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Abstract

Purpose: Soft contact lenses (SCLs) are effective for
refractive error correction, but prolonged wear results
in discomfort and discontinuation. This study
examined whether the water gradient technology in
delefilcon A-based SCLs (which are silicone
hydrogel (SH) SCLs) prevents meibomian gland
(MG) injury.

Methods: This retrospective observational study
included a total of 48 asymptomatic SCL users as
follows: 23 delefilcon A users (46 eyes) and 29
narafilcon A users (58 eyes) (comparator
conventional SCL  group)  without ocular

comorbidities and previous use of ophthalmic
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treatment, except for anti-allergic eye drops or
artificial tears. Data on the MGs were collected by
infrared meibography. Measurements of the bare eye
were recorded as follows: at visit 1 (v1) and at visit 2
(v2) after SCLs were worn for >5 h; v2 occurred 30 +

5 days after v1.

Results: The area of the MG in the lower eyelid was
significantly reduced at v2 compared to that at v1 in
the narafilcon A group (46.6% at v1 and 44.5% at v2;
P =0.015). The area of the lower eyelid MG was not
significantly reduced in the delefilcon A group
(43.1% at v1 and 43.8% at v2; P > 0.05).
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Conclusion: The water gradient technology used in
delefilcon A may significantly reduce MG loss
induced by SH-SCLs. The use of water gradient
technology might alleviate MG injury caused by SH-
SCL use, prevent pathological tear dynamics, and

improve lens performance.

Keywords: Antibiotic resistance; Enterobacteria;

Self-medication; Resuscitation

1. Introduction

Recent studies in corneal physiology have enabled
the development of soft contact lenses (SCLs) with
improved component materials, design, and
production processes. SCLs are thus currently the
safest, most sought after, and effective interventions
for refractive error correction [1]. However,
continuous and extended SCL use is associated with
adverse effects and undue stress on the cornea mainly
due to issues related to oxygen permeability [2],
corneal neovascularization [3], and tear film

abnormality and endothelial disorders [4].

Silicone hydrogel (SH) SCLs were developed two
decades ago to overcome the limitations associated
with SCLs and conventional hydrogel lenses [5]. SH-
SCLs have distinct surface and mechanical properties
that allow for increased permeability of oxygen,
reduced protein deposition, and mild frictional
interactions, though they show increased lipid
deposition and less favorable elastic properties
(stiffness) [6]. Several investigations have also
established that SH-SCLs reduce the level of limbal
inflamations [7], alleviate contact lens-associated
keratitis [8] and increase the ocular surface oxygen
supply compared to conventional hydrogel SCLs [9].
Despite these advantages, symptoms associated with
contact lens discomfort (CLD) persist in SH-SCLs
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[10]. One of the reasons for CLD in SH-SCLs is
friction between the SCL surface and the conjunctiva.

This surface friction also induces epitheliopathy [11].

The frictional interactions of SCLs are partially
influenced and may be mitigated by the lipid
components of tears secreted by the meibomian
glands (MGs). MG dysfunction results in
pathological tear film conditions such as a shorter
break-up time, decreased contact lens surface
coverage by the tear film during the overall interblink
period, and greater exposure of the contact lens
surface to the atmosphere during blinking [12].

Dailies Totall (DT1) (delefilcon A) was developed as
a water gradient SH-SCL whose lens surface has
distinct properties designed to minimize surface
problems associated with SH-SCLs. It has a core
silicone hydrogel material comprising 33% water that
can transit to the outer surface layer (which has 80%
water) [13]. The surface has a low compression
modulus and includes water gradient technology that
enables the surface to be lubricated and facilitates
high oxygen permeability [14]. The present study
investigates whether the water gradient structure of
the delefilcon A lens (a SH-SCL) contributes to
improving the condition of the MGs with reference to
tear film quality; the delefilcon A lens is compared to
the narafilcon A lens, which is a conventional SH-
SCL.

2. Materials and Methods

2.1 Study Design

This retrospective observational study included 48
asymptomatic patients who used SCLs daily. The
study was approved by the Institutional Review
Board of Kawasaki Medical School Hospital

(approval number 3403-01). Informed consent was
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obtained from all the study participants. The study
adhered to the tenets of the Declaration of Helsinki
and was performed according to Good Clinical
Practice (GCP). The identity of the sponsor of the
study (Alcon) was masked to the assessors until the
completion of the study. The study observation
period was defined as the date from which the patient
started receiving care at the study site until the date at
which the last data point was measured; the study
was conducted between May 1, 2019 and February
29, 2020. On-site training was conducted to ensure
uniform data collection, assessment, and compliance
with GCP.

2.2 Study participants and visits

A retrospective review of the clinical records
(including video records) of 48 SH-SCL users was
conducted for potential participants who were able to
achieve a clinically acceptable fit with each of the
study lenses. Asymptomatic participants who were
>20 years of age with far-corrected vision of >0.8 in
both eyes, those wearing contact lenses for at least
five days a week for greater than 5 h a day, and
regular users of SCL were included from one site

(Inoue eye clinic) in Japan.

Contact lens wearers without active ocular surface
disorders such as epithelial disorders, infections,
conjunctivitis, ocular inflammatory disease, and
nasolacrimal duct obstruction were selected. As an
exception, those with a dry eye with a short break-up
time were included in the study since such symptoms
are often evident in contact lens users and hold
clinical significance; these symptoms can potentially
be targeted effectively with delefilcon a use.
Individuals with a history of ocular surface surgery or
those considered unsuitable by the principal

investigator were excluded from the study. To
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minimize the intervention in this retrospective study,
subjects were enrolled as delefilcon A or narafilcon
A habitual users. The 48 SH-SCL users included a
consecutive series of 23 delefilcon A habitual users
and 25 narafilcon A habitual users who met the above

criteria.

2.3 Study groups and data collection

To minimize bias, the eligible patients were enrolled
in a blinded manner to one of two study groups: the
delefilcon A group which used DT1 lenses (Alcon
Laboratories, Inc., Fort Worth, Texas, USA), and the
narafilcon A group which used 1-Day Acuvue
TruEye (TE) lenses (Johnson & Johnson Vision); the
lenses were allotted in a consecutive series.
Delefilcon A lenses are SH-SCLs with a water
gradient structure and a surface with high lubricity
[15]. The core has low water content (33%), similar
to other conventional SH-SCLs [16]. We chose
narafilcon A as the representative conventional
control SH-SCL because its core component also has
low water content (46%) [17]. Both are daily
disposable SH-SCLs [18]. The water content in
narafilcon A is constant throughout the lens, while
the water gradient technology in delefilcon A creates
a low water content core and a high water content
surface [17]. Several previous studies have also

compared delefilcon A with narafilcon A [19-22].

We included the following background data: age, sex,
power (diopter), Schirmer’s test (mm), central
corneal thickness (CCT, pm), and ophthalmic
solution use; we also included the following data
elements measured on the bare eye: non-invasive tear
breakup time (NIBUT) (seconds) using the tear
interferometer DR-10 (Kowa, Tokyo, Japan), tear
meniscus height (TMH) (mm), subjective dryness

estimated by the visual analog scale (VAS; minimum
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0, maximum 100), and ocular higher-order
aberrations (HOAS).

The MG area within the lower eyelid was measured
by infrared meibography using Keratograph 5M
(Oculus, Wetzlar, Germany). The area of the MG
structure was extracted by automatic threshold
identification using ImageJ software, and analyzed as

described previously [23, 24].

The data were categorized as visit-1 (v1) and visit-2
(v2) data for each patient based on the chronology of
availability. For data based on the qualification tests
and bare eye measurements, the time that SCLs were
worn to the hospital, removed, and washed was set as
>30 min. Data were collected for clinical v1 after the
tests, and observation parameters were measured
without SCL-wearing. For clinical v2, the following
data were collected: data from tests and observation
parameters measured after wearing SCLs for >5 h
after 30 + 5 days of SCL use following v1. Between
vl and v2, SCLs were used 5-12 hours per day, 5-7
days per week. Room temperature and humidity were
maintained at 23-25 °C and 30%-40%, respectively.

For the NIBUT, the three videos captured using the
tear interferometer DR-1a were analyzed in a masked

manner, and the three break-up times were averaged.

TMH and CCT were obtained using anterior segment
optical coherence tomography (AS-OCT; CASIA 2,
Tomey Corporation, Nagoya, Japan). Analysis
software (Tomey Corporation, Nagoya, Japan) was
used to identify and digitize the anterior corneal or
SCL surfaces, posterior corneal surfaces, and tear
meniscus areas. The digitization tasks were
performed by researchers who were blinded to the

group allocation of the participants. For TMH and

Journal of Opthalmology and Research

DOI: 10.26502/fjor.2644-00240049

CCT, three measurement values were obtained and

averaged.

The following ocular HOAs were measured: total
HOA, coma, trefoil, spherical, tetrafoil, and 2" order
astigmatism aberrations through a 6 mm pupil using a
Shack—Hartmann wavefront sensor in the KR-1W
Wavefront Analyzer (TOPCON, Tokyo, Japan). The
HOA values (RMS; in um) measured every 1 to 10 s
after each blink were averaged.

All measurements were obtained from bilateral eyes

and were recorded.

2.4 Statistical analysis

This study was designed to assess the difference
between the delefilcon A and narafilcon A groups in
terms of tear film dynamics. The sample size was
planned as per the number needed for evaluating the
null hypothesis of no difference between the two
groups with the specified probability. Data
distributions were assessed for normality using the
Shapiro-Wilk test. Based on the assumption that all
the data on the outcomes of interest followed a
parametric distribution, the two-sample independent
t-test was used to analyze all data except for data on
the following: male/female ratio, ophthalmic solution
use ratio. A paired t-test was performed to compare
the MG area between v1 and v2. For the male/female,
and ophthalmic solution use data, the Pearson’s chi-
squared test was used. All statistical analyses were
performed using SPSS version 25.0 (IBM SPSS
Statistics for Windows, version 25.0; IBM Corp.,
Armonk, NY USA).

3. Results
3.1 Enrollment
In this study, a total of 48 patient records were

reviewed, and 96 eyes of 48 regular SH-SCL users
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were enrolled into two groups. These were 23 regular
users (46 eyes) of delefilcon A-based DT1 and 29
regular users (58 eyes) of narafilcon A-based TE.
Among the 29 narafilcon a participants, four
participants (eight eyes) also used delefilcon A and
were included in the delefilcon A group. For the four
participants who used both lenses, the v1 and v2
measurements were recorded for an additional day
after 60 days, and were compared to the
measurements of individuals who exclusively used

either delefilcon A or narafilcon A.

The study of three patients who did not appear for v2
was discontinued after v1. The three patients
included two participants from the delefilcon a group
and one participant from the narafilcon a group.
There were no reports of discontinuation due to

adverse events.

3.2 Patient characteristics and area of the lower
eyelid MGs

DOI: 10.26502/fjor.2644-00240049

The study comprised a total of nine men and 39
women; the average age was 34.6 + 9.8 years and
32.5 £ 8.6 years in the delefilcon A and narafilcon A
groups, respectively. There were no significant
differences between the study groups in the baseline
parameters and the studied parameters (bare eye
measurements) (Table 1). Apart from artificial tears
or anti-allergic eye drops, no other ophthalmic
solutions were used. The distributions of the SCL
products that the participants used most frequently
within one month before vl were also not
significantly different between the groups (P = 0.07,
Jonckheere-Terpstra test, Table 2).

The area of the lower eyelid MG (Figure 1) was
significantly reduced at v2 compared that at v1 in the
narafilcon A group (46.6% at v1 and 44.5% at v2; P
= 0.015, paired t-test, Figure 2A). Such a reduction
was not observed in the delefilcon A group (43.1% at
vl and 43.8% at v2; P > 0.05, paired t-test, Figure
2B).

Table 1: Comparison of the participant background data between the two silicone hydrogel-soft contact lens (SH-

SCL) groups

Narafilcon A Delefilcon A *P value
(in narafilcon A) (in delefilcon A) delefilcon A vs. narafilcon A
Average £ SD Average £ SD

Age (years) 325+86 34.6+9.38 0.25

Female ratio 0.83 0.70 0.28»

CCT (um) 533.7+32.2 530.7 + 31.2 0.64

Power (diopter) -3.71+147 -3.30+1.50 0.17

Schirmer’s test (mm) 20.7+12.38 17.5+10.9 0.20

Artificial tear use 20.7% (6/29) 43.5% (10/23) 0.08"

Anti-allergic use 3.5% (1/29) 8.7% (2/23) 0.42n

NIBUT (DR-la) (in | 6.9%2.9 6.7+3.2 0.71

seconds)

TMH (mm) 0.25+0.07 0.27 £0.07 0.20
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Subjective dryness (VAS | 53.8+23.1 49.6 +23.1 0.36
score)
HOA (RMS; in pum) 0.39+0.13 0.39+0.18 0.95

Data are expressed as the mean + standard deviation.
*P values were calculated using a two-sample independent t-test in all instances except for the female ratio and

ophthalmic solution use ratio, where the Pearson chi-squared test was used (*).

CCT, central corneal thickness; HOA, higher-order aberration; NIBUT, non-invasive tear break-up time; SD,
standard deviation; SH-SCL, silicone hydrogel-soft contact lens; TMH, tear meniscus height; VAS, visual analog
scale

Table 2: Comparison of the frequently used soft contact lenses (SCLs) between the two silicone hydrogel-soft

contact lense (SH-SCL) groups within one month before the first visit (v1)

Narafilcon A Delefilcon A
(in the narafilcon A | (in the delefilcon A
group) group)
Total 58 eyes (%) Total 46 eyes (%)
1-Day Acuvue TruEye (TE) (narafilcon A) 7 (12.1%) 6 (13.0%)
Dailies Total 1 (delefilcon A) 0 (0%) 10 (21.7%)
Myday (stenfilcon A) 8 (13.8%) 8 (17.4%)
Medalist FreshFit (balafilcon A) 4 (6.9%) 0 (0%)
Biofinity (comfilcon A) 4 (6.9%) 0 (0%)
2-week Aqualox (samfilcon A) 2 (3.4%) 2 (4.3%)
2-week Acuvue Oasis (senofilcon A) 4 (6.9%) 2 (4.3%)
2-week Acuvue Advance (galyfilcon A) 2 (3.4%) 0 (0%)
1-day Premio (asmofilcon A) 2 (3.4%) 0 (0%)
1-day Acuvue Oasis (senofilcon A) 0 (0%) 4 (8.7%)
1-day Aqualox (samfilcon A) 4 (6.9%) 0 (0%)
1-day Acuvue Moist (etafilcon A) 6 (10.3%) 0 (0%)
1-day Bio true (nesofilcon A) 10 (17.2%) 10 (21.7%)
1-day Acuvue Define (etafilcin A) 2 (3.4%) 0 (0%)
lday Pure (HEMA) 1 (1.7%) 0 (0%)
1-day Medalist (hilafilcon B) 2 (3.4%) 2 (4.3%)
Unknown 0 (0%) 2 (4.3%)

The distributions of the SCL products that the participants used most frequently within one month before v1 were

not significantly different (P = 0.07, Jonckheere-Terpstra test). HEMA, 2-Hydroxyethyl Methacrylate
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Figure 1: Representative measurements of eyelid meibomian gland (MG) area (%). Representative measurements of
the lower eyelid MGs by meibography on Keratograph 5M at the first visit (vl) before narafilcon A silicone
hydrogel-soft contact lens (SH-SCL) use (A);

digitized image from A (B);

meibography image at the second visit (v2) after one month of narafilcon A SH-SCL use (C);

digitized image from C (D):

The MG area in B was 47.57% in the total lower eyelid, which was reduced to 42.96% in D. Representative
measurements for lower eyelid MG by meibography on Keratograph 5M at vi before delefilcon A use (E);
digitized images from E (F);

meibography at v2 after one month of delefilcon A SH-SCL use (G);

digitized image from G (H).

The MG area in F was 58.31% in the total lower eyelid, which was not reduced in H, at 64.59%.
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Figure 1: Comparison of meibomian gland (MG) area in the lower eyelid measured by infrared meibography

A reduction in MG area (in %) was observed in the narafilcon A group (A) but not in the delefilcon A group (B).

The horizontal lines in the box and whisker plots represent the median values, and the bottom and top of the boxes

represent the lower and upper quartiles, respectively. The

“x” represents the mean and the bars represent the

minimum and maximum values within 1.5 times the lower and upper quartiles, respectively.

* P < 0.05, paired t-test

NS, not significant

4. Discussion

This study assessed whether the water gradient
structure of the delefilcon A lens has an impact on
the MG. Overall, we observed that there was no
damage to the MGs with the use of the delefilcon A

lenses with a water gradient structure.

SH-SCLs have been developed to improve the
properties of SCLs [25]. SCH-SCLs show high
oxygen permeability [26] and resistance to protein

deposition due low water content [27]. However, SH-
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SCLs are hydrophobic and thus have low affinity
with the tear-film [28]. In addition, lipids tend to
deposit on SHs [29].

SH-SCLs have certain unique limitations [30]. These
limitations arise primarily because SHs are relatively
hard [31, 32]. For this reason, “soft” SH contact
lenses (SH-SCLs) have been developed, and are
known to be relatively effective [33]. However,
discomfort is a major residual complication with SH-
SCLs [34]. Tear film thinning results in an increase

in evaporation, and induces SH-SCL surface friction
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[36]. DT1 was developed to overcome these adverse
properties of SH-SCLs; the water gradient
technology employed in the DT1 lenses minimizes

the surface friction issues [19].

MGs are the major organs that secrete the lipid layer
of the tear film [24]. The lipid layer of the tear film
prevents evaporation of the aqueous component of
the tear film, thus stabilizing the tear dynamics and
the homeostasis of the cornea and the conjunctiva
[36]. The loss of MBs induced by the conventional
SH-SCLs in this study might be due to surface
friction which is characteristic of SH-SCLs [37]. A
vicious cycle is initiated where MG loss due to
conventional SH-SCLs may lead to instability of the
lipid layers, which also results in increased surface
friction [38].

Delefilcon A is a daily disposable water gradient
contact lens marketed as DAILIES TOTAL1® by
Alcon Laboratories The delefilcon A lenses possess
the characteristics of both conventional hydrogel
lenses and SH lenses. These lenses have a SH core
with a water content of 33% + 2% and a surface
water content of 84.6% [13]. They have a total
surface thickness of 5.9 + 0.8 pm, including a 1-2 pm
transition zone and a 4-5 um outer surface layer with
a low compression modulus; there is a significant
modulus gradient in the zone of transition [13]. These
features result in a water gradient that transitions
from the core with a lower water content to the
outermost hydrophilic gel layer with a higher water
content. Consequently, compared to narafilcon A (the
conventional SH counterpart with 46% water
content), delefilcon A has higher oxygen
permeability and a higher tensile modulus.
Additionally, the water gradient technology has been

reported to reduce the surface friction of SH-SCLs
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[39]. In this study, we observed that there was no
physical damage to the MGs in the delefilcon A
group, while there was significant MG damage in the
narafilcon A group. This suggests that the water
gradient technology was useful in preventing MB
damage and maintaining ocular surface health during
SH-SCL usage.

The main limitations of the present study included its
retrospective and observational nature. Therefore, no
randomization was performed. To minimize bias, the
MG area measurements were obtained in a blinded
manner. In addition, to reduce the probability of bias,
a consecutive series of individuals was included in
both the delefilcon A and narafilcon A groups with
characteristics that matched the inclusion criteria. In
this study, artificial tears or anti-allergic ophthalmic
solutions were used in some patients, who could have
impacted the results on tear dynamics; however, the
distribution of participants did not differ between the
delefilcon A and narafilcon groups. Our results need
to be verified in a prospective, randomized, masked

study in the future.

In conclusion, the loss of MGs induced by SH-SCL
usage, presumably due to stress due to SCL wear,
was significantly reduced in the delefilcon a group;
this implies that the water gradient structure of the
delefilcon a lens leads to reduced surface friction.
Thus, the use of the delefilcon a lens can alleviate the
abnormal MG conditions that result in pathological
tear film conditions among contact lens wearers.
Delefilcon A can maintain normal tear film
conditions that may in turn improve lens

performance.
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