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Abstract

Purpose: To investigate the effect of short-term exposure to different levels of illumination upon Subfoveal Choroidal Thickness

(SFCT) in healthy young adults.

Materials and Methods: 30 young healthy adults were included in this study. Subjects were divided into 3 refractive groups
(myopes, emmetropes and hyperopes) and exposed to different levels of illumination. Choroidal Thickness (CT) was measured
using swept source optical coherence tomography before and after they were exposed to light and external source of heat.

Results: No significant change in CT was recorded after exposing the subjects to 4 different illuminations and this was the case
in all groups (p>0.05). In addition, there was no significant variation in CT with changes in luminance exposure (P>0.05).

Conclusion: Short exposure to different illuminations has no significant effect upon CT. Investigating changes in the choroid in
response to external factors such as long daily light exposure is recommended for future studies.
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Introduction

In modern life, exposure to increased luminance during the
hours of darkness is ever more common [1]. Excessive light expo-
sure before sleep through digital devices such as televisions, com-
puters and smartphones can be considered a type of light pollution
[1]. Several studies have examined the effect of abnormal patterns
of light exposure from light pollution on the human body and find
that exposure to high light levels during the period of natural dark-
ness has been linked with obesity [2], cancer [3] and depression
[4]. There is growing evidence from animal studies to suggest that
ambient light exposure may be an important environmental fac-
tor in the regulation of refractive development. Previous studies
showed that chicks raised in a normal visual environment with

average light intensity and a normal day/night cycle, had normal
eyes development towards emmetropia and show no or minimal
changes in the refractive status [5-7]. Other studies show that when
chicks are exposed to low intensity of light with a normal circadian
cycle, they developed myopia [8,9]. Furthermore, when chicks were
exposed to high intensity of light with a normal circadian cycle, they
developed hyperopia [9,10]. Exposure to high levels of illumination
seems to prevent the progression of form deprivation myopia in
rhesus monkeys [11] as well as chicks [12,13]. High levels of illu-
mination appear to slow myopia progression induced by negative
lenses in chicks [14]. In contrast, when myopia was induced by neg-
ative lenses in infant monkeys, high levels of illumination had no
significant effect on the development of myopia [15].
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A number of studies have been conducted to examine the in-
fluence of exposure to high levels of illumination in humans. One
study examined 101 school children, 41 myopes (-2.39£1.50D) and
60 non-myopes (+0.34+0.30D) measuring Axial Legnth (AL) at four
visits over a period of 18 months. The daily light exposure was ob-
tained from light sensors worn on the wrist. The study found a sta-
tistically significant relationship (p<0.05) between axial eye growth
and average daily light exposure, with AL growth being slower in
children exposed to a higher overall illumination (1455+317-lux),
whereas children who experienced lower levels of daily light expo-
sure (459+117-lux) showed significant increase (p<0.05) in axial
eye growth [16]. Another study examined 27 healthy myopic adults
(MSE=-3.15+2.00D). All subjects were exposed to 150-lux for 4
hours before sleep in the first 2 nights. Subsequently, subjects were
exposed to 1000-lux for 4 hours before sleep, on 5 consecutive
nights. The results revealed a significant reduction in SFCT from
268+57.10um in the first 2 nights to 245.00+52.84pm (p<0.05)
after subjects were exposed to the 1000lux intensity for the sub-
sequent five nights showing that CT can be altered by exposure to
bright light in the evening time [17]. SFCT was evaluated during
dark and light adaptation in twenty-four healthy adults. SFCT was
measured 3 times between 16:30pm and 17:30pm. The first read-
ing represented a baseline, and the second reading was obtained af-
ter 30 minutes of dark adaptation (0.0cd/m2), while the third read-
ing was obtained after 5 minutes of light adaptation (80cd/m2).

A significant increase (p<0.05) in SFCT was found af-
ter dark adaption with the post adaptation thickness being
392.10+100.90pum compared to the baseline of 369.90+93.30um,
indicating that CT becomes thicker in the dark. Furthermore, SFCT
returned to baseline values after light adaptation [18]. In Norway
for example (60° latitude North) where people are experiencing
low levels of daylight in autumn and winter, it was reported that
the overall prevalence of myopia (<-0.50D) was 13%, which is way
lower than in East Asian Countries [19]. Few reports in the litera-
ture can be found regarding the effect of exposure to different lev-
els of illumination on CT in human subjects. The aim of the current
study is to determine whether short-term exposure to different lev-
els of illumination affects the SFCT in healthy young adults.

Materials and Methods

Thirty young, healthy adults (10 myopic, 10 emmetropic, and
10 hyperopic) were recruited from a university population. The
age of the participants ranged between 18 and 28 years old (mean
+SD=21.70+2.29years). Refraction in the myopic group ranged be-
tween -2.00D and -5.00D (MSE+SD=-3.08+1.00D) and the mean age
was 22.70+3.46years. Refraction in the emmetropic group ranged
between 0.00D and +0.50D (MSE+SD=0.12+0.29D) and the mean
age was 21.30£0.67years. In the hyperopic group, refraction ranged
between +2.00D and+9.00D (MSE+SD=3.50£2.33D) with a mean
age of 21.10+1.66years. Subjects with any ocular or systemic pa-
thology, or astigmatism less than -1.25DC were excluded. All par-
ticipants had best corrected visual acuity of 6/6 or better in both
eyes. The experiment was approved by the local Ethics Committee
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and was conducted in accordance with the Declaration of Helsinki
for research involving human subjects and the current guidelines
of Good Clinical Practice. All participants completed a consent form
and were given information leaflets, after a verbal explanation
about the nature of the study and any possible consequences.

Instrumentation
Topcon SS OCT

CT was measured using Swept Source Optical Coherence To-
mography (SS OCT). The SS OCT (Topcon Inc, Tokyo, Japan) is a new
generation of high penetration OCT devices which use a tuneable
laser to allow visualisation of ocular layers below the retina [20,21].

Source of [llumination

A Kodak Slide Projector (EKTAPRO 5000, Stuttgart, Germany)
was used to present varying levels of illumination to the subjects.
This projector is equipped with an internal halogen bulb (300W),
and Neutral Density (ND) filters were used to change the level of
illumination. Four ND filters were used to obtain illuminance levels
of: 1cd/m2, 50cd/m2, 300cd/m2, and 1000cd/m2. The intensity of
light for each filter was measured using Minolta Chroma Meter CS-
100 (Minolta Camera Co, LTD, Japan) placed on tripod at the eye
position of the subjects.

Presentation of Illumination

The experiment was conducted in a small dark room (2x2m).
An opaque plastic diffuser panel (17.50x17.50cm) attached to a
wooden box (15cm depth) was placed in front of the projector and
the subject viewed this evenly illuminated panel through the open
end of the box. All subjects were exposed to the dimmest illumina-
tion first and then the illumination levels were increased in order.
Exposure time for each illumination was ten minutes and subjects
were prohibited from using any other source of light or to close
their eyes during the experiment, but they were able to blink nor-
mally.

Measurement of CT

All subjects were examined at the same time of day, between
12:00pm and 2:00pm, and one subject was examined per day. At
the beginning of the experiment, baseline measurements of SFCT
were acquired for each participant by the SS OCT applying Fundus
Guided Acquisition mode (FGA), a special feature allows examining
the same area again. Subjects were then exposed to each illumina-
tion as described above. Following exposure to each illumination
level, four measurements of SFCT were acquired per subject.

Data Analysis

SPSS software version 22 for Windows (SPSS Inc., Chicago, IL,
USA) was used to perform statistical analysis for our data (www.
ibm.com/software/analytics/spss/). A Shapiro-Wilk test was per-
formed to determine the normality. Since the data is normally dis-
tributed (parametric), repeated measures ANOVA test was used to
analyze the short-term changes in CT between the different experi-
mental conditions. Results were considered statistically significant
if the p value is <0.05.
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Results the emmetropic group (mean +SD=362.20+99.09um), and 236pum
to 515um (mean *+SD=359.10+98.12um) for the hyperopic group.

SFCT at baseli d f 138 to 432
at baseine fanged from wm 1o hm (mean Myopic subjects had thinner choroid than emmetropic and hyper-

+SD=273.30£75.20 for th i , 241pm to 509um fi
hm) for the myopic group wm o wimtor opic subjects as expected (Table 1).

Table 1: It shows a summary of the key information for all groups. Values show mean +SD.

Refractive Group Myopic Emmetropic Hyperopic
Number of subjects 10 10 10
Age Rang(years) 18 to 28 18 to 28 18 to 28
Age Mean(years) 22.70£3.46 21.30+0.67 21.10+1.66
Refractive Range(D) -2.00to-5.00 planoto+0.50 +2.00t0+9.00
MSE(D) -3.08+-1.00 0.12+0.29 3.50+2.33
SFCT Range(pm) 138to432 241to509 236to515
SFCT Mean(pum) 273.30+75.20 362.20+£99.09 359.10+98.12

In the myopic group, no systematic change in SFCT was iden-  changes in luminance exposure was found and this was the case for
tified from short-term light exposure to different illuminations all areas of the choroid (Table 2).
(Figure 1). Moreover, no significant variation in CT (p>0.05) with
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Figure 1: It shows the change in SFCT of each subject in the myopic group following exposure to the different levels of illumination.

Table 2: It displays the summary of CT measurements (um) for nine choroidal areas for the myopic group based on the ETDRS grid,
following exposure to five different levels of illuminations. Values show mean +SD.

Levels of Illumination

Choroidal Area Baseline 1cd/m? 50cd/m? 300cd/m? 1000cd/m?
1mm central 272.30+75.19 273.50+76.49 275.30+80.63 268.70+74.12 275.10+75.40
3mm superior 283.10+68.34 287.90+71.18 288.80+72.04 282.00+65.44 291.10+69.80
3mm nasal 240.20+75.43 242.30+75.43 243.30+79.89 237.30+73.69 246.00+77.04
3mm inferior 253.20+75.02 256.70+75.35 258.20+76.93 252.40+77.32 258.60+74.49
3mm temporal 275.70+64.05 275.50+66.45 276.30+67.93 273.50+65.39 277.10+£64.93
6mm superior 272.40+53.90 275.50+55.07 274.40+57.26 270.20+52.49 276.00+55.07
6mm nasal 173.20+£61.87 174.40+65.39 178.40+68.92 174.60+65.40 181.10+£67.77
6mm inferior 223.80+71.15 225.60+72.20 227.10+72.75 224.20+75.46 229.20+74.67
6mm temporal 259.60+56.92 257.70+58.00 260.80+56.37 257.30+56.07 263.00+57.02
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nance was found and this was the case for all areas of the choroid
(Table 3).

In the emmetropic group, there was no systematic change in
SFCT resulting from short-term light exposure (Figure 2). More-
over, no significant variation in CT (p>0.05) with variation in lumi-

Intensity of light vs. SFCT

550
500
450
400
350
300
250
200
150
100

50

SFCT (pum)

baseline 1

50 300

Intensity of light (cd/m?)

1000

Figure 2: It shows the change in SFCT of each subject in the emmetropic group following exposure to the different levels of illumination.

Table 3: It displays the summary of CT measurements (pm) for nine choroidal areas for the emmetropic group based on the ETDRS
grid, following exposure to five different levels of illuminations. Values show mean +SD.

Levels of Illumination

Choroidal Area Baseline 1cd/m? 50cd/m? 300cd/m? 1000cd/m?
1mm central 362.20+99.09 352.80+89.36 354.30+85.97 356.70+88.48 358.40+90.65
3mm superior 372.70+94.02 364.60+85.96 366.10+78.95 367.10+85.39 364.20+82.01
3mm nasal 342.80+99.79 338.40+97.03 350.10+87.56 343.60+92.53 350.30+93.16
3mm inferior 350.10+78.28 343.30+73.22 346.00+74.11 347.50+77.35 341.10+£71.74
3mm temporal 323.30+89.50 315.90+74.81 317.60+£79.22 322.40+86.00 322.30+81.93
6mm superior 346.30+83.33 343.80+85.03 336.50+77.03 340.40+78.05 338.00+81.70
6mm nasal 279.20+98.81 272.50+90.00 278.80+89.73 276.60+89.49 283.00+93.75
6mm inferior 318.40+77.60 314.10+69.39 317.40+67.10 316.40+70.65 316.00+68.81
6mm temporal 296.70+68.02 286.70+62.14 291.40+58.37 294.50+65.69 294.50+64.44

In the Hyperopic group, no systematic change in SFCT was
identified from short-term light exposure to different illuminations
(Figure 3). Moreover, no significant variation in CT (p>0.05) with

changes in luminance exposure was found and this was the case for
all areas of the choroid (Table 4).

Table 4: It displays the summary of CT measurements (um) for nine choroidal areas for the hyperopic group based on the ETDRS
grid, following exposure to five different levels of illuminations. Values show mean +SD.

Levels of Illumination
Choroidal Area Baseline 1cd/m? 50cd/m? 300cd/m? 1000cd/m?
1mm central 349.10+86.06 351.00+86.62 341.80+78.51 347.60+78.94 350.80+81.53
3mm superior 366.50+69.76 360.80+62.25 363.70+60.45 365.60+67.83 360.20+64.52
3mm nasal 340.20+90.82 338.00+83.61 331.40+78.22 330.80+90.27 330.30+86.56
3mm inferior 347.60+98.96 337.20+94.71 345.50+92.84 345.30+93.62 345.10+93.27
3mm temporal 335.90+76.45 338.00+67.28 329.60+65.40 332.80+75.73 339.80+69.29
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6mm superior 368.00+64.71 362.60+65.33 357.20+56.99 360.70+62.48 354.90+59.90

6mm nasal 286.20+83.35 284.10+75.84 274.00+77.40 280.70+82.47 286.10£77.95
6mm inferior 327.20+82.50 318.90+76.39 315.00+64.68 322.90+72.93 316.10£75.17
6mm temporal 322.10+67.43 322.70+58.58 307.00£56.70 323.20+60.85 312.80+54.99
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Figure 3: It shows the SFCT of each subject in the hyperopic group following exposure to the different levels of illumination.

Discussion

The results of the present study show that short-term exposure
to different levels of illumination has no significant effect on CT in
any of the subjects’ groups. A previous report shows a statistically
significant relationship between slower axial eye growth and daily
exposure to ambient light in school children [16]. Earlier studies
also reported a link between daytime outdoor activities and asso-
ciated bright light exposure with a reduced prevalence of myopia
and reductions in the rate of myopic progression in school children
[22,23]. Increased daily exposure to high intensity light more than
3000- lux (light levels which are typically encountered outdoors)
was significantly related to reduced axial eye growth (p<0.05) in
myopic and non-myopic children. Exposure to a level of light be-
tween 1000-lux and 3000-lux did not show any significant effect
upon the rate of axial eye growth. This may suggest that levels of
light illumination >3000-lux are necessary to modulate eye growth
[16]. On the other hand, a significant association (p<0.05) was also
found between daily exposure to low illumination (459+117-lux)
and faster axial eye growth in children, whereas experiencing me-
dium and high intensity of light had no significant effect on eye
growth. In addition, lower time involved in outdoor activities (<40
minute per day) was associated with faster axial eye growth when
comparing with 70 minutes of outdoor activities per day [16]. A
number of previous reports examining the relationship between
myopia progression and outdoor activity in school children lack

consensus. A randomized clinical trial on myopic children (3 years
period) found that extended outdoor activities were associated sig-
nificantly with less myopia development [24].

Another study (12 months period) conducted on myopic and
non-myopic Chinese school children (derived from questionnaire
data) found a significant relationship between less axial eye growth
and greater outdoor time [23]. On the other hand, a large population
study, conducted by questionnaire, found that time spent on sports
and outdoor activities had no significant effect on myopic progres-
sion [25]. Furthermore, short exposure to darkness (when going to
sleep) might contribute to increased rates of myopic progression
among young university students [26]. Several studies have docu-
mented significant seasonal variations of axial eye growth in myo-
pic children, with an increased rate of eye growth due to more light
exposure during summer than in winter [27-29]. In the current
study, while the range of illuminations used was quite varied and
included both very bright and dim light levels, it may be that the
duration of exposure is an important factor in whether illumina-
tion level affects choroidal/retinal physiology. Previous work has
suggested that the rate of myopia progression can be modulated
by very bright light exposure (above 3000-lux), and if this effect is
produced via alterations in choroidal physiology like those found
in animal models, then some effect of illumination upon CT might
be expected. In our experiment, subjects were exposed to each il-
lumination level for ten minutes. Possibly, this was not a sufficient
exposure duration to affect the choroid.
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Arecent paper found that CT increased significantly in response
to dark adaptation. Compared to the present study, they measured
CT in the evening (between 16:30pm and 17:30pm), and the dark
adaptation time was longer [18]. Another recent study found re-
ductions in SFCT following exposure to a high intensity of light
for several days just before sleep. Again, the measurements were
conducted at night and the exposure duration was longer than the
current study [17]. These differences may explain the variations in
results between the current study and the previous studies. How-
ever, Additional research with larger sample size as well as longer
time of light exposure may be appropriate to obtain greater insights
in terms of examining the effect of both darkness and bright light on
the choroid and other ocular parameters.

Conclusion

In summary, this study suggests that short-term exposure to
different illuminations of light has no significant effect on SFCT. In-
vestigating changes in the choroid in response to external factors
such as daily light exposure should be considered to enhance our
understanding of the role of the choroid in the modulation of re-
fractive error progression.
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