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ARTICLE INFO ABSTRACT

Keywords: Purpose: To report a case in which the axial length (AL) shortened and the choroid thickened due to the use of
Axial length shortening violet light-transmitting eyeglasses.
Myopia

Observations: A 4-year-old boy with high myopia was referred to Keio University Hospital. He was prescribed
standard eyeglasses. Six months after the first visit, his best-corrected visual acuities were 1.2 and 0.4 in the right
and left eyes, respectively, with the standard eyeglasses, and he was diagnosed with anisometropic amblyopia.
The right eye then was patched for 6 hours daily during the daytime. Because of the availability of violet light-
transmitting eyeglasses, we changed the eyeglasses and instructed his parents to have him engage in outdoor
activities for over 2 hours daily to be exposed to sufficient violet light. As a result, the violet light entered his left
eye and minimal violet light entered his right eye. The changes in the ALs, choroidal thicknesses, and cycloplegic
objective refractions in the right and left eyes during 2 years of wearing violet light-transmitting eyeglasses were
+0.85 and —0.20 mm, +4.9 and + 115.7 pm, and —1.02 and + 1.88 D, respectively.

Conclusions and importance: We successfully described a case in which the myopia improved, the AL shortened,

Violet light
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Case report

and the choroid thickened after using violet light-transmitting eyeglasses.

1. Introduction

The incidence of myopia has been increasing worldwide' including
in Japan.” Many epidemiologic, experimental animals, and clinical
intervention studies have reported that outdoor activities suppress
myopia progression, but the protective mechanism of outdoor activities
against myopia progression remains unclear. We have reported previ-
ously that violet light (360-400 nm wavelength) may have the potential
to retard myopia progression.s’4

We performed phakic intraocular lens (pIOL) implantation, a
refractive surgery, on adults with high myopia and compared the
myopia progression between two groups implanted with different lenses
for a 5-year period postoperatively. The results showed a significant
difference in the axial length (AL) elongation between the two groups in
the 5 postoperative years. We compared the differences between the two
lenses against a variety of criteria including higher order aberrations,
residual astigmatism, spectral transmittance of the pIOL, and off-axis

aberration simulation using eye models. We found that there were no
significant differences other than the spectral transmittance of the pIOL,
suggesting that the difference in violet light transmittance may be
responsible for the differences seen in adults with high myopia.® Thus,
we focused on violet light, which is abundant in outdoor environments,
and carried out research using a chick myopia model. In that model,
myopic progression in chicks exposed to violet light was suppressed, and
the early growth response 1 (EGR1 [ZENK, zif268]) gene, a gene that
suppresses myopia progression, was up-regulated in chicks exposed to
violet light.! This clarified that the EGRI gene may be involved in the
violet light suppression of myopia. We also reported that in students
wearing contact lenses that transmit violet light, myopia progression
was suppressed more than in those wearing contact lenses that did not
transmit violet light, suggesting that myopia progressed when wearing
contact lenses that do not transmit violet light.? Based on the results of
those previous studies,® > violet light can be used to suppress AL elon-
gation and myopia progression not only in young people but also adults
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with high myopia.

Because violet light does not penetrate standard eyeglasses,® we
developed violet light-transmitting eyeglasses in collaboration with
JINS, Inc. (Tokyo, Japan). There are several types of commercially
available eyeglasses, ranging from non-ultraviolet (UV) cut lens to UV
cut lens. The non-UV cut lenses have been sold for decades, and almost
all lenses are now UV cut lenses.” The JINS violet light-transmitting
eyeglasses, which do not penetrate under 350 nm and allow violet
light to penetrate, are positioned between the non-UV cut and UV cut
lenses, which means that the violet light-transmitting eyeglasses also are
classified as normal eyeglasses. The JINS violet light-transmitting eye-
glasses have been commercially available in eyeglass shops operated by
the manufacturer throughout Japan and approved by the Japanese
Ministry of Health, Labor and Welfare for their safety. Furthermore, this
is a case report. For these reasons, the institutional review board
approval of the current case was waived in Japan.

A number of treatments have been used to retard myopia progression
including outdoor activities,® orthokeratology,” low-dose atropine eye
drops,® and dietary supplementation;’ however, myopia currently
cannot be stopped or improved by a non-surgical method.

We describe the unique case of a child with high myopia (spherical
equivalent [SE], —5.00 diopters [D] or less) bilaterally and anisome-
tropic amblyopia for which we prescribed violet light-transmitting
eyeglasses after the availability of this technology. We prescribed
patching of his right eye for 6 hours daily during the daytime. As a result,
violet light entered his left eye and most violet light was prevented from
entering his patched right eye. We successfully showed a case in which
the myopia improved, the AL shortened, and the choroid thickened in
association with the use of violet light-transmitting eyeglasses.

2. Case report

A 4-year-old boy was referred to the Keio University Hospital in
Tokyo with high myopia. He had no medical history except myopia and
his mother had high myopia. No remarkable findings were evidence on
slit-lamp and fundus examinations. The best-corrected visual acuities
(BCVA, decimal) in the right and left eyes were 0.5 and 0.3, respectively.
The respective cycloplegic objective refractions (SE) were —5.75 and
—9.75 D, corneal keratometric values of 45.25 and 45.75 D, and ALs of
24.00 and 25.67 mm measured using the IOLMaster® 500 (Carl Zeiss
Meditec AG, Jena, Germany). The choroidal thickness was measured
using spectral-domain optical coherence tomography (SD-OCT) (RS-
3000, Nidek, Aichi, Japan) using ImageJ software (National Institutes of
Health, Bethesda, MD) as reported previously.” ' The intraocular
pressures were 13 mmHg bilaterally. We diagnosed ametropic ambly-
opia and prescribed non-violet light-transmitting eyeglasses.

Six months after the first visit, the BCVA in his right eye improved to
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1.2 by wearing the eyeglasses, and the BCVA in his left eye remained 0.4.
Because of development of anisometropic amblyopia, we prescribed
patching of his right eye for 6 hours daily during the daytime. We also
prescribed violet light-transmitting eyeglasses (Fig. 1), which may have
the potential to retard progression of myopia, after we obtained
informed assent and consent from the patient and his parents,. We rec-
ommended to his parents that he engage in outdoor activities for over 2
hours daily to be exposed to sufficient violet light. Since that time, we
can measure the ALs using a swept-source optical coherence tomogra-
phy biometer, IOLMaster® 700 (Carl Zeiss Meditec AG), which has a
measurement accuracy of + 5 pm, because the technology became
available. We also recorded the AL 10 times and averaged the data.

Four months after the patient started wearing the violet light-
transmitting eyeglasses and patching his right eye, the choroidal thick-
nesses were 307.6 and 167.9 pm in the right and left eyes, respectively
(Fig. 2A). In addition, the BCVA improved to 0.9 with shortening of the
AL, and the myopia improved in his left eye simultaneously with the AL
lengthening and the myopia progression in his right eye with patching
(Fig. 3). The corneal refractions did not change bilaterally during the
observation period.

After 24 months of wearing violet light-transmitting eyeglasses with
patching to treat amblyopia in his right eye for 6 hours daily, the BCVAs,
SEs, ALs, and choroidal thicknesses in the right and left eyes were, 1.0
and 0.9, —6.74 and —8.30 D, 25.03 and 25.47 mm, and 312.5 and 283.6
pm, respectively (Fig. 2B).

The patient arrived at our hospital around 3 p.m. for every
appointment, so the times at which the measurements were performed
were almost the same and there were no diurnal variations to consider.

As a result, the respective changes in the left eye in the SE, AL, and
choroidal thickness during 2 years were +1.88 D (improved myopia),
—0.20 mm (shortened), and +115.7 pm (thickened). In the right eye, the
respective changes in the SE, AL, and choroidal thickness during 2 years
were —1.02 D (myopia progression), +0.85 mm (lengthened), and +4.9
pm (thickened). No adverse effects were observed.

3. Discussion

It has been reported that the AL has increased and myopia has pro-
gressed bilaterally in patients with myopic anisometropia'®'* during
refractive correction with what we assume were standard eyeglasses and
not violet light-transmitting eyeglasses. The current case is unique in
that different changes in the AL, choroidal thickness, and SE in each eye
were seen.

There are several ways to retard myopia progression, i.e., outdoor
activities,® orthokeratology,” and low-dose atropine.® According to a
recent prospective randomized study of low-dose (0.01%) atropine eye
drops,® there was no statistically significant difference in the AL
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Fig. 1. The spectral transmission of the violet light-transmitting eyeglasses. This eyeglass permits transmission of violet light (360-400 nm wavelength).
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Fig. 2. The choroidal thicknesses of the right and left eyes. The choroidal thickness (arrows) was measured with spectral-domain optical coherence tomography. (A)
The choroidal thicknesses were 307.6 (right eye) and 167.9 (left eye) pm 4 months after the patient started wearing violet light-transmitting eyeglasses and patching
his right eye and (B) 312.5 (right eye) and 283.6 (left eye) pm 24 months after the patient started wearing violet light-transmitting eyeglasses and patching his right
eye for 6 hours daily. The respective changes in the choroidal thicknesses during 20 months were +4.9 (right eye) and +115.7 (left eye) pm.

elongation for 1 year between the placebo and 0.01% atropine groups.
Although the suppressive effect of myopia (SE) was 0.22 D annually in
the atropine group, the myopia progressed even in the atropine group.
Regarding outdoor activity, the suppressive effect of myopia was 0.30 D
over 3 years in a meta-analysis.'®> Regarding orthokeratology, the sup-
pressive effect of axial elongation was 0.26 mm over 2 years in a met-
a-analysis.'® Although myopia generally cannot be stopped or improved
by these non-surgical methods, the current case showed that myopia
improved (+1.88 D/2 years) and the AL shortened (—0.20 mm/2 years).

Highly myopic eyes usually have a thinner choroid and longer AL."”
The mean choroidal thickness among Japanese children (34 children;
mean age, 4.4 years) even with a normal refraction (mean refractive
error, 0.31 D) decreased from 301.8 pm to 286.6 pm over 1.5 years.'®
Further, the choroidal thickness among children (115 children aged
2-16 years) increased in non-myopic patients and decreased in myopic
patients over 15 months.'” In the current case, the choroidal thickness
increased in both eyes, with a prominent change especially in his left
unpatched eye. We speculated that the reason for the difference between
the right and left eyes was the difference in the light environment
created in each highly myopic eye, i.e., violet light entered his left eye
and minimal violet light entered his right eye. While bright light has
been reported to stimulate choroidal thickening in chickens?® but not
humans,*"? the reason for the difference in species is unknown. These
results suggested that the light spectrum may be the important factor in
the changes in the choroidal thickness. Further studies are needed to
elucidate the relationship between the choroidal thickness and light
spectrum.

Some unknown confounders may have affected the results in this
case report. If increasing outdoor activities provides some additive ef-
fects against myopia progression, it will affect both eyes and the myopia
should be suppressed bilaterally. However, the myopia progression was
suppressed only in the left eye, which was not covered by an eye patch.
Considering this, we think that the light environment to which the eye is
exposed is important regarding suppression of myopia. Although it

cannot be denied that the progression of myopia may have a saturating
tendency in the left eye, we need to confirm it in a future study. The
current case is unique because of the eye patching for 6 hours daily, the
result of which was that a different light environment was created in
both highly myopic eyes. Subsequently, the AL shortened, the choroid
thickened, and the myopia in his unpatched left eye improved gradually
after the use of violet light-transmitting eyeglasses with sufficient out-
door activity. A larger number of cases are needed to confirm our
findings.

4. Conclusion

We successfully described a case in which the myopia improved, the
AL shortened, and the choroid thickened after using violet light-
transmitting eyeglasses.
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Fig. 3. The time course of (A) cycloplegic objective refraction and (B) axial length.* In the unpatched left eye, the myopia improved gradually, and the axial length
(AL) shortened after the patient wore violet light-transmitting eyeglasses. It took 6 months for the myopia to improve after wearing violet light-transmitting eye-
glasses. In the right eye, which was patched for 6 hours daily, the myopia progressed and the AL elongated. *The AL in the left eye at 6 months was omitted because of
the low confidence value measured by the IOLMaster® 700. D: diopters; M: months; VL, violet light. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)

Japan as JP 6085722 and in the US as US 10133092 for the violet light-
transmitting eyeglasses. The authors H.T., T.K., K.N., and K.T. are the
inventors listed on this patent. Outside the submitted work, K.T. reports
research funding from JINS, Inc., and Tsubota Laboratory, Inc.

Acknowledgements

We acknowledge the contributions of the following individual to this
study: Lynda Charters edited the English in the manuscript and was paid
for her editing services.

References

1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia and high
myopia and temporal trends from 2000 through 2050. Ophthalmology. 2016;11(16):
25-27.

2. Yotsukura E, Torii H, Inokuchi M, et al. Current prevalence of myopia and
association of myopia with environmental factors among schoolchildren in Japan.
JAMA Ophthalmol. 2019;15(2747744).

3. Torii H, Ohnuma K, Kurihara T, Tsubota K, Negishi K. Violet light transmission is
related to myopia progression in adult high myopia. Sci Rep. 2017;7:14523.

4. Torii H, Kurihara T, Seko Y, et al. Violet light exposure can be a preventive strategy
against myopia progression. EBioMedicine. 2017;15:210-219.

5. Wang M, Schaeffel F, Jiang B, Feldkaemper M. Effects of light of different spectral
composition on refractive development and retinal dopamine in chicks. Invest
Ophthalmol Vis Sci. 2018;59:4413-4424. https://doi.org/10.1167/iovs.4418-23880.

6. Tideman JWL, Polling JR, Jaddoe VWV, Vingerling JR, Klaver CCW. Environmental
risk factors can reduce axial length elongation and myopia incidence in 6- to 9-year-
old children. Ophthalmology. 2019;126:127-136. https://doi.org/10.1016/j.
ophtha.2018.1006.1029.

7. Huang J, Wen D, Wang Q, et al. Efficacy comparison of 16 interventions for myopia
control in children: a network meta-analysis. Ophthalmology. 2016;123:697-708.

8. Yam JC, Jiang Y, Tang SM, et al. Low-Concentration Atropine for Myopia
Progression (LAMP) Study: a randomized, double-blinded, placebo-controlled trial
of 0.05%, 0.025%, and 0.01% atropine eye drops in myopia control. Ophthalmology.
2019;126:113-124. https://doi.org/10.1016/j.ophtha.2018.1005.1029.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Mori K, Torii H, Fujimoto S, et al. The effect of dietary supplementation of crocetin

for myopia control in children: a randomized clinical trial. J Clin Med. 2019;8(8),
jem8081179. https://doi.org/10.8083390/jcm8081179.

Maul EA, Friedman DS, Chang DS, et al. Choroidal thickness measured by spectral
domain optical coherence tomography: factors affecting thickness in glaucoma
patients. Ophthalmology. 2011;118:1571-1579.

Dolz-Marco R, Gal-Or O, Freund KB. Choroidal thickness influences near-infrared
reflectance intensity in eyes with geographic atrophy due to age-related macular
degeneration. Invest Ophthalmol Vis Sci. 2016;57:6440-6446.

Chiang ST, Chen TL, Phillips JR. Effect of optical defocus on choroidal thickness in
healthy adults with presbyopia. Invest Ophthalmol Vis Sci. 2018;59:5188-5193.
Lum E. Progressive anisometropia and orthokeratology: a case report. Clin Exp
Optom. 2018;101:599-600. https://doi.org/10.1111/cx0.12542.

Deng L, Gwiazda J, Manny RE, et al. Limited change in anisometropia and aniso-
axial length over 13 years in myopic children enrolled in the Correction of Myopia
Evaluation Trial. Invest Ophthalmol Vis Sci. 2014;55:2097-2105. https://doi.org/
10.1167/i0vs.2013-13675.

Xiong S, Sankaridurg P, Naduvilath T, et al. Time spent in outdoor activities in
relation to myopia prevention and control: a meta-analysis and systematic review.
Acta Ophthalmol. 2017;95:551-566. https://doi.org/10.1111/a0s.13403.

Si JK, Tang K, Bi HS, Guo DD, Guo JG, Wang XR. Orthokeratology for myopia
control: a meta-analysis. Optom Vis Sci. 2015;92:252-257. https://doi.org/10.1097/
OPX.0000000000000505.

Teberik K, Kaya M. Retinal and choroidal thickness in patients with high myopia
without maculopathy. Pak J Med Sci. 2017;33:1438-1443. https://doi.org/
10.12669/pjms.12336.13726.

Ohsugi E, Mitamura Y, Shinomiya K, et al. Changes in choroidal thickness in healthy
pediatric individuals: a longitudinal study. Int J Ophthalmol. 2018;11:1179-1184.
Fontaine M, Gaucher D, Sauer A, Speeg-Schatz C. Choroidal thickness and ametropia
in children: a longitudinal study. Eur J Ophthalmol. 2017;27:730-734.

Lan W, Feldkaemper M, Schaeffel F. Bright light induces choroidal thickening in
chickens. Optom Vis Sci. 2013;90:1199-1206.

Ulaganathan S, Read SA, Collins MJ, Vincent SJ. Daily axial length and choroidal
thickness variations in young adults: associations with light exposure and
longitudinal axial length and choroid changes. Exp Eye Res. 2019;189:107850.
Ahn J, Ahn SE, Yang KS, Kim SW, Oh J. Effects of a high level of illumination before
sleep at night on chorioretinal thickness and ocular biometry. Exp Eye Res. 2017;
164:157-167. https://doi.org/10.1016/j.exer.2017.1009.1001.


http://refhub.elsevier.com/S2451-9936(20)30317-0/sref1
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref1
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref1
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref2
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref2
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref2
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref3
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref3
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref4
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref4
https://doi.org/10.1167/iovs.4418-23880
https://doi.org/10.1016/j.ophtha.2018.1006.1029
https://doi.org/10.1016/j.ophtha.2018.1006.1029
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref7
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref7
https://doi.org/10.1016/j.ophtha.2018.1005.1029
https://doi.org/10.8083390/jcm8081179
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref10
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref10
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref10
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref11
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref11
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref11
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref12
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref12
https://doi.org/10.1111/cxo.12542
https://doi.org/10.1167/iovs.2013-13675
https://doi.org/10.1167/iovs.2013-13675
https://doi.org/10.1111/aos.13403
https://doi.org/10.1097/OPX.0000000000000505
https://doi.org/10.1097/OPX.0000000000000505
https://doi.org/10.12669/pjms.12336.13726
https://doi.org/10.12669/pjms.12336.13726
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref18
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref18
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref19
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref19
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref20
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref20
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref21
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref21
http://refhub.elsevier.com/S2451-9936(20)30317-0/sref21
https://doi.org/10.1016/j.exer.2017.1009.1001

	Axial length shortening in a myopic child with anisometropic amblyopia after wearing violet light-transmitting eyeglasses f ...
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Patient consent
	Funding
	Authorship
	Declaration of competing interest
	Acknowledgements
	References


