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ABSTRACT

Introduction: To quantitatively assess visual
performance and patient satisfaction during
photochromic contact lens (CL) wear in an
indoor environment.
Methods: This observational study comprised
82 eyes of 41 healthy subjects (mean age ± s-
tandard deviation, 21.7 ± 0.7 years) who had
no ophthalmic diseases except for refractive
errors at Kitasato University in 2021. We
prospectively compared visual acuity, kinetic
visual acuity, functional (time-dependent)
visual acuity, the maintaining rate of visual
acuity, the response time, contrast sensitivity
function, higher-order aberrations, and patient
satisfaction score for overall vision in such
subjects during photochromic and non-pho-
tochromic CL wear in such an environment.
Results: The kinetic visual acuity at 30 km/h
was 0.32 ± 0.21 and 0.41 ± 0.24 in the pho-
tochromic and non-photochromic CL groups,
respectively (p = 0.008). The kinetic visual acu-
ity at 60 km/h was 0.32 ± 0.21 and 0.41 ± 0.24,

respectively (p = 0.034). The functional visual
acuity was 0.00 ± 0.21 and 0.05 ± 0.25,
respectively (p = 0.030). The average response
time was 1.19 ± 0.15 s and 1.23 ± 0.15 s,
respectively (p = 0.029). The patient satisfaction
score for overall visual performance was
4.22 ± 0.11 and 3.59 ± 0.68, respectively
(p\ 0.001). Otherwise, we found no significant
differences in visual acuity, the maintaining
rate, higher-order aberrations, or contrast sen-
sitivity function (p = 0.116, p = 0.053,
p = 0.371, or p = 0.943). We found no apparent
complications such as ocular discomfort,
superficial punctate keratitis, conjunctival
injection, or infectious keratitis during the
observation period.
Conclusions: According to our experience, the
photochromic CL showed good visual quality,
especially in terms of kinetic and functional
visual acuities and subsequent high patient
satisfaction, even in an indoor environment,
suggesting its viability of visual correction not
only in daily activities but also in indoor sports
activities.
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Key Summary Points

Why carry out this study?

Photochromic contact lenses (CLs) are
helpful for reducing unpleasant visual
symptoms, especially under bright light
conditions.

Nevertheless, detailed visual performance
and patient satisfaction during
photochromic and non-photochromic CL
wear have not been fully understood in an
indoor situation.

What was learned from the study?

The photochromic CL provided better
kinetic and functional visual acuities and
subsequent high patient satisfaction than
the non-photochromic CL even in an
indoor situation. Therefore, it is suggested
that it is one of the viable options for
vision correction in daily practice.

INTRODUCTION

Our visual system is continuously challenged
with the sensitivity to adjust to a wide range of
light conditions in modern life [1]. Actually,
some patients do experience visual discomfort
and visual disability, especially under bright
light conditions [2]. Tinted spectacle lenses,
namely sunglasses, are beneficial for reducing
these symptoms under bright light conditions
but can also impair visual performance by
absorbing near the peak of visible light under
mostly scotopic conditions [3]. Corning first
introduced photochromic spectacle lenses in
1962 to rectify such disadvantages by filtering
in a dose-dependent manner according to the
intensity and wavelength of light in the envi-
ronment [4]. Furthermore, photochromic con-
tact lenses (CLs) have also been reported to be
beneficial for reducing these unpleasant visual
symptoms, especially under bright light condi-
tions [2, 5–12]. Recently, new photochromic

CLs (ACUVUE� OASYS with TransitionsTM,
Johnson & Johnson Vision, Jacksonville, FL,
USA) have been approved for clinical use and
have become commercially available in Japan.
However, to the best of our knowledge, the
detailed visual performance in an indoor envi-
ronment has not been fully elucidated, except
for one study [6], since such CLs were essentially
designed to use under sunlight conditions in an
outdoor environment. Moreover, not only
kinetic visual acuity (KVA) but also functional
(time-dependent) visual acuity (FVA) during the
photochromic CL wear has not so far been
investigated in any environment. Considering
that such CLs are widely used under outdoor-
sunlight and indoor-light conditions, it may
give us intrinsic insight into understanding the
detailed visual quality of these contact lens
wearers from a clinical viewpoint. This study
compares the precise visual performance and
patient satisfaction between photochromic and
non-photochromic CL wearing eyes in an
indoor environment in healthy young subjects.

METHODS

Study Population

The study protocol was registered with the
University Hospital Medical Information Net-
work Clinical Trial Registry (000047937). This
prospective observational study comprised a
total of 82 eyes of 41 consecutive subjects who
binocularly wore photochromic CLs (ACUVUE
OASYS with TransitionsTM, Johnson & Johnson
Vision) (photochromic CL group) and non-
photochromic CLs (ACUVUE OASYS, Johnson
& Johnson Vision) (non-photochromic CL
group) for 1–2 weeks of daily use between
September 2021 and November 2021. All sub-
jects were required to have best-corrected visual
acuity of 20/20 or better in each eye with the
cylindrical correction being limited to 1 diopter
(D) or less. Eyes with any history of ocular sur-
gery, ocular trauma, and other concomitant eye
diseases were excluded from the study. This
research was approved by the Institutional
Review Board at Kitasato University (2021-007)
and followed the tenets of the Declaration of
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Helsinki. Informed consent was obtained from
all participants after explaining the nature and
possible consequences of the study.

Contact Lens Prescription

We prescribed photochromic and non-pho-
tochromic CLs composed of the same polymer
matrix and senofilcon A in the study popula-
tion. Both CLs are silicone hydrogel, 2-week
disposable CLs, with a base curve of 8.4 mm or
8.5 mm, a CL diameter of 14.0 mm, a water
content of 38%, and an oxygen permeability of
121 Dk/L [9]. According to internal data from
the manufacturer, only the addition of the
photochromic additive technology was differ-
ent between the two CLs [8].

Outcome Measures

We randomly measured only one eye for each
subject for data analysis. We quantitatively
assessed visual acuity at 5 m, using a decimal
acuity chart of Landolt rings shown under
photopic conditions (600 lx) in an indoor
environment, kinetic visual acuity (KVA),
functional visual acuity (FVA), ocular higher-
order aberrations (HOAs), contrast sensitivity
(CS) function, subject satisfaction for the overall
vision, and adverse events and complications,
during photochromic and non-photochromic
CL wear in daily use. All examinations were
conducted by experienced ophthalmic techni-
cians who were masked to the clinical condition
of the subjects and the preliminary results of the
study.

Kinetic Visual Acuity

We measured the KVA using a kinetic visual
acuity meter (AS-4Fa, Kowa,

Aichi, Japan) with the best spectacle correc-
tion, as described previously [13, 14]. In brief,
the participants were instructed to look through
the measuring window. They would detect the
Landolt ring of 20/60 in a bright white circular
shape. The Landolt ring moved towards the
subjects from a 50 m distance at a velocity of 30
and 60 km/h. The participants were asked to

respond by pressing a joystick when they
immediately identified the Landolt ring’s ori-
entation. The results were expressed as decimal
visual acuity according to the distance of the
participant’s response. After 2 practice rounds
to reduce mistakes due to unfamiliarity with the
test, the participants carried out three trials at
two velocities under the same conditions, with
a 1-min rest between each set. After converting
decimal acuity to logMAR visual acuity, the
average value was used for analysis.

Functional Visual Acuity

We also measured the FVA using a functional
visual acuity measurement system (AS-28,
Kowa, Aichi, Japan) to assess the time-course of
continuous changes in visual acuity, as descri-
bed previously [15–17]. In brief, the baseline of
visual acuity was primarily determined for each
patient. The subjects delineated an automati-
cally presented Landolt ring orientation using a
joystick. Optotype size was changed in single
steps depending on the patient’s responses: the
optotype was enlarged when the response was
incorrect and reduced when the response was
correct. When there was no response within 2 s,
the answer was recorded as an error, and the
optotype was enlarged. The test was continu-
ously conducted for 1 min under spontaneous
blinking. We obtained several quantitative
metrics from the FVA measurements, such as
the FVA, the visual maintenance ratio (VMR),
and the average response time. The FVA was
defined as the average of all visual acuity values
measured over time. This average value may
reflect daily vision more efficiently than the
visual acuity measured at a specific time point.
The VMR was defined as FVA divided by base-
line visual acuity [17].

Ocular Higher-Order Aberrations

We measured ocular higher-order aberrations
(HOAs) for a 5-mm pupil using a standard
wavefront aberrometer (OPD-Scan II, Nidek,
Aichi, Japan). The root-mean-square (RMS) of
the third-order Zernike coefficients was utilized
to represent third-order aberrations. The RMS of
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the fourth-order coefficient was used to describe
fourth-order aberrations. Total HOAs were cal-
culated as the RMS of the third- and fourth-
order coefficients.

Contrast Sensitivity Function

We measured the CS function using a contrast
sensitivity unit (Functional Acuity Contrast
Test, F.A.C.T., Stereo Optical, Chicago, IL, US)
with the best spectacle correction at 45 cm, at 3,
6, 12, and 18 cycles, under photopic (600 lx)
and mesopic (10 lx) conditions [18]. Finally, we
calculated the area under the log contrast sen-
sitivity function (AULCSF) from the obtained
CS data, as described previously [19]. In brief,
the log of CS was plotted as a function of log
spatial frequency, and third-order polynomials
were fitted to the data. The fitting curve was
integrated, and the resultant value was defined
as the AULCSF.

Satisfaction Score

We also evaluated the patient satisfaction score
for the overall vision, using visual analogue
scale (VAS) symptom intensity scores on a scale
of 0 (no satisfaction) to 5 (maximum satisfac-
tion) in both groups [20].

Statistical Analysis

We first checked the normality of all data sam-
ples by the Shapiro–Wilk test using statistical
software (Bellcurve for Excel, Social Survey
Research Information Co, Ltd., Tokyo, Japan).
Because all data did not fulfill the criteria for
normal distribution, the Wilcoxon signed-rank
test was applied to compare the data between
the two groups. The Fisher’s exact test was also
used to compare the percentages between the
two groups. Unless otherwise indicated, the
results are expressed as mean ± standard devi-
ation, and a value of p\ 0.05 was deemed sta-
tistically significant.

RESULTS

Table 1 shows the baseline demographics of the
study population. Table 2 shows the detailed
visual performance and subject satisfaction in
the photochromic and non-photochromic
contact lens groups Kinetic visual acuity (30 and
60 km/h), functional visual acuity, and patient
satisfaction score were significantly better in the
photochromic CL group than that in the non-
photochromic CL group (Wilcoxson signed-
rank test, p = 0.008, p = 0.034, p = 0.030, and
p\0.001). The response time was significantly
shorter in the photochromic CL group than
that in the non-photochromic CL group
(p = 0.024). Otherwise, we found no significant
differences in visual acuity, the maintaining
rate, higher-order aberrations, or contrast sen-
sitivity function (p = 0.116, p = 0.053,
p = 0.371, or p = 0.943). We found no apparent
complications such as ocular discomfort,
superficial punctate keratitis, conjunctival
injection, or infectious keratitis during the
observation period. Figures 1 and 2 show CS
function according to 3, 6, 12, and 18 cycles/
degree under bright and mesopic light condi-
tions, respectively. We found no significant
differences between the two groups under
bright or mesopic light conditions at all spatial
frequencies. We found no apparent complica-
tions such as ocular discomfort, superficial
punctate keratitis, conjunctival injection, or

Table 1 Demographics of the study population

Demographics

Eyes 82 eyes

Age 21.7 ± 0.7 years

Gender (Male: Female) 16: 25

UCVA (logMAR) 0.64 ± 0.34

BSCVA (logMAR) - 0.16 ± 0.08

Manifest spherical equivalent - 2.13 ± 0.92 D

logMAR, logarithm of the minimal angle of resolution;
UCVA, uncorrected visual acuity,
BSCVA, best spectacle-corrected visual acuity; D, diopter
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infectious keratitis during the observation
period.

DISCUSSION

In the current study, our findings showed that
the photochromic CL provided good visual
quality, especially in terms of kinetic and
functional visual acuities, and subsequent high
patient satisfaction, in healthy young subjects.
Therefore, our results may support the view that
it is one of the viable alternatives for vision
correction in daily activities and indoor sports
activities. Although we did not confirm the
spectral transmittance curve of the pho-
tochromic CL, we assume that this CL would be
minimally activated in this indoor environ-
ment. Thus, the beneficial effect of the pho-
tochromic CL in an indoor environment would
be much smaller than that in an outdoor
environment.

There have so far been only a few studies on
this new commercially available photochromic
CL (ACUVUE� OASYS with TransitionsTM) wear
in a clinical setting [6, 8, 9]. Renzi-Hammond
et al. first showed that this photochromic CL
improved visual performance compared with
the non-photochromic control across all visual
functions tested, even under conditions of
exiguous activation [6]. Hammond et al. also

showed that both photochromic inactivated
and activated CLs reduced signs of dysphotop-
sia, and two-point thresholds for younger and
middle-aged adults compared with a non-pho-
tochromic CL difference tended to increase
with age [8]. Based on the fact that the older eye
has more scatter, the beneficial effect of the
photochromic CL in older subjects would be
more prominent than that in younger subjects.
Buch et al. stated that more than 95% of sub-
jects were successfully fitted with this new
photochromic CL based on the professional
judgment of physiology, mechanical fitting,
comfort, vision, and handling [6].

With regard to photochromic CLs, Buch
et al. [5] found no apparent evidence of con-
cerns with either driving performance or vision
while wearing photochromic CLs. However, the
sample size was relatively small. Renzi-Ham-
mond et al. [2] demonstrated that the pho-
tochromic CL is a viable means of improving
aspects of optimal vision in a complex envi-
ronment, especially in terms of photostress
recovery, glare disability, glare discomfort, and
chromatic contrast thresholds. They found that
the improvement in glare disability, glare dis-
comfort, and chromatic contrast was about half
of what we had previously seen using similar
measures but an activated photochromic lens
(improvements around 15% vs. around 30%)

Table 2 Detailed visual performance in the photochromic and non-photochromic contact lens groups

Photochromic CL group Non-photochromic CL group p value

Visual acuity - 0.24 ± 0.08 logMAR - 0.20 ± 0.13 logMAR 0.116

The KVA at 30 km/h 0.32 ± 0.21 logMAR 0.41 ± 0.24 logMAR 0.008

The KVA at 60 km/h 0.47 ± 0.28 logMAR 0.56 ± 0.29 logMAR 0.034

The FVA 0.00 ± 0.21 logMAR 0.05 ± 0.25 logMAR 0.03

The VMA 1.00 ± 0.05 0.98 ± 0.07 0.056

The average response time 1.19 ± 0.15 s 1.23 ± 0.15 s 0.029

The ocular HOAs 0.97 ± 0.45 lm 0.97 ± 0.38 lm 0.990

The AULSCSF under bright light conditions 2.16 ± 0.14 2.15 ± 0.16 0.371

The AULSCSF under mesopic light conditions 1.20 ± 0.08 1.19 ± 0.07 0.816

The patient satisfaction score 4.22 ± 0.11 3.59 ± 0.68 \ 0.001

Ophthalmol Ther (2022) 11:1847–1855 1851



[10]. In addition, Hammond et al. showed that
the photochromic CL improved the ability to
resolve the separation of two small bright points
of light and that this effect was reduced in
magnitude but still apparent even when the
photochromic CL was not activated [7]. Inter-
estingly, Alabi et al. and Moon et al. found,
using CL and spectacle lens photochromic
bench, respectively, that the temperature can
influence both the activation and deactivation
of photochromic lenses such that the higher the
temperature, the greater the light transmission
[11, 12]. However, the clinical usefulness or the
feasibility of the photochromic CL has not been
fully elucidated, except for one study, in an
indoor environment [6]. Moreover, the detailed
visual performance, such as the KVA or the FVA,
has not so far been evaluated. Our findings

indicate that the photochromic CL is superior
to the non-photochromic CL in indoor visual
quality, especially in terms of kinetic and
functional visual acuities and subsequent high
patient satisfaction, even in an indoor envi-
ronment. It has been reported that short-wave
light had an exaggerated effect on light-induced
discomfort [21]. Although we have no clear
explanation for this discrepancy at this time, we
speculate that the lower transmission rate in the
wavelength of around 400 nm might be bene-
ficial for reducing various light discomforts,
even in an indoor light conditions. We also
speculate that this advantage of the pho-
tochromic CL over the non-photochromic CL
will become more apparent in an outside sun-
light environment [6, 7] or in middle-aged
patients [8]. To our knowledge, this is the first

Fig. 1 Graph showing contrast sensitivity (CS) function under bright light conditions in the photochromic and non-
photochromic contact lens (CL) groups
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published study to directly compare the
detailed visual performance and patient satis-
faction between the photochromic and non-
photochromic CL-wearing eyes. We believe that
this information is simple but clinically helpful
for grasping the real-world condition of such
promising CL treatments even in an indoor
environment. Moreover, it will be beneficial for
improving indoor visual quality in daily activi-
ties and sports activities. We are currently con-
ducting a new study on the detailed visual
performance and patient satisfaction during the
photochromic CL wear in outdoor sun-light
conditions, presumably because the advantages
of the photochromic CL over the non-pho-
tochromic CL may become more prominent in
an outdoor environment.

There are several limitations to this study.
Firstly, all study participants were young in

consideration of the preference for CL wear. The
participants were mostly composed of our uni-
versity students. Hammond et al. showed that
the photochromic CL reduced the signs of dys-
photopsia and two-point thresholds for younger
and middle-aged adults and that the differences
tended to increase with age [8]. A further study
with various ages is necessary to clarify this
point. Secondly, we performed this study in a
single-arm, unmasked fashion, primarily due to
the ethical consideration and the subjective
easiness of identifying the type of CLs. There-
fore, some study bias may exist, especially in
terms of subjective outcomes. It would be ideal
to perform a randomized controlled trial to
confirm the authenticity of the results. Thirdly,
we did not precisely control the degree of the
light filtering and the activation of the pho-
tochromic CLs in the present study. However,

Fig. 2 Graph showing contrast sensitivity (CS) function under mesopic light conditions in the photochromic and non-
photochromic contact lens (CL) groups
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we believe that this study reflects the actual
status of visual quality more accurately since
the photochromic CL will be widely used in an
outside situation and an indoor situation in
daily practice.

CONCLUSION

In summary, our results showed that the pho-
tochromic CL provided good visual quality,
especially in terms of kinetic and functional
visual acuities and subsequent high patient
satisfaction, even in an indoor environment, in
a healthy young population. Accordingly, our
results may support the view that it is one of the
viable alternatives for vision correction in daily
activities and indoor sports activities.
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