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ARTICLE INFO ABSTRACT
Keywords: Purpose: To compare comfort outcomes between a novel daily disposable contact lens — designed
Daily disposable to maximize comfort — and an established control. The hypothesis was that the test lens would be

Contact lens comfort
Tear-film stability
Blue-violet-light filtering
Digital device use
Night-time driving

superior to the control for four key comfort questionnaire items: end-of-day comfort, all-day
comfort, visual comfort while driving at night, and reduction of ocular fatigue from digital de-
vice use.

Methods: This randomized, controlled, subject-masked, parallel-arm study enrolled young (18-39
years), healthy, myopic, contact lens wearers with an up-to-date prescription at 19 investigational
sites in the United States. Subjects wore either the test (ACUVUE® OASYS MAX 1-Day, senofilcon
A) or control (Dailies Totall®, delefilcon A) lens for 2 weeks of bilateral, daily disposable wear
before completing comfort questionnaire items, each of which had 5 or 6 response options. For
each item, the odds ratio for positive (top-two-box) responses was estimated from a binomial
generalized linear mixed model. A gatekeeping approach combined with the truncated Hochberg
procedure was used for multiplicity adjustment.

Results: Of 344 enrolled subjects, 342 subjects were randomized and dispensed lenses, with 171
subjects per lens group. Among the 342 subjects, 68.4% were female, 83.6% were White, and the
average age was 29.7 (+5.53) years. The test lens was statistically superior to the control for all
four comfort questions: odds ratios (test vs. control) were 2.01 (95% CI: 1.25, 3.22) for end-of-day
comfort, 2.17 (alpha-adjusted CI: 1.30, 3.64) for all-day comfort, 2.00 (alpha-adjusted CI: 1.18,
3.41) for reducing ocular fatigue from digital device use, and 1.77 (95% CI: 1.04, 3.02) for
comfortable vision while driving at night.

Conclusion: The test lens demonstrated statistically superior physical and visual comfort, as
measured by the four comfort endpoints, compared to the control. The test lens had significantly
greater odds of favorable responses for all comfort items compared to the control.

1. Introduction

Despite significant advances in contemporary contact lens designs, symptoms of discomfort and dryness continue to be a common
experience for wearers. A survey of 1092 soft contact lens wearers found that 31% have a reduced comfortable wear time (>2hr of
uncomfortable wear), 28% experience dryness, and 17% experience discomfort [1]. Overall, symptoms of discomfort and dryness
affect approximately 50% of contact lens wearers [1,2]. Moreover, symptoms of discomfort and dryness are more common and more
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severe among contact lens wearers than non-contact lens wearers [2-4]. Because of their high prevalence, these symptoms remain a
common cause of permanent contact lens discontinuation [2,5,6].

Two key elements driving the overall comfort experience with contact lenses are physical (e.g., ocular surface comfort) and
perceptual (e.g., visual comfort) [7]. Ocular surface comfort can be highly dependent on the tear film [8], which lubricates, mois-
turizes, and protects the ocular surfaces [9]. However, the tear film can be disrupted by factors such as contact lens wear and digital
device use [10-12]. Recent studies have estimated that adults spend an average of over 13 h daily on digital devices, which is a 33%
increase since 2019 [13], and 71% say screen time or the total demands of work and life have increased in the last two years [14].
Viewing digital screens results in 60% less blinking, compromising the tear film and creating discomfort [15,16]. The importance of
the tear film in contact lens comfort is highlighted by the finding that those who discontinue due to discomfort are significantly more
likely to have symptoms of dryness than successful contact lens wearers [17]. The tear film also provides the eye with an optically
smooth surface, and therefore a decreased tear-film stability significantly reduces subjective visual performance [18].

Visual comfort is also an important aspect of the overall comfort experience, with a significant association between comfort scores
and subjective vision quality reported among soft toric contact lens wearers [19]. Additionally, patients often cite poor vision as a
reason for discontinuation from contact lens wear [6,20]. One possible contributor to visual discomfort is blue-violet light, which is
especially uncomfortable to view [21-23]. For example, LED (light-emitting diode) headlamps with a greater short-wavelength
content cause more intense discomfort glare [24].

Given the aforementioned concerns with current soft contact lenses, the possibility of identifying a new lens with a reduced
symptomatology serves as the rationale to conduct this clinical trial. A novel contact lens, containing technologies designed to enhance
physical and visual comfort by supporting a stable tear film and reducing the effect of blue-violet light, has recently entered the market.
The purpose of this study was to compare the comfort of the new contact lens with that of an established control lens. The hypotheses
were that the test lens would be superior to the control lens in four key physical and visual comfort questionnaire items: end-of-day
comfort, all-day comfort, reduction of ocular fatigue from digital device use, and visual comfort while driving at night. To test these
hypotheses, young, healthy, myopic, contact lens wearers with an up-to-date prescription were enrolled and randomized to 2 weeks of
subject-masked, daily disposable wear of either the test or control lens before they were each given all four questionnaire items.

2. Materials and methods
2.1. Study design

This study randomized subjects to either a test contact lens with ultraviolet (UV) and blue-violet light filtering (ACUVUE® OASYS
MAX 1-Day, senofilcon A) or a control contact lens (Dailies Totall®, delefilcon A) for 2 weeks (14 + 1 days) of bilateral, daily
disposable wear with the aim of comparing their clinical performance. Dailies Totall® was chosen as the control lens because it is a
widely used daily disposable silicone hydrogel lens reported to reduce symptoms of discomfort among symptomatic contact lens
wearers [25] and to have superior comfort compared with several other daily disposable lenses [26-28].

Subjects were enrolled by the investigators and randomly assigned to the two study lenses by randomly-permuted block
randomization, stratified by site and type of habitual lens wear (daily disposable and daily wear reusable). All subjects were masked to
the identity of the contact lenses (Appendix: Table S1) by over-labelling. Although lens identity was masked, the lenses differed in
physical appearance (color). Subjects knowing the study treatments are different may presume a difference in performance. A parallel
study design was therefore chosen to eliminate the risk of bias that may occur in a within-subjects study design (e.g., crossover design).
Preservative-free rewetting drops (single-use EyeCept® Rewetting Drops) or saline (LacriPure Saline Solution or ScleralFil® Preser-
vative Free Saline Solution) could be instilled by the subject as needed. The study occurred from March 2022 through May 2022.

2.2. Subjects

Nineteen investigational sites in the United States enrolled the subjects. Eligible subjects were myopic, aged 18-39 years, and
habitual wearers of up-to-date, daily wear, spherical, silicone hydrogel contact lenses in both eyes. Habitual wear was defined as at
least 6 h of wear per day for at least 5 days per week during the 30 days before screening. An up-to-date lens was one that had been
prescribed or checked as being the correct prescription within the past 6 months and had been worn for at least 2 weeks. At baseline,
each eye of eligible subjects had a best-corrected distance visual acuity of 20/25 or better, a vertex-corrected spherical equivalent
refraction of —1.00 to —6.00 DS, and a vertex-corrected cylindrical refraction of 0.00-1.00 DC.

Individuals were ineligible for enrolment if they had ocular or systemic pathology, were using monovision, multifocal, or extended-
wear contact lenses, had habitually worn rigid or hybrid lenses within the last 6 months, had undergone ocular surgery, planned to
receive ocular surgery during the study period, had participated in a contact lens-related study within 14 days before screening, or
were an employee or immediate family member of an employee at an investigational site.

2.3. Investigators

To ensure the accuracy and reliability of data, only qualified investigators [29] and appropriate investigational sites were selected
for participation. Additionally, the protocol procedures were reviewed with the Principal Investigator, who, in turn, ensured that all
sub-investigators and study staff were familiar with the protocol and all study-specific procedures and had appropriate knowledge of
the study lenses.
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2.4. Questionnaire items

At the 2-week follow-up visit, subjects were asked to rate the lens performance with the following questionnaire items: “Comfort at
the end of the day”, “I could wear these contact lenses comfortably for as long as I wanted to”, “Reduction in the feeling of tired eyes
from using a computer or other digital device”, and “Ability to see comfortably while driving at night”. Each questionnaire item had a
5-point Likert response scale, with a “Not Applicable” option for some items since not everyone uses digital devices or drives at night
(Table 1). These items were chosen because they help address current performance gaps in contact lens wear. These performance gaps,
created by increasingly demanding lifestyles and significant digital use, can be the reasons why a patient discontinues lens wear.

2.5. Statistical Methodology

This study was designed and powered to demonstrate superiority of the test lens compared with the control lens with respect to the
four comfort endpoints. The sample size was calculated to achieve a statistical power of at least 90% for each hypothesis testing. The
sample size calculation was based on data (on file) from four studies of the test lens and one study of the control lens. The target
enrolment was approximately 360 subjects for a target sample size of 330 completed subjects with an even distribution between test
and control groups (approximately 165 in each).

Analyses were conducted using all randomized subjects with observed data (no imputation for missing data). Item responses were
converted into a binary variable as follows: top-two-box responses (Very Satisfied or Satisfied for “Comfort at the end of the day”,
Strongly Agree or Agree for “I could wear these contact lenses comfortably for as long as I wanted to”, and Excellent or Very Good for
“Ability to see comfortably while driving at night” and “Reduction in the feeling of tired eyes from using a computer or other digital
device”) = 1, and neutral and negative responses = 0. The “Not Applicable” response was excluded from the analysis. The binary
outcome variable was analyzed using a binomial generalized linear mixed model (GLMM) to model the probability of the positive
responses (top-two-box responses) for each comfort endpoint separately. The model included lens type as a fixed effect controlling for
age, gender, iris category (Dark and Light), and habitual lens type (habitual daily disposable and habitual daily wear reusable). The
random intercept of site was included as appropriate to account for the site level variation.

For multiplicity adjustment, a gatekeeping approach combined with the truncated Hochberg procedure [30,31] was used to control
the study overall Type I error rate at a two-sided 0.05 level. The four comfort endpoints were tested in the following manner: the
end-of-day comfort endpoint was tested first and served as a gatekeeper for testing all-day comfort and reduced ocular fatigue from
digital device use, and then these two comfort endpoints were used to gatekeep visual comfort while driving at night. If the hypothesis
for end-of-day comfort was met, then all-day comfort and reduced ocular fatigue from digital device use were to be tested using the
truncated Hochberg procedure — with confidence intervals for these endpoints adjusted accordingly.

2.6. Declaration of Helsinki and informed consent

The study was performed in accordance with ISO (International Standards Organization) 14155 standards for Good Clinical
Practice and conformed with the tenets of the Declaration of Helsinki [32,33]. Prior informed consent was obtained from all subjects in
order that all subjects would understand both the risks and benefits of participation and that participation was on a purely voluntary
basis, as well as allowing subjects to ask questions about participation in the study. The research was reviewed and approved by
Sterling Institutional Review Board (Atlanta, GA, approval ID 9778, 3/21/2022). The study, along with its predetermined outcomes of
interest, was submitted to ClinicalTrials.gov (identifier: NCT05300763) before enrolment of subjects.

3. Results
3.1. Subject disposition and demographics

In total, 344 subjects were enrolled, of which 342 subjects were randomized and dispensed at least one pair of study lenses (Fig. 1)
and 3 subjects discontinued after lens dispensing, resulting in a retention rate of 99.1%. Among the 342 randomized subjects (171 test
subjects and 171 control subjects), 234 (68.4%) were female, 286 (83.6%) were White, and the average age was 29.7 (£5.53) years
(Table 2).

The subjects were enrolled at 19 investigational sites in the United States, with each site enrolling 9 to 22 subjects. Investigators

Table 1
Research questionnaire items.
Item Response options
Comfort at the End of the Day Very Satisfied, Satisfied, Neither Satisfied nor Dissatisfied, Dissatisfied, Very
Dissatisfied,
I could wear these contact lenses comfortably for as long as I wanted to Strongly Disagree, Disagree, Neither Agree Nor Disagree, Agree, Strongly Agree
Reduction in the feeling of tired eyes from using a computer or other digital = Not Applicable, Excellent, Very Good, Good, Fair, Poor
device
Ability to see comfortably while driving at night Not Applicable, Excellent, Very Good, Good, Fair, Poor
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enrolled habitual wearers of daily wear lenses (daily disposable and/or daily wear reusable) of any contact lens brand. The enrollment
period was 4 weeks. Over two-thirds of subjects were habitual daily disposable contact lens wearers (234, 68.4%); the other subjects
were habitual daily wear reusable contact lens wearers (108, 31.6%).

In total, three subjects were discontinued — two during the initial visit and one during the 2-week follow-up visit. A subject allocated
to the control group was discontinued due to a non-ocular adverse event (headache/sinus pressure), and two subjects allocated to the
test group were discontinued due to protocol deviations (dispensing error and no longer meeting eligibility criteria).

Table 2

Demographics of all randomized subjects.

Test group (n = 171)

Control group (n = 171)

Total (n = 342)

Age (years)
Mean (SD)
Median
Range
Sex, n (%)
Female
Male
Race, n (%)
White
Black or African American
Asian
Native Hawaiian or Other Pacific Islander
Multiple
Habitual lens replacement, n (%)
Daily Disposable
Daily Reusable
Iris category, n (%)
Dark Iris
Light Iris

29.5 (5.44)
30.0
18.0-39.0

117 (68.4%)
54 (31.6 %)

141 (82.5%)
15 (8.8%)
12 (7.0%)

3 (1.8%)

0 (0.0%)

118 (69.0%)
53 (31.0%)

112 (65.5%)
59 (34.5%)

30.0 (5.63)
30.0
18.0-39.0

117 (68.4%)
54 (31.6 %)

145 (84.8%)
15 (8.8%)

8 (4.7%)

1 (0.6%)

2 (1.2%)

116 (67.8%)
55 (32.2%)

95 (55.6%)
76 (44.4%)

29.7 (5.53)
30.0
18.0-39.0

234 (68.4%)
108 (31.6 %)

286 (83.6%)
30 (8.8%)
20 (5.8%)

4 (1.2%)

2 (0.6%)

234 (68.4%)
108 (31.6%)

207 (60.5%)
135 (39.5%)
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3.2. Lens comfort

The test lens was statistically superior to the control lens for all four comfort questions (Figs. 2 and 3). The test group had
approximately twice the odds of positive responses to comfort questions when compared with the control group (Table 3).

The clinical data, represented by count and percentage of top-two-box responses for the test and control groups are summarized in
Table 3. The table also includes results from the statistical analysis.

4. Discussion

Successful contact lens wear is often complicated with symptoms relating to both physical comfort and visual comfort. In this
randomized controlled study, these comfort areas were explored with two questions each. For physical comfort, the questions ask the
subjects to rate their experience with “comfort at the end of the day,” and “I could wear these contact lenses comfortably for as long as I
wanted to.” The responses for both the test lens and control lens groups were compared and analyzed for differences in performance.
For comfort at the end of the day, the odds ratio was 2.01, indicating that subjects (n = 171) wearing the test lens had two times the
odds of responding “excellent” or “very good” than subjects wearing the control lens (control group n = 171 subjects). Similarly, the
odds ratio for wearing the contact lenses comfortably for as long as they wanted to was 2.17, indicating a little more than two times the
odds of responding positively with the test lens than the control lens.

For visual comfort, the questionnaire items asked the subjects to rate their experience with “reduction in the feeling of tired eyes
from using a computer or other digital device,” and “ability to see comfortably while driving at night.” The odds ratio for the digital
device question was 2.00, indicating that subjects with the test lens had two times the odds of having a positive response to that
question than subjects in the control group. Likewise, the odds ratio for the ability to see comfortably while driving at night was 1.77,
indicating that subjects with the test lens had nearly two times the odds of responding positively to that question than subjects in the
control group. The test lens was statistically superior to the control with respect to the top-two-box responses for all four of these
physical and visual comfort questions.

There are plausible reasons as to why the test lens outperformed the control lens. The test lens filters approximately 60% of blue-
violet light within the range 380-450 nm, predominantly for shorter wavelengths, which may partly explain the findings of this study.
Previous randomized, controlled, double-masked clinical studies have shown that, under glare conditions, the test lens reduces
squinting, halo and starburst diameters, light scattering, and shortens photostress recovery times compared with an equivalent control
lens [34,35]. The blue-violet filtering properties of the lens help explain perceptual benefits (e.g., visual comfort with night driving),
but are unlikely to directly influence the physical comfort of the lens.

Alternatively, the tear-stabilizing technology in the test lens may contribute substantially to the improved physical comfort of the
lens. Several studies have reported a relationship between tear-film instability and symptoms of ocular discomfort in contact lens

Control Performed Better Than Test Test Performed Better Than Control
Comfort at the \ 2201 |
End of the Day | ‘
Ability to sge ‘ 177 ‘
comfortably while l ® ‘
driving at night
0.25 0.5 1 2 4

Odds Ratio (Test vs. Control)

Fig. 2. Odds ratio (test vs. control) with 95% confidence interval for top-two-box responses to “Comfort at the end of the day” (n = 340) and
“Ability to see comfortably while driving at night” (n = 335) at 2 weeks. Superiority of the test lens is established if the lower limit of the confidence
interval of the odds ratio is above 1.
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Control Performed Better Than Test Test Performed Better Than Control

| could wear these
contact lenses | 2.17 |
comfortably for as | ° |
long as | wanted
to

Reduction in the
feeling of tired ‘
eyes from using a ‘

computer or other

digital device

2.00 \

0.25 0.5 1 2 4
Odds Ratio (Test vs. Control)
Fig. 3. Odds ratio (test vs. control) with alpha-adjusted confidence interval for top-two-box responses to “I could wear these contact lenses

comfortably for as long as I wanted to” (n = 340) and “Reduction in the feeling of tired eyes from using a computer or other digital device” (n = 329)
at 2 weeks. Superiority of the test lens is established if the lower limit of the confidence interval of the odds ratio is above 1.

Table 3
Summaries of top-two-box responses and analysis for the test and control groups.

Item Responses, n (%) Statistical Analysis Results (Test
vs. Control)

Test (N =171)  Control (N =171)  Odds Ratio (CI) P-value
Comfort at the End of the Day 2.01 (1.25, 3.22)" 0.0040
e Top-two-box 128 (75.3) 104 (61.2)
e Other boxes 42 (24.7) 66 (38.8)
I could wear these contact lenses comfortably for as long as I wanted to 2.17 (1.30, 3.64)>  0.0008
e Top-two-box 116 (68.2) 87 (51.2)
e Other boxes 54 (31.8) 83 (48.8)
Reduction in the feeling of tired eyes from using a computer or other digital device =~ 133 (78.2) 106 (62.4) 2.00 (1.18, 3.41)>  0.0067
e Top-two-box 35 (20.6) 55 (32.4)
e Other boxes 2(1.2) 9(5.3)
e Not Applicable
Ability to see comfortably while driving at night 1.77 (1.04, 3.02)" 0.0358
e Top-two-box 138 (81.2) 122 (71.8)
e Other boxes 30 (17.6) 45 (26.5)
e Not Applicable 2(1.2) 3(1.8)

CI: confidence interval.
4 95% confidence interval.
b alpha-adjusted confidence interval based on the truncated Hochberg procedure for multiplicity adjustment.

wearers [8,36-38]. Discomfort is significantly correlated with tear meniscus volume [8,38], surface drying time [37], and tear
evaporation rate [37], and is significantly associated with a shorter tear-film break-up time [36,38] and reduced surface coverage [36].
Data show that the test lens improves both tear evaporation rate and tear-film stability compared to the same lens without the new
technologies. With the test lens, wearers had half the evaporation rate [39] and were 1.6 times (60%) more likely to have a long (>10 s)
visual tear-film break-up time [40].

This study has a number of strengths that support its conclusions. The main strength of this study is its randomized study design,
which minimizes the risk of potentially confounding factors [41,42]. Furthermore, the study had a large sample size, with subjects
recruited from multiple investigational sites across the United States. Additionally, the control lens was Dailies Totall®, a popular
daily disposable silicone hydrogel lens that was previously found to reduce symptoms of discomfort among symptomatic contact lens
wearers [25] and to have superior comfort compared with several other daily disposable lenses [26-28]. Subjects were required to
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have been wearing and up-to-date contact lens prescription prior to enrolment, which reduced the likelihood they would prefer the
study lens simply based on a new prescription during the study.

When interpreting the study findings, a few points should be considered. First, the study included only myopic subjects aged 18-39
years; therefore, the results may not necessarily be generalizable to other populations. Second, although subjects were masked to the
identity of the contact lenses, investigators and other site personnel involved in data collection were not masked since they may have
been able to detect a slight difference in lens color between the two lens types — the test lens was slightly more turquoise than the
control. Third, since it was not the purpose of the study to examine the test lens technologies independently, it should be noted that
their individual contributions to comfort are unknown. Similarly, other design factors, such as lens edge, may also have contributed to
the better performance in the test group. In addition to the perceptual benefits noted [34,35], future studies could investigate the effect
of the contact lens on various objective measures of vision such as disability glare, brightness perception, cortical excitability (e.g.,
fMRI), chromatic enhancement, and low-contrast visual acuity.

Technologies that stabilize the tear film and filter blue-violet light could provide benefits to many contact lens wearers. The
increasing reliance on digital technology for work and leisure is likely contributing to an increased prevalence of symptoms of ocular
and visual discomfort, especially for contact lens wearers [10]. Similarly, glare from the headlights of oncoming traffic is likely a
common and increasing cause of discomfort for drivers, with more cars on the roads and a trend for car manufacturers to use brighter
and bluer headlights [24,43]. The test lens offers a potential solution to improve ocular and visual comfort for contact lens wearers,
even when using digital devices or driving at night.

5. Conclusion

In conclusion, the hypotheses were met, given that the test lens was statistically superior to the control lens in all four key physical
and visual comfort questionnaire items. In the study sample of young, healthy, myopic, contact lens wearers, after 2 weeks of lens
wear, the test lens was associated with significantly greater odds of subjects giving favorable responses to physical and visual comfort
questions when compared with the control lens. Specifically, the test contact lens with technologies to stabilize the tear film and filter
blue-violet light, was shown to be statistically superior to the control lens for end-of-day comfort, comfort throughout the day,
comfortable vision while driving at night, and comfortable digital device use. This suggests that the novel lens may help fill common
performance gaps that exist with current contact lens wear, potentially improving patient satisfaction with contact lens wear and
increasing contact lens wear retention. When questioning patients about comfort, eye care professionals may wish to do so in relation
to specific lifestyle needs, as well as discussing the possibility of trying new contact lens designs.
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