on a ResNet50,*° to an accuracy of 99.25% and loss
of 0.0229. For accuracy each segmented scan was manually
inspected and corrected for errors. The average thickness in
the 1-mm diameter region centered at the fovea for the six
lines of each radial scan was calculated.

Data Analysis

Within-session repeatability of the automated choroid
segmentation was assessed using Bland-Altman analysis of
the two right eye scans collected at baseline for each partic-
ipant, and sample size calculations were carried out in
MedcCalc (Ostend, Belgium). Statistical analysis was carried
out in SPSS version 29 (IBM, Armonk, NY, USA). Data are
presented as mean =+ standard error of the mean unless
otherwise noted. Spherical equivalent refractive error, axial
length, and baseline choroidal thickness between right and



Investigative Ophthalmology & Visual Science

Myopic Defocus and Choroidal Thickness

left eyes were assessed with paired #-tests. Baseline differ-
ences between age groups for spherical equivalent refractive
error, axial length, and choroidal thickness of right eyes were
assessed with one-way ANOVA and between refractive error
groups using unpaired t-tests. To assess the effects of monoc-
ular myopic defocus on the choroid, changes in choroidal
thickness over the 70-minute period were calculated for
each eye. A repeated measures ANOVA with two within-
subjects factors (condition [defocus or no defocus] and time
[in 10-minute intervals]) and one between-subjects factor
(age group) was carried out. Post-hoc pairwise comparisons
with Bonferroni correction were performed for any variables
with significant main effects and interactions. Pearson corre-
lation was used to assess choroidal thickness changes with
spherical equivalent refractive error and axial length. Differ-
ences were considered significant for P < 0.05.

REsuLrs
Participants

Forty-eight participants were enrolled in the study. OCT
scans were missing at some time points for two participants,
a six-year-old and a 32-year-old. This may have been due
to OCT images not being saved appropriately. Therefore 46
participants were included in the analysis. Participant demo-
graphics are shown in Table 1. Mean age was 25.4 £+ 11.2
years and included 23 females and 23 males. Spherical equiv-
alent refractive error (P = 0.44), axial length (P = 0.22),
and choroidal thickness (P = 0.64) were not significantly
different between right and left eyes. Mean standard devia-
tion of the five axial length measurements for right eyes of
each participant was 0.016 £ 0.01 mm. For the entire group,
mean spherical equivalent refractive error of right eyes was
—1.27 £ 2.11 D (range —7.30 to +2.07 D) and mean axial
length was 24.21 £ 1.23 mm (range 21.29-27.08 mm). Two-
way ANOVA showed that baseline choroidal thickness was
significantly thinner in the myopic group compared to the
nonmyopic group (P = 0.001). Post-hoc pairwise compar-

TaBie 1. Participant Demographics (Mean + SD)
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Ficure 3. Baseline choroidal thickness (mean £ SD) of right eyes
by age group and refractive error group, *P < 0.05 for post-hoc
pairwise comparisons between refractive error groups.

isons showed that the difference in baseline choroidal thick-
ness was significantly different between the myopic and
nonmyopic groups for older adults (P < 0.01). There were
no significant differences in baseline choroidal thickness
between age groups (P = 1, Fig. 3).

Of the 4416 images that were segmented automati-
cally and manually inspected, choroidal thickness for one
scan was identified as an outlier, and four scans required
manual correction. Bland-Altman analysis for within-session
repeatability of choroidal thickness is shown in Figure 4. The
mean time between scans 1 and 2, as taken from the time
stamp on the OCT instrument, was 30.9 &+ 14.2 seconds. The
mean difference (& standard deviation) between scans was
—1.17 £+ 10.79 pm (95% confidence interval from —3.42 to
1.08 pm); the mean difference was not statistically significant
from zero (P = 0.30). Upper and lower limits of agreement
were 19.98 and —22.33 pm, respectively. Given the mean
difference of 1.17 pm and standard deviation of 10.79 pm,
sample size to detect a 10 nm effect with 0.05 alpha and
80% power is N = 14. Therefore sample size here is suffi-

All Participants Children Young Adults Older Adults
(N = 46) N =15) (N = 16) (N =15)
Age (years) 254 + 11.2 12.1 + 2.3 26.0 £ 2.2 38.0 £ 5.5
Sex
Male 23 7 8 8
Female 23 8 8 7
Refractive error group
Nonmyopes 23 9 7 7
Myopes 23 6 9 8
Spherical equivalent refractive error (D)
oD —1.27 £ 2.11 —0.86 £+ 2.15 —1.48 £+ 2.20 —1.46 £ 2.07
(o) —1.32 £ 2.13 —0.88 £+ 2.32 —1.66 £+ 2.22 —1.42 + 1.88
P value 0.44 0.93 0.08 0.75
Baseline axial length (mm)
OD 2421 + 1.23 23.61 + 1.35 24.56 + 1.13 24.42 + 1.04
(o) 24.17 £ 1.25 23.54 £ 1.37 24.57 £1.13 24.37 £+ 0.96
P value 0.22 0.26 0.82 0.33
Baseline choroidal thickness (um)
OD 355 + 79 350 + 51 360 + 95 353 + 88
oS 351 + 80 352 + 73 360 + 82 342 + 90
P value 0.58 0.80 0.98 0.33

P values are for paired #-tests for right and left eyes.
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Ficure 4. Bland-Altman analysis for assessment of within-session
repeatability for choroidal thickness. Solid red line represents the
mean difference between the two scans collected at baseline for
each participant; dashed red line represents the limits of agreement,
and blue lines represent the inner and outer 97.5% confidence limits
for the limits of agreement.

cient to examine age group and refractive error group differ-
ences. The full sample size of 46 is sufficient to detect a
5 um effect of defocus with 0.05 alpha and 85% power. Addi-
tionally, repeatability was assessed by comparing the two
consecutive scans at each time point for each participant. In
assessing 735 pairs, the mean absolute difference between
the two scans was 6.7 + 6.6 pm. Of the 735 pairs, 31 (4.2%)
had a difference greater than 20 ym and 12 (1.6%) had a
difference greater than 30 pm.

Defocus Effects

Choroidal thickness and choroidal thickness change for each
time point are shown for all participants in Figure 5. For
the entire population, there was no main effect of condi-
tion (experimental versus control) by time over 70 minutes,
which included 50 minutes of +3 D monocular defocus in
the experimental eye, then 20 minutes of recovery (F(7, 315)
= 0.94, P = 0.47); that is, choroidal thickness did not signif-
icantly change over the 50 minutes of defocus or 20 minutes
of recovery for either eye. When age group was considered
(children, young adults, older adults), there were also no

A

+3D monocular defocus recovery

370 4

360 -
350 8
340 -
330 -

320 A

Choroidal Thickness (um)

310 4 —@—Control Eye
—O—Experimental Eye

300

0 10 20 30 40 50 60 70
Time (minutes)

FIGURE 5.
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significant changes in choroidal thickness over time (F(2,
43) = 1.62, P = 0.21).

An additional analysis was performed to examine data
from participants in which the two OCT scans at each time
point were within 20 pm for all eight time points of both
eyes. For this subset of 35 participants, there was also no
main effect of condition by time, i.e. the two eyes were
not significantly different over the experimental period (F (7,
238) = 0.53, P = 0.81).

Refractive error group characteristics are shown
in Table 2. Twenty-three participants were classified as
nonmyopic, with SER of +0.31 £+ 0.58 D in the right eye
and 0.27 £ 0.65 D in the left eye, and 23 participants were
myopic, with SER of —2.85 £ 1.89 D in the right eye and
—2.91 + 1.88 D in the left eye. SER and axial length of right
eyes were significantly different between groups (P < 0.001
for both), and baseline choroidal thickness was significantly
greater in the nonmyopic group (390 £+ 65 pm) than the
myopic group (318 £ 76 pm, P = 0.001). Similar to the
whole population, there were no significant changes in
choroidal thickness over time from baseline or between
experimental and control eyes for either refractive error
group (F(7, 308) = 0.88, P = 0.52).

Choroidal thickness changes were further examined by
spherical equivalent refractive error and by axial length
using Pearson correlations. There were no significant corre-
lations with spherical equivalent refractive error (r = 0.11,
P = 0.44) or axial length (» = —0.14, P = 0.35).

Discussion

This study aimed to investigate age-related and refractive
error group effects of 50 minutes of optically induced full-
field myopic defocus on choroidal thickness. Our findings
demonstrate that the choroid of children and adults, whether
nonmyopic or myopic, does not significantly change in
response to short duration full-field myopic defocus as
measured in our sample using the described protocol.
Several studies have demonstrated that the choroid in
young adults thickens when exposed to short-term myopic
defocus (or, correspondingly, that axial length decreases);
however, several studies report no significant choroidal
thickness or axial length changes to myopic defocus.
See Table 3 for a summary of the literature. Chiang et al.*!

B

+3D monocular defocus recovery

< > < >

| —@—Control Eye
—O—Experimental Eye

Change in Choroidal Thickness
um
N

0 10 20 30 40 50 60 70
Time (minutes)

(A) Choroidal thickness and (B) change in choroidal thickness over time for control eyes (filled symbols) and experimental eyes

(open symbols) for all participants (N = 46); red dashed line represents zero change.
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TaBLE 2. Participant Demographics (Mean + SD) for the NonMyopic (N = 23) and Myopic (N = 23) Groups

NonMyopes (N = 23)

Age (years)

Sex
Male 11
Female 12
Spherical equivalent refractive error (D)
OD +0.31 + 0.58
(o) +0.27 + 0.65
Baseline axial length (mm)
OD 23.54 £ 0.89
(o] 23.47 £+ 0.92
Baseline choroidal thickness (um)
OD 390 + 65
(o) 393 £ 59

23.1 £+ 10.9 (8-44)

Myopes (N = 23) P
27.7 £ 11.2 (11-45) 0.16
0.76"
12
11
<0.001"
—2.85 + 1.89
—2.91 + 1.88
<0.001"
24.87 + 1.17
24.87 + 1.15
0.001"
318 + 76
310 + 78

" Unpaired t-tests between groups
T %2 test.

reported approximately 20 um of choroidal thickening
with +2 D myopic defocus at 60 minutes in both myopic
and nonmyopic young adults. Similarly, Read et al.*> and
Delshad et al.* reported an 8 to 13 pm decrease in axial
length following 40 to 60 minutes of +3 D myopic defo-
cus in both myopic and emmetropic young adults; it is
assumed that transient decreases in axial length correspond
to increases in choroidal thickness. However, another study
by the same group reported no significant change in axial
length after 60 minutes of +3 D myopic defocus.? Interest-
ingly, Swiatczak and Schaeffel®® reported that the choroidal
response to myopic defocus occurred only in emmetropic
individuals and not in myopic individuals. Specifically, the
study found that emmetropic eyes experienced an decrease
in axial length of 9 pm with +2.5 D defocus, whereas myopic
eyes experienced an increase in axial length of 9 ym. The
source of conflicting findings is unclear, although there is a
wide variation in experimental protocols and analysis meth-
ods across studies. As shown in Table 3, some authors used
a cold mirror to simultaneously measure choroidal thickness
while the participant still viewed the defocused target. It is
possible that, had a cold mirror setup been used here rather
than removing the defocus lenses for OCT imaging, a signifi-
cant change may have been observed. Additionally, there are
differences between studies regarding segmentation tech-
niques (manual vs. semi-automated vs. fully automated).

To date, only one study has reported this transient
phenomenon in children. Wang et al.*3 showed that myopic
schoolchildren exposed to +3 D myopic defocus demon-
strated a significant decrease in axial length and significant
thickening of the choroid thickening of approximately 5 pm
compared to control eyes. However, this thickening was only
observed after two hours of exposure and not at one hour.
The current study found no effect of myopic defocus after
50 minutes for either adults or children, whether myopic or
nonmyopic. Future studies should consider longer exposure
periods to better understand the response of the choroid to
defocus.

The choroid is suggested to be highly dynamic, respond-
ing quickly to a variety of physiological and optical stimuli.?®
Changes can be transient and small in amplitude relative to
the total thickness of the choroid. Previous studies report an
average choroidal thickness of about 200 to 400 pm, depend-
ing on age and refractive error.*->* In the current study,
mean baseline choroidal thickness (355 £ 79 pm for right
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eyes) was similar to ranges reported in previous studies.
Additionally, as reported previously,>® there was a significant
difference in baseline choroidal thickness between refrac-
tive error groups, with the myopic group having a thinner
choroid than the nonmyopic group.

Because the choroid undergoes diurnal changes in thick-
ness, the time of day when experiments are conducted
must be controlled for' The current study was carried
out between 8:00 AM and 11:00 AM. The normal diur-
nal variation would predict a modest choroidal thinning of
approximately 5.0 pym over this three-hour observational
period.?! Over the 70 minutes in which choroidal thick-
ness was measured here, a trend in both eyes for choroidal
thinning was evident, although not statistically significant.
Considering diurnal variations, a previous study found that
the choroidal response to defocus varies with the time of
day that the defocus is imposed.®®>® A study in young
adults showed that myopic defocus caused greater choroidal
thickening when imposed in the evening compared to the
morning.*® The authors suggested that a potential interac-
tion between the eye’s diurnal rhythms and visual signals
exists. In the current study, the choroid response to defo-
cus was only measured in the morning. Therefore, if the
response is attenuated in the morning, as the previous study
suggested, this may explain why a significant thickening was
not observed. Future studies with imposed defocus at differ-
ent times of the day and for various durations may provide
insight into when myopic defocus may be more effective at
inducing choroidal thickness changes.

Measuring choroidal thickness changes can be challeng-
ing, given that choroidal thickness changes to imposed defo-
cus, when observed, have been on the order of only 5 to
20 pm 41434457 We aimed to minimize confounding vari-
ables that might affect choroidal thickness to investigate
changes that are due only to optical defocus. Short-term vari-
ables, such as time of day,3! caffeine intake,’®> exercise,®
intensity and spectral composition of light,’?3% and accom-
modation,®" have been shown to effect choroidal thickness.
Furthermore the choroid undergoes pulsatile changes in
thickness associated with heartbeat that add to variation
when capturing static images.®? Time of day can account for
up to 30 um of change in choroidal thickness! so all data
collection was restricted to 8:00 AM to 11:00 AM. Chrono-
type of each participant was not measured and therefore
may have contributed to slight variation in choroidal thick-
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ness. Some studies have shown that drinking a cup of coffee
can cause thinning of the choroid for up to four hours
after ingestion.>® Therefore we asked subjects to refrain
from caffeine-containing drinks and foods the morning of
the experiment. Exercise has also been shown to increase
choroidal thickness within five minutes.®® Participants were
asked to avoid vigorous physical activity the morning of the
experiment and to sit in a chair during the experimental
session. The OCT instrument was located directly next to the
participants, so that they stayed seated and simply rolled the
chair to the instrument at each time point. Ma et al.> showed
the choroid response to myopic defocus was present with
ambient illumination of 10 lux, but not with 1000 lux. There-
fore the lights were dimmed in the room to 5 lux, with the
projector screen providing the main source of illumination.
To minimize the effects of accommodation, subjects viewed
a distant target during the experiment and were asked to
avoid any near work during the session, including hand held
electronic devices, as a previous study showed that after
10 minutes of focusing on a 6 D stimulus for accommodation,
the choroid thinned by 5 pm subfoveally.® OCT images were
always collected for the experimental eye first, followed by
the control eye. On average, these measurements took no
more than two minutes. Despite using strictly controlled
protocols, no significant changes in choroidal thickness were
observed over the experimental session.

Speculation exists whether short-term choroidal thick-
ness changes are indicative of the treatment effect of opti-
cal control strategies for myopia in children. Current opti-
cal treatments of myopia include bifocal and progressive
addition lenses, soft multifocal lenses, orthokeratology, and
incorporated plus lenslets in spectacle lenses. Several stud-
ies have shown that these treatment lenses induce choroidal
thickening.**% One of the goals of the current study was
to replicate previous findings that myopic full-field defo-
cus induces choroidal thickening in children and adults
while carefully controlling for confounding factors and using
objective image analysis techniques. However, we failed to
observe choroidal thickening with myopic defocus. Not all
previously published studies have reported choroidal thick-
ening to 30 to 60 minutes full-field defocus. As discussed
above, Wang et al.® found a myopic-defocus induced
choroidal thickening in children only after two hours of
exposure but not after one hour. Kuombo et al.®® assessed
choroidal thickness in 10 adults after 30 minutes of full-field
myopic defocus, full-field hyperopic defocus, and a multi-
focal distance center contact lens with a 2.5 D add power.
The authors found a small increase in choroidal thickness
with full-field myopic defocus in the inferior field only, and
for the multifocal lens, a small increase in the superior field
only. In contrast to other studies, Swiatczak and Schaeffel®®
reported that axial length increased (rather than decreased)
with myopic defocus in myopic individuals, likely repre-
senting a thinning of the choroid. Another group reported
significant choroidal thickening to myopic defocus in some
studies,*2:%7 but not in others.?° The small and inconsistent
changes in the choroid with myopic defocus across stud-
ies may be due to variations in population characteristics,
protocols, and quantification methods and suggests that it is
difficult to elicit robust changes in the human choroid.

Limitations of the current study include the following.
The trial frame was removed to capture OCT images every
10 minutes, thereby interrupting the defocus. Although the
OCT imaging took less than two minutes, it is possible that
effects on the choroid may have started to dissipate. Cyclo-
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plegia was not used for refractive error measurement. This
was done to avoid confounding effects of antimuscarinic
agents on the choroid.? However, an open-field autorefrac-
tor with a distant target was used to minimize proximal
accommodation cues and to promote ciliary muscle relax-
ation. The order in which the eyes were measured was not
randomized. This was done so that the experimental eye
was always measured first and within the shortest amount of
time. Effects of defocus on the choroid were only measured
for 50 minutes, whereas longer exposures may be neces-
sary to observe significant changes in the choroid. Addition-
ally, only full-field defocus was investigated here; full-field
defocus is not reflective of partial defocus optical profile
used in current myopia treatments, such as bifocals, orthok-
eratology, and soft multifocal lenses. Finally, participants
watched a movie at a distance of 2 m during the experi-
mental session, which does not stimulate day-to-day habit-
ual viewing patterns of the near and distant visual envi-
ronment. Therefore these experiments performed in a labo-
ratory setting do not fully reflect real-world application of
defocus in myopia treatment.

In conclusion, this study showed that myopic and nonmy-
opic children and adults do not demonstrate transient
choroidal thickening in response to imposed myopic defo-
cus as evaluated in our lab. We controlled numerous
variables, including time of day, caffeine intake, physical
activity, ambient illumination, and viewing distance, and
objective automated choroid segmentation techniques were
used. These findings are in contrast with some previously
published reports and raise questions regarding the utility of
using choroidal thickness changes as a short-term biomarker
when evaluating potential efficacy of myopia control treat-
ments.
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