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Objective: The purpose of this study was to assess the wear experience of participants while wearing a toric daily disposable contact 
lens with water surface technology over long days of lens wear.
Methods: Existing soft toric contact lens wearers were fit with the daily disposable study lenses. Participants assessed their initial 
comfort, vision, and satisfaction with the lenses by visual analog scale (VAS) survey. After a successful 1-week follow-up visit, 
participants were scheduled for 5 survey days, in which surveys were deployed to their smartphones for immediate assessments of 
comfort and quality of vision on a 1–10 scale at 10, 12, 14, and 16 hours of lens wear on 5 subsequent weeknights. The final study visit 
assessed visual acuity, and overall lens wear experience surveys were completed with VAS surveys. The overall median and 
interquartile (IQR) range of all surveys were calculated.
Results: Thirty bilateral toric lens wearers completed the study. Median (IQR) initial impression VAS scores were 97(12) for quality 
of vision, 100(9) for comfort, and 96(10) for satisfaction. Median evening surveys resulted in comfort scores of 10(1) at 10 hours, 9(2) 
at 12 hours, 9(2) at 14 hours, and 8(2) at 16 hours of wear. Median evening surveys resulted in quality of vision scores of 10(1) at 10 
hours, 10(2) at 12 hours, 9(2) at 14 hours, and 9(3) at 16 hours of wear. VAS scores for overall experience were 97(9) for comfort, 
95(13) for vision, and 8(31) for dryness. End-of-day VAS scores were 93(21) for comfort, 90(15) for vision, and 21(38) for dryness. 
Mean (±standard deviation) OU LogMAR visual acuity with the study lenses was −0.19(0.06).
Conclusion: Surveys of wear experience resulted in high scores for comfort and vision over the course of a long day of wear with the 
daily disposable study lenses in this population of patients with astigmatism.
Keywords: soft contact lenses, daily disposable, end-of-day, comfort, vision

Background
Successful wear of contact lenses requires satisfactory vision and comfort.1 Studies have shown that discomfort is the 
primary reason for discontinuation of lens wear,2–4 however poor vision has also been shown to play a role in contact 
lens dropout, particularly among patients with astigmatism.5 A recent study has reported that comfort with soft contact 
lenses for astigmatism, commonly known as toric lenses, has been shown to be associated with subjective vision quality.6 

For this reason, it is important to maximize both vision and comfort since symptoms of discomfort may be exacerbated if 
a patient feels their vision is compromised.

Because a patient with astigmatism has a complex prescription, the rotation and stability of a toric lens can play a role 
in visual outcome.7 In order to minimize rotation of soft contact lenses for astigmatism, additional lens characteristics are 
added to the design of the lens which varies by manufacturer, and typically includes areas of differential edge thickness 
that prevents a lens from rotating on the eye.8 As a result, toric lenses may feel different on-eye than spherical lenses, 
leading many toric contact lens wearers to suffer from increased symptoms of ocular dryness or discomfort.9 While toric 
lens designs are generally stable, some residual rotation may occur due to the variation in corneal curvature or eyelid 
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anatomy of individual patients. Practitioners must carefully assess the rotation of a toric lens when determining the 
prescription power of the lens, as a rotated lens may require a different axis to compensate for rotational shifts in the lens.

Additional lens characteristics to consider when optimizing comfort for patients include the lens material and the 
frequency of lens replacement.10 Daily disposable contact lenses do not require daily cleaning and overnight storage, 
which is believed to improve comfort compared to re-wearable lenses which require lens care systems.11 In addition, 
daily disposable contact lenses are associated with less lens deposits, which decreases associated comfort issues in lens 
wearers, including decreasing the risk of triggering giant papillary conjunctivitis (GPC) and/or ocular allergic responses 
in patients.12 Additionally, a recent study found that less superficial punctate staining and symptoms of dryness occurred 
with daily disposable contact lens wear when compared to planned replacement lens wear.13 Daily disposable contact 
lenses provide ocular health benefits and ease of care for patients.14

For patients with astigmatism, an ideal soft contact lens would maximize both comfort and vision,6 and would be able to 
maintain these qualities for long hours of wear.2 A soft contact lens for astigmatism must orient itself properly after insertion in 
order to provide the correct prescription, and must remain rotationally stable during wear in order to achieve and maintain clear 
vision. The daily disposable lens used in this study is designed with a modified prism-ballast design that stabilizes the lens by 
making the thickest points of the lens at 8 o’clock and 4 o’clock to create two anchor points during wear.15 Additionally, the 
study lens has a silicone hydrogel core that is surrounded by a water surface treatment that provides greater than 80% water 
content at the lens surface, which is believed to contribute to both comfort and vision.16 Given the known benefits of daily 
disposable lenses, including the accompanying improvement in comfort,17 it is likely that these water surface technology 
lenses would provide long-lasting comfort and vision throughout the day. Previous studies have found high subjective comfort 
and vision scores with spherical lenses of this lens material,18 but no studies have been conducted to evaluate the comfort and 
vision of these lenses for patients with astigmatism. The purpose of this study was to assess the subjective comfort and quality 
of vision of astigmatic wearers of the study contact lenses over a long day of lens wear.

Methods
This open-label, prospective study was conducted under the approval of the Institutional Review Board at The Ohio State 
University and is registered on ClinicalTrials.gov (#NCT04844281). This study complied with the Declaration of 
Helsinki and all participants completed electronic written informed consent prior to screening. A diagram of the study 
design is presented in Figure 1.

Habitual wearers of soft toric contact lenses aged 18–40 were recruited to participate in the study. After completing 
the informed consent process, participants completed a vision and ocular health assessment to determine eligibility before 
being fit with the study lenses. To be eligible, participants were required to wear soft lenses for astigmatism in both eyes, 
have 20/25 or better vision with their current lens correction and be able to complete all study visits, including 5 long 
study days with at least 16 hours of lens wear. Patients who were pregnant, had active ocular or systemic inflammation, 

Prescreening

• Confirmation of 
current soft toric
lens wear 

• Confirmation that 
potential 
participant owns a 
smart phone

• Informed Consent

Visit 1

• Examination of 
vision and ocular 
health

• Fitting of study 
lenses

• Completion of 
survey of initial 
impressions of 
lenses

•41 enrolled
•11 ineligible by 

inclusion/exclusion

Visit 2

• Examination of 
vision and ocular 
health

• Contact lens 
evaluation and 
over-refraction to 
insure optimal fit 
and vision with 
study lenses

Evening Surveys

• Survey deployed 
by smart phone to 
each morning over 
5 weekdays to 
capture time of 
lens insertion

• Surveys deployed 
each evening at 
10, 12, 14 and 16 
hours of lens wear

Visit 3

• Examination of 
vision and ocular 
health

• Surveys of overall 
comfort and vision 
with lenses and 
CLDEQ-8 
completed

• End of study 
survey completed

•30 bilateral toric
wearers completed the 
study

•No loss to follow-up or 
discontinuations

Figure 1 Study design.
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or had a prescription beyond the range available for the study lenses were ineligible. Eligible participants were fit with 
the study lens (PRECISION1® for Astigmatism; Alcon Inc, Fort Worth, TX, USA). The fitting process included an 
evaluation of the centration and movement of the lens, rotation after at least 10 minutes of lens settling, and an over- 
refraction. After successful fitting of the study contact lenses by the investigator, a visual analog scale (VAS) survey of 
initial lens impressions with the lenses was deployed to the participant’s own smart device using REDCap (Research 
Electronic Data Capture), a secure, web-based software platform hosted at The Ohio State University, that is utilized to 
capture data for research studies.19,20 Each VAS survey was completed by moving a slider along a line to correspond with 
their impression of each quality on a scale from 0 to 100. The initial quality of vision VAS was anchored with “POOR 
Quality” at 0 and “EXCELLENT Quality” at 100. The initial comfort VAS was anchored with “POOR Comfort” at 0 and 
“EXCELLENT Comfort” at 100. The initial satisfaction VAS was anchored with “NOT Satisfied” at 0 and 
“EXTREMELY Satisfied” at 100. Additional lenses were dispensed to eligible participants, so that they could wear 
lenses each day until Visit 2, which followed in 1 week (±3 days).

At Visit 2, visual acuity, slit-lamp assessments of ocular health and contact lens fit, and an over-refraction were completed. 
No subjects required any changes in prescription, so no additional follow-up visits were needed. Subjects were dispensed 
additional lenses to wear until Visit 3 and the 5 evening survey days were scheduled for weekdays between visits 2 and 3. On 
the morning of each survey study day, subjects received a “Morning Survey” asking for the time of contact lens insertion 
that day. Later that evening, an “Evening Survey” was automatically deployed via REDCap at 10, 12, 14 and 16 hours of lens 
wear. The surveys were deployed on 5 weekdays between Visit 2 and Visit 3 to maintain consistency. Evening surveys 
included 1–10 forced-choice grading of comfort and quality of vision, with 1 anchored as “Poor comfort” or “Poor vision” and 
10 anchored as “Excellent comfort” or “Excellent vision.” The forced-choice selection was used based upon a previous study 
that explored comfort and vision during evening wear with a spherical contact lens.21 At Visit 3, after approximately 2 weeks 
of study contact lens wear, participants completed additional VAS assessments of their overall contact lens wear experience 
while wearing the study lenses. Overall and end-of-day quality of vision VAS surveys were anchored with 0 as “POOR 
Quality” and 100 as “EXCELLENT Quality”. Overall comfort and end-of-day comfort were each anchored with “POOR 
Comfort” at 0 and “EXCELLENT Comfort” at 100. Overall dryness and end-of-day dryness were anchored with “No 
Dryness” at 0 and “MAXIMUM Dryness” at 100. Overall VAS assessments consisted of overall quality of vision, overall 
comfort and overall dryness. End-of-day VAS surveys included end-of-day quality of vision, end-of-day comfort, and end-of- 
day dryness. Participants also completed the eight-question Contact Lens Dry Eye Questionnaire (CLDEQ-8) survey, which 
specifically asks patients to answer the questions based upon their experiences over the past 2 weeks of lens wear.22,23 

Additionally, participants completed a final survey which included questions regarding the participants’ experiences with daily 
disposable lenses and with the study lenses. The scales for convenience, ease of use, and preference for daily disposable 
contact lenses were 0 to 10, where a score of 0 was not convenient, easy, or preferred; 5 was marked as neutral; and 10 was 
labelled as very convenient, easy, or preferred.

Statistical Analysis
This sample size of 30 was chosen based upon a previous contact lens study which assessed spherical lens comfort and 
vision over a long evening of wear.21 A paired t-test sample size calculation based on the difference in comfort from 10 
to 14 hours of wear from that study found that a minimum of 12 participants should be enrolled to find a difference in 
comfort at that timepoint. Two-factor analysis of variance (ANOVA) was used to evaluate the effect of the days and 
timepoints of the forced-choice evening surveys. Comparisons for each time point of the evening surveys were made 
using Tukey pairwise analysis. The Anderson–Darling test for normality was completed on the survey data, and non- 
parametric statistical analysis was used due to non-normality. Median and interquartile range were calculated for the VAS 
and forced-choice surveys. Responses to all surveys given at the end of the study, including overall and end-of-day 
comfort, vision and dryness, CLDEQ-8, convenience, ease of use, and satisfaction were analyzed further using a Mann– 
Whitney analysis to compare responses of habitual reusable lens wearers to habitual daily disposable lens wearers. 
A Spearman correlation coefficient test was completed to look at the relationship between comfort and vision using both 
the overall comfort and vision scores and the end-of-day comfort and vision scores. Statistical analysis was conducted 
using MiniTab (Version 18.1, State College, PA, USA).
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Results
Forty-one soft contact lens participants enrolled in the study and completed the consent process. Eleven of these 
participants were screen failures who did not meet inclusion/exclusion criteria or only required a toric lens in one eye. 
Thirty bilateral toric wearers, 19 female and 11 male participants completed the study. The (average ± standard deviation) 
age of the participants with bilateral astigmatism who completed the study was 28.4 ± 6.0 years (Range 19–40 years). 
The races represented in the participant population included 5 Asian, 21 Caucasian, 1 Black/African American, 2 who 
reported more than one race, and 1 unknown/not reported participant. Two participants identified their ethnicity as 
Hispanic or Latino.

Twenty of the participants habitually wore planned replacement lenses and 10 participants habitually wore daily 
disposable lenses. Two of the daily disposable lens wearers were wearers of the study lens before enrolling in the study.

Visual Acuity
Visual acuity was measured at every visit either with habitual lens or test lens. Vision while wearing the daily disposable 
contact lenses in this study was measured with LogMAR ETDRS charts, and participants had exceptional vision 
monocularly and binocularly. Visual acuity with the study lenses recorded at Visit 3 is reported in Table 1. The mean 
LogMAR binocular acuity of −0.19 is equivalent to 20/12.5−1 Snellen visual acuity.

Rotation of Lenses
Lens fit and rotation was assessed after lenses had settled on the eyes for at least 10 minutes. Of the 54 toric lenses 
evaluated for rotation, 36 eyes (66.7%) had zero rotation, 49 (90.7%) had rotation 5 degrees or less, and 51 eyes (94.4%) 
had rotation less than 10 degrees. One eye (1.9%) had 15 degrees of rotation. While the protocol required any trial lens 
with an over-refraction or rotation that did not maximize visual acuity to be refit, none of the eyes in the study required a 
second trial lens due to rotation.

Initial Impressions Assessment
Median values (IQR) for the initial impression surveys completed during Visit 1 were 97.0 (11.8) for quality of vision, 
100.0 (9.0) for comfort, and 96.0 (10.0) for satisfaction.

Subjective Assessment of Comfort and Vision at Evening Time Points
All 30 subjects were scheduled to complete 4 surveys each night for 5 nights between Visit 2 and Visit 3 for a total of 600 
surveys deployed. One participant claimed to have completed the surveys, but no data was found in the data capture 
system for any of the 5 nights. For the remaining 29 participants, 2 participants were missing 1 night of survey 
deployment and 1 participant did not have the surveys sent on two evenings.

Median (IQR) for vision and comfort were calculated using data for all 5 days for each time point. At 10 hours of 
wear, the median (IQR) score for comfort was 10 (1), with a mild decrease over the next 6 hours, with a score of 9 (2) at 
12 hours; 9 (2) at 14 hours; and 8 (2) at 16 hours of wear. Median (IQR) quality of vision scores were 10 (1) at 10 hours; 
10 (2) at 12 hours; 9 (2) at 14 hours; and 9 (3) at 16 hours of wear. All statistics on the evening surveys can be found in 
Table 2.

A two-factor repeated analysis of variance (ANOVA) on the means was performed for comfort with evening time 
points (10, 12, 14 and 16 hours of wear) and day (1–5) as factors, and a interaction term between time and day.24 

Table 1 Visual Acuity Data with Study Contact Lenses at Visit 3

n=30 OD OS OU

Mean LogMAR acuity −0.12 −0.14 −0.19

Standard deviation 0.08 0.08 0.06

Mean Snellen equivalent 20/16+1 20/16+2 20/12.5−1
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A P-value less than 0.05 was considered significant. The day of the surveys and the interaction term were not significant. 
The time point was significant (P<0.001), and Tukey pairwise comparison found no significant differences in comfort at 
10 and 12 hours, and a significant difference in the 14- and 16-hour timepoints compared to all other timepoints. A two- 
factor repeated ANOVA was also completed for vision results, using timepoint and day as factors. An interaction term for 
time and day was also included. The interaction term was not significant, while day (P=0.04) and timepoint were 
significant (P<0.001). Tukey pairwise comparisons of the days showed a significant difference only between days 3 and 
4. Overall, this suggests that there was no linear trend for the vision results across the days. Tukey analysis of the vision 
at each timepoint found a significant difference between all time point pair comparisons. Tukey analysis of the vision at 
each timepoint found a significant difference between all timepoints.

End-of-Study Surveys
End-of-day median (IQR) scores were 93.0 (21.0) for quality of vision and 89.5 (15.0) for comfort. The median end-of- 
day dryness score was 21.0 (37.8). Median (IQR) scores were 96.5 (8.5) for overall quality of vision and 95.0 (13.3) for 
overall comfort. The overall dryness median score was 8.0 (24.9). All values calculated for end-of-day and overall 
surveys are reported in Table 3.

The Median (IQR) CLDEQ-8 Score Was 8.0 (7.0)
Data for the final lens wear experience survey was missing data for one participant and is based upon 29 subjects. The 
median (IQR) score for both convenience and ease of use was 10 (0). The median score for satisfaction with the study 
lens was 10 (2). No adverse events occurred in this study.

The VAS surveys of initial comfort and vision were compared to the overall comfort and vision surveys using Mann– 
Whitney analysis, with no significant differences found. Similarly, there were no significant differences when overall 
comfort and vision were compared to end-of-day comfort and vision.

To determine if the replacement mode of the participants’ habitual contact lenses played a role in the subjective 
findings of the study lenses, Mann–Whitney was used to analyze the results of all surveys completed at the end of the 
study. Survey responses of participants who habitually wore reusable lenses to those of participants who habitually wore 
daily disposable lenses before enrolling in the study. The median scores of the two groups were not significantly different 
for CLDEQ, convenience, ease of use or satisfaction. There were no significant differences in the responses of the two 
groups when comparing the end-of-day surveys, or the overall surveys of vision and dryness. The only significant 
difference was found was between the median overall comfort score for the study lenses when comparing the habitual 
reusable lens group (96.5) to the habitual daily disposable wearer (88.0) group (P=0.04).

Table 2 Results of Evening Surveys on a 1–10 Scale at Time Points 10, 12, 14, and 16 Hours After Lenses Were Inserted Using All 
Data Collected Over 5 Days of Surveys (n=29)

10 Hour 
Comfort 
Score

10 Hour 
Vision 
Score

12 Hour 
Comfort 
Score

12 Hour 
Vision 
Score

14 Hour 
Comfort 
Score

14 Hour 
Vision 
Score

16 Hour 
Comfort 
Score

16 Hour 
Vision 
Score

Median 10 10 9 10 9 9 8 9

IQR 1 1 2 2 2 2 2 3

Table 3 Visual Analog Scale Assessments of Overall Quality of Vision, Comfort, and Dryness

n=30 End-of-Day Quality 
of Vision

Overall Quality 
of Vision

End-of-Day 
Comfort

Overall 
Comfort

End-of-Day 
Dryness

Overall 
Dryness

Median 93.0 96.5 89.5 95.0 21.0 8.0
Interquartile range 21.0 8.5 15.0 13.3 37.8 30.8
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Relationship of Comfort and Vision
The Spearman correlation coefficient test was used to examine the relationship between comfort and vision found in this 
study. Assessment of overall comfort and overall vision revealed a strong positive correlation (ρ=0.63; P<0.001). 
Evaluation of end-of-day comfort and end-of-day vision revealed a moderate positive correlation (ρ=0.58; P=0.001).

Discussion
Comfort and vision are both critical to successful contact lens wear. A decline in comfort with soft contact lens wear is 
a well-known phenomena,25–27 and previous studies have explored comfort assessments during the evening using 
different survey techniques, including asking patients to recall their end-of-day comfort levels,28 and completion of 
home surveys before lens removal.29 The ability to quantify vision and comfort in real time via smartphone surveys in the 
current study gives insight into when changes in symptoms occur during lens wear, and a previous study used this 
method for capturing subjective impressions of soft sphere contact lenses.21 Results from the current study found that the 
expected decline in lens comfort and vision over time was gradual over the course of the evening, with median scores of 
8(2) for comfort and 9(3) for vision at 16 hours of wear. This maintenance of comfort is important with soft lens wear, as 
discomfort with lenses in general has been targeted as the most common cause for contact lens dropout.25 It is likely that 
the water surface treatment of the study lenses are playing a role in these findings, as surface treatment of lens materials 
can improve lubricity of a soft contact lens, and therefore improve comfort.30 The results of the CLDEQ-8 survey results 
in this study further confirm the overall comfort findings with the lenses. The median CLDEQ-8 score of 8.0(7.0) is 
lower than the cutoff point of 12 that is associated with frequent symptoms of dry eye.31

Despite the increased challenges of correcting vision for patients with astigmatism, compared to spherical lens wearers, 
the vision scores found in this study remained high over a long evening, with a median score of 9 (3) at 16 hours of wear. In 
this study, it is likely that the high vision scores were a result of the low rotation found with the lenses. Stability of the 
rotation of the lenses was not assessed in this study, but the high vision ratings at all surveys throughout the study may imply 
that vision was not blurring intermittently as can occur with unstable soft toric contact lenses. The subjective scores are 
further validated objectively by the binocular LogMAR visual acuity score of −0.19 (20/12.5−1 Snellen). Comfort and 
vision were positively correlated with this study lens, which further validates the findings in a previous study of soft toric 
contact lenses, which found that ocular discomfort may increase if subjective visual quality declines.6

The results of this study reveal that long hours of wear with the study lens yielded reports of high comfort and quality 
of vision up to 16 hours of wear. It should be noted that the open-label nature of this study could have introduced some 
potential bias for the participants. This was a non-comparative study, but comparison of the comfort and vision scores of 
those study participants who were habitual wearers of reusable lenses to those who wore daily disposable lenses 
habitually did reveal a statistically significant difference when scoring overall comfort of the study lenses. This difference 
may imply that previous lens wear experience can play a role in subjective assessments of new wear. While this study 
only examined symptoms using one soft contact lens, the methodology used in this study to assess comfort and vision in 
real time was effective, and future comparative studies with different lens materials are possible.

Conclusion
In this study, participants responded positively to initial wear, overall wear and end-of-day wear with the study lenses. 
When surveyed on their comfort and vision over the course of long days in this study, the participants assigned high 
ratings for both comfort and vision for up to 16 hours of wear with the study lenses.

Data Sharing Statement
Data reported in this manuscript are available within the article. Study-level data including the study protocol are 
available. To request access to the data, the researcher must sign a data use agreement. All proposals should be directed 
to Fogt.78@osu.edu for up to 36 months following article publication.
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